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ABSTRACT

ThisPublicDesignReportprovides,ina singledocument,available

nonproprietary design information on the Low NOx/ SOx Burner Retrofit of

Utility Cyclone Boilers project. In addition to the design aspects, the history
r 'of the p oject, the organization of the project, and the role of the fundirg

o

parties are discussed.

, An overviewoftheLow NOx/SOx (LNS)Burner,thecycloneboilerand

theSouthernIllinoisPower Cooperativehostsiteispresented.A detailed

nonproprietarydescriptionoftheindividualprocesssteps,plantsystems,

and resultingperformancethenfollows.Narrativeprocessdescriptions,

simplifiedprocessflowdiagrams,input/outputstreamdata,operating

conditionsand requirementsaregivenforeachunit.The plant

demonstrationprogram and startup provisions,the environmental

considerationsand control,monitoringand safetyfactorsthatare
consideredarealsoaddressed.

The projectdesigninthisreportisdescribedtotheend oftheBudget

PeriodI(September,1991).Any furtheralterationsormodificationswillbe

coveredunder non-proprietaryTopicalReports.

Proprietaryversionsoftheinformationcontainedinthisreportdoexist

and were citedand disc1_ssedduringProjectReview Meeting#2 heldon

April3,1991inPittsburgh,USA.
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ACRONYMS

AEP American Electric Power
B&W Babcock and Wilcox
CCT Clean Coal Technology
CFB Circulating Fluidized Bed
CIPS Central Illinois Public Service Company
DCS distributed contro! system

EPA Environmental Protection Agency
EPC engineering, procurement, construction
EPRI Electric Power Research Institute
ESP electrostatic precipitator
FGD flue gas desulfurization
HHV higher heating value
IDENR Department of Energy and Natural Resources
IGCC Integrated Gasification Combined Cycle
MCR maximum continuous rating
NF_S National Emissions Data System
NEPA National Environmental Policy Act
NFPA National Fire Protection Association
NRECA National Rural Electric Cooperative Association
NSPS New Source Performance Standards

SCR selective catalytic reduction
SIPC Southern Illinois Power Cooperative
UCC United Conveyor Company
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UNIT ABBREVIATIONS

Btu British thermal unit
°F degrees Farenheit
in. inches
R foot
ft3 cubic footii

t_Js feet per second
ft/m feet per minute

* gpm gallons per minute
h hour

hp horsepower
iwg inches of water gauge
k 103
klb Z03

- kW kilowatt
= kW* h kilowatt hour

lb pound
M 106
m meter

}_m 10m6meter
= MBtu 108Btu

MW megawatt
MWe megawatt (electrical)

ppm parts per million
psia pounds per square inch absolute
rpm revolutions per minute
s second

" scfm standardcubicfeetperminute

W watt

= . wt.% weightpercent
i
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I. INTRODUCTION

I.I SIGNIFICANCE OF CYCLONE RETROFIT PROJECT

The United States (US) Department of Energy (DOE) has awarded

TransAlta Resources Investment Corporation a Clean Coal

- Technology II Cooperative Agreement for a retrofit demonstration of
TransAlta's Lcw NOx/SOx (LNS) Burner on a cyclone boiler. The project,

, titled Low NOx/SOx Burner Retrofit for Utility Cyclone Boilers, is the first

commercial scale demonstration of the LNS Burner on a utility boiler.

Firing a high-sulfur bituminous coal, the technology will be operated in

a conventional commercial power production environment by utility

operators.

The significance of this demonstration project is to provide

performance and environmental information on a fresh technology that

promises to mitigate acid rain emissions _'_romcoal utilization. The project
will assist in the further commercialization of the LNS Burner technology

for ali coal-fired utility power plants.

In addition to the technical aspects, the project has brought together

government, utility, and private sector interests in the development of a

fresh emissions control technology. This partnership is deemed essential

for innovative concepts, so they may be proven at a large enough scale to

enable the technology to be accepted by the utility industry as a reliable

answer to the future US Clean Air Act requirements.

Further, participation by the DOE's Innovative Clean Coal Technology

. (CCT)Round IIwas essentialtoenablethisprojecttoproceed.The

financialsupportprovidedby theCCT Program and thecooperativeefforts

ofDOE workingwithprivateindustryhave openeda new eraforsimilar

futureenergyventures.

1,r .... • ,
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1.2 _ OF DESIGN _RT

The purposeofthisdesignreportis_ consolidatetheinformation

developedduringthedesignphaseofthisprojectand provideitina

formsuitableforpublicinformation.The reportcontainsbackground

irXormationand an overviewoftheprojectas wellas an economic

assessmentand costdata fortheLNS Burnerappliedtooperating

utilityboilers.The reportwillsupplementand clarifyotherreports

and information concerning the project.

The scope of the report is limited to nonproprietary design information.

Therefore, its content is insufficient to provide a complete tool in designing

a LNS Burner retrofit for a utility cyclone boiler. Nevertheless, it serves to

identify the design considerations involved in the retrofit activity that would

be required for the retrofit of a large operating utility cyclone boiler.

I_3HISTORY OF PROJECT

Operatingcyclone-designboilerscompriseonlyabout26,000M-W of

generatingcapacityintheUnitedStates.The typicalcycloneboilerfiresa

high-sulfurbituminouscoalathigh temperature,which resultsin high

SO2 and NOx emissions.Theseboilersaregenerallyolderunits,

predecessorswithrespecttoemissioncontrolregulations.The netresultis

thatthisrelativelysmallfractionofcoal-firedutilitygeneratingcapacityis

responsiblefora disproportionateshareoftotalutilityboileremissions.

New environmental regulations are anticipated for all coal-fired .¢

boilers. Clearly it would not be economical to fit conventional emission

control equipment to the older cyclone units. What is needed then, if these

units are to be kept in service, is a low-cost retrofit option. The LNS Burner

may be such an option.

To investigate the LNS Burner for cyclone boilers, TransAlta

Resources Investment Corporation initiated a retrofit feasibility study. The

impetus for the study was the LNS Burner's demonstrated strong control of

SO 2 and NOx emissions and its apparent fit to existing cyclone boiler
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designs. The LNS Burner's combustion process operates at the very high

temperatures of the cyclone and produces a similar slag product.

Therefore, the LNS Burner may offer a low-cost retrofit option that would

assist the utility industry in their emission control programs and likely

extend the economic life of the older cyclone units tha_ must meet new

Clean Air Act requirements.

" The study was initiated by TransAlta in Decerrtber 1987 with the

organization of an Operating Committee from utility cyclone owners. The

" listed companies provided representatives to guide the study and sponsored
the work:

• Baltimore Gas & Electric Company;

• Union Electric Company;

e Wisconsin Power & Light Company; and,
• Electric Power Research Institute.

The study was managed by TransAlta with engineering support from

Bechtel Power Company, Riley Stoker Corporation, and E. M. Griffin Inc.

Throughout the program, representatives from the utility and technical

organizations provided their expertise and participated in the design

reviews The result of the study was a strong endorsement by the Operating

Committee to continue the program _th a retrofit demonstration project.

Therefore, the engineering activity was accelerated to prepare a proposal to

the DOE Clean Coal Technology Round II solicitation.

Of the 54 proposals received by DOE, the Low NOx/SOx Burner Retrofit

. of Utility Cyclone Boilers was one of 16 selected for a cooperative agreement.

The cooperative agreement provides for DOE to cost share up to 50% of the

project costs, with private sector funding making up the balance. With thep

notice of awar_, TransAlta in association with the funding parties formed

an organization to provide guidance and funding for the project.

The project was officially announced in October 1988. Preaward

activity commenced immediately to prepare the environmental

documentation necessary for the approvals that are required by the

National Environmental Policy Act (NEPA). Engineering design was
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initiated'inJanuary 1990.Constructionmobilizationcommenced in

May 1990.The CooperativeAgreementwithDOE was signedJune 14,1990.

The projectisnow expectedtobe operationalinmid 1992,withcompletion

in 1993.

1.4PROJECT _ AND OBJEC_

The projectconsistsoftherequirc_dplanning,design,permitting,

equipmentretrofit,demonstration,and subsequentreturntoserviceofthe

LNS Burner on a 33-MW utility cyclone boiler. Two LNS Burners, sized at

200 MBtu/h, burning a high-sulfur (nominal 3.2%) bituminous coal, will be
retrofitted to the unit 1 boiler (host unit) at Southern Illinois Power

Cooperative (SIPC) Marion Station near Marion, Illinois.

The primary objectives of the project are to demonstrate the
LNS Burner as retrofitted to the host unit for effective, low-cost control of

NOx and S02 emissions while firing a bituminous coal.

The specific performance objectives for the project are to:

• Retrofit a utility cyclone boiler using the technology.

• Evaluate the long-term durability, operability, and reliability of the
LNS Burner in a utility environment.

• Demonstrate the LNS Burner's control of SO2 emissions against a
criterion of 70% or greater S02 reduction when burning high-sulfur
midwestern bituminous coals, with a project goal of meeting the New
Source Performance Standards (NSPS) of 90% SO2 reduction.

• DemonstratetheLNS Burner'scontrolofNOx emissionswith a project
goalofNOx emissionslessthan0.2Ib/MBtu(or150ppm) when
burninghigh-sulfurmidwesternbituminouscoals.

° DemonstratetheLNS Burner'seffecton cycloneboilerfull-loadheat
rate.

= 1.5 SCHEDUI_ AND KEY TASKS

The project schedule in Figure 1 shows the sequence of engineering,

procurement, and construction activities and is an integral part of project
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planningand management controls.Work detailsaregeneratedfrom this

document tocontroltheprojectteam members' The schedulealsodisp_0ays

projectscope,majoractivitydurations,activityprogress,and major

milestones.

The m_jortasksand activitiestoconducttheprojectaredescribedin

detailintheStateofWork (SOW),AttachmentA, oftheCooperative

Agreement and aregenericallyas follows:

• Manage PrQ.ject:The projectmanagement criteriarequirecompletion
" oftheprojecton sc2_edtdeand witltinbudget.Performance

measureme_t _ll be establishedwithmanagement reports.

• Engineering: Designand engineeringcriteriaincludethetimely
completionofpreliminalryand de_::_ileddesign,equipment
specifications,and procurementpackagesforeqmpmenL and
construc_on.

• Secure Permits: Perrcittingcriteriaincludeobtainingtherequired
permits,certifications,and licensesforconstructingand operatingthe
hostunitwiththeLNS Burner.

• Procurement and Fabrication:Izlcludestheprominent of
equipment,materials,and servicesneededtofabricatetheLNS Burner

: and retrofitthehostunit.

• Construction: Constructioncriteriaincludemaking thenecessary
modificationsforthehostfmitretrofit,developing/modifying
documentedproceduresand plm_sforoperation,determiningthe
operatingcharacteristicsofthehostunitretrofit,and preparingthe
hostunitfordemonstrationtests.

• StartUp: Start.,up criteriaincludecheck£ngouttheretrofit
installation,performingallrequiredstartup testing,reviewingthe

" existingO&M manuals ofthehostunit,developingplansforplant
startup and forconductingdemonstrationoperations,and training
plantoperatingpersonnel.

• Testing: Includesdemonstratingtheoperatingcharacteristicsofthe
retrofit_dtec_mologyon thehostunit,compilingroutineand special
demonstrationoperatingdata,analyzingthesedatainordertoguide
plantoperation,documentingthedemonstrationprojectand its

, findings, and drawing conclusions on the effectiveness of' the
techuo!ogyin limitringemissions.
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• Host Unit Return to Servioe: Return to service criteria include
identifying and implementing a plan for returning the host urdt to
commercial power generation status.

• Baseline Testing:. Baseline testing includes obtaining baseline data
and engineering data to establish the operating characteristics of the
host unit.

• Reporting: Reportingcriteriaincludecomplyingwiththereporting
requirementsaslaiddown by theDOE.

1,6 PROJECT FUNDING PARTIES

The project is cost-shared by TransAlta together with DOE and the

other funding parties, which are listed below:

• StateofIllinois;Depa1_._cu_cJ_._:_'gyand Na_,uralR_sources
(IDENR) withfm_din__._'_._,,'__:i!__,_,,'_oalBond Fund;

• NationalRuralElects_cC,;,o!;_r_i_!_,i:_,_:_:_,_oc_e.tion(NRECA);
representedby Associ_!!,_;_Eh!_,:__,"i,_,:_C_:_.),_,,rs_ive,Springfield,MO;

• BaltimoreGas & Electr_::Co_up:t_:_y,i_t_,_ICi.:_._vre,MD; and,

• CentralIllinoisPublicSer'_,d_eComp_y (CIPS),Sprino-_eld,IL.

The roleplayedby eachofthefundingpartiesisdescribedbe:,ow.

1.6.1 US Department of Enexgfs Role

DOE, as a fundingparty,monitor'sallaspectsoftheprojectand grant

ordeny approvalsasrequiredby thecooperativeagreementbetweenthe

DOE and TransAlta.

1.6.2 Illinois Department of gy and Natural Resources' Role

- IDENR, as a fundingparty,providesa supportrepresentativeto

monitortheprojectand be cognizantoftheprogram status;receive

informatiouand statusreportson theLNS Burner'performance;and report

totheStateofIllinoisutilitycycloneo_mersresultsoftheproject.
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1,6.3ElectricPower ResearchInstitute's Role

EPRI, as a funding party, provides support, and technicai advice to

document the boiler performance and emissions monitoring of the proj0;ct

based on their experience with fossil energy system demonstrations.

. 1_4 National Rural Electric Cooyj_z-ative Association's Role

NRECA, as a funding party with responsibility to the US rural power

grid, has designated a member utility, Associated Electric Power

Cooperative, to monitor the project and provide guidance from their

experience as a cyclone boiler operator.
!

1.6.5 Baltimore Gas & Electrlc's Role

BaltiJ_ore Gas & Electric, as a funding party, provides tl:..eproject

guidance from their experience as a cyclone boiler operator.

1.6.6 Central Illinois Public Service's Role

CIPS, as a funding party, provides the project guidance from their

experience as a cyclone boiler operator.

1.7 ORGANIZATION OF PROJECT AND MANAGEMENT

1.7.1 Technology Management
=

TransA]ta Resource_ Investment Corporation, located in Ca]gary,

" Alberta,Canada,isa nonregulated,whollyowned subsidiaryoftheparent

_ utility,TransAltaUtilitiesCorporation(-4000MW on coal).This

: subsidiaryhas formed a US corporation,TransARa Technologies,Inc.

(TransAlta)with officesinbothCalgaryand Woodland Hills(in

Los Angeles),California.TransAltaprovidesprogram management,

: implementstheproject,and isthecontractorganizationtoDOE. Figure2

zden_fiesthe projectorganization.TransAltaprogram manager oversees

o theoverallprogram withsupportoftwo teams. A technologymanagement

team providesibrtheintegratedLNS Burnerdesign.A contractsupport

l
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team provides the necessary balance ofplant engineering, contract support,

site coordination, and construction. The following companies provide

support with specialists in each field:

* Dykema Engineering; Owen Dykema, LNS Burner technology;

• Riley Stoker, LNS Burner fabrication and installation, including boiler
modifications and host site support;

* E.M. Griffin, Inc., cyclone boiler consultants; and,

• Bechtel Power Corporation, balance of plant engineering and
construction.

1.7.1.1 TransAlta Technologies Role

Reporting to the program manager, the TransAlta project manager

oversees and coordinates the engineering, construction, and demonstration

phases of the project. The technology management team coordinates the

LNS Burner design and calls on specialists from Dykema Engineering;

E. M. Griffin, Inc.; and Riley Stoker Corporation for specific details.

TransAlta is responsible for the following:

• Develop the LNS Burner criteria;

• Coordinate the LNS Burner design and engineering;

• Provide LNS Burner start up and test criteria;

• Analyze and interpret all demonstration data;

• Provide technical data for permitting and licensing; and,

• Providereportingand acco_mtingfortheprogram.

1.7.1.2 Bechtel Power Corporation's Role

Bechtelprovidesthecontractsupportmanagement forthebalanceof

plantengineering,construction,and conductthetestingprogram. The

contractsupportmanager isresponsibleforallassignedtaskson thehost

siteincludingplans,organization,and stairnecessarytocompletethe

work.
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The majorresponsibilitiesofthecontractsupportteam manager

are to:

* Ensure that the project team operates in conformance with project
directives and policies, instructions, and guidelines;

* Assure that the project will meet all cost and schedule objectives;

" * Evaluateregularlythedeliveriesrelativetoschedule,thecostof
commitmentsagainstbudget,thequalityoftheproductsfurrRshedby
the suppliers;

. Monitortheconstructionefforttoensurethatjobproceduresare
followed;

o Manage constructionmanpower, materials,and equipment tomeet
engineeringand designrequirements,costs,schedule,and quality
objectives;and,

. CoordinateallhostsitefunctionswithSIPC.

Engineeringand procurementfunctionsreportdirectlytothecontract

supportmanager locatedin Gaithersburg,Maryland. The construction

and demonstrationtestorganizationsarelocatedinMarion,I11inois.

The Bechtelconstructionorganizationisheadedby a construction

manager,who isresponsibleforallconstructionactivityusingdirecthire

personnel,contractpersonnel,ora combinationofboth.The construction

manager has key individualsreportingtohim inthefollowingtypical

areas:craftsupervision,fieldengineering,costand scheduling,field

procurement,and contractsadministration.The qualitycontrolfunctionis

" alsounderthedirectionoftheprojectfieldengineer.Modificationstothe

cycloneboilerand installationoftheLNS Burnerwillbe underthe

supervisionoftheRileyStokersitemanager reportingtotheBechtel

constructionmanager.

A demonstrationmanager isresponsibleformanaging and

conductingthedemonstrationphaseoftheprojectinaccordancewith the

DemonstrationPlan. Thisincludesequipmentbaselineinspections,

operationalreadinessplansand inspections,premodificationperformance

,11_'IIIl'lrl'll' Ilqlf ' _"11 ' ,1" ' 'q irllelr, ql lr ,,, ql lte1 I III1 iPlP r _ll, j lie I i I'lr rillP llrql' _ Illll_'lllI , II Plr,, I_,_'_ ,11, , TIl i_1 , i r
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and air quality testing, and the postmodification demonstration tests. He is
responsible for all demonstration interface activities, the unit operational

plans, and coordination of all reporting and data requirements.

Performance of all contracts for testing and inspection is also under his

direction. He is assisted by direct hire personnel, contract personnel_ or a
combination of both.

1.7.L3 R0ey Stoker Co_tion's tk_le

Riley Stoker Corporation report to both the technology management

and the contract support teams with specific roles in each area. As a

member of the technology management team, reporting to TransAlta, Riley

Stoker provide:

• Process flow, logic, and control system design;

• LNS Burner detail engineering and fabrication drawings;

• Pulverizer, fuel feed, and support systems design;

• Computer flow modeling studies as required; and,

• Boiler expertise for all burner boiler interface criteria.

As a member of the contract support team reporting to Bechtel, Riley

Stoker will fabricate and install the LNS l_urner and perform the boiler

modifications to complete the retrofit. In this role, Riley Stoker will

perform the following:

• Provide detailed engineering for the boiler modifications;

® Provideand installtheLNS Burner;

• ProvidesupporttoBechtelengineering;

• ProvidesupporttoBechtelconstruction;

• ProvidesupporttoBechtelstartup and testgroup;

• Providepv]verizerand fuelfeedequipment;

• Provideboilermodifications/components;

• Analyzeboilerperformancedata;and,
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• Interface and train SIPC Operation and Maintenance personnel

concerning LNS Burner/boiler operation.

1.7.1.4 Southern Illinois Power Co_pe_tlve's Role

Under contract to TransAlta, SIPC have provided the host unit for the

" t. projec . In this major role, SIPC will:
Operate the host unit as required;

• Participate in all project review and planning meetings; and
" * Provideservicesnecessaryforsupplyingfuel,disposingofash,and

generatingpowerintheoperationofthehostunit.

1.7.1.5 E. M. Griffin Inc.'s Role

E.M. Griffin Inc. report to the technology management team with

personnel and technical expertise for design, operation, and testing of the
Babcock & Wilcox _clone boiler.
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2. OVERVIEW OF PROJECT

The project consists of integrating a fresh combustion technology, the
LNS Burner, with a well established boiler design, the cyclone boiler, on an

operating utility power plant, the unit I of Southern Illinois Power

Co-operative. This discussion outlineli_the engineering steps to retrofit the
" LNS Burner and then provides background on three key subjects.

Appendices are provided for specific details on the cyclone boiler population
" and the Marion Plant host unit. Subsequent sections discuss the

integration of the cyclone boiler with the LNS Burner technology.

The LNS Burner technology employs a simple innovative combustion

process that achieves substantial sulfur dioxide (S02) and nitrous oxides

(NOx) control during the combustion process when burning pulverized

coal. This technology thereby achieves control of the two major precursors

to acid rain identified by the Clean Air Act. The LNS Burner also operates

at high temperatures, thus maintaining the potential for high-efficiency

electrical generation, for equivalent reduced carbon dioxide emissions.

2_1 LNS BURNER RETROFIT SEQUENCE

In addition to S02 and NOx control, the LNS Burner's operation as a

slagging burneris a feature that makes the retrofit of cyclone boilers an

attractive application. As most of the infrastructure is in place, the

LNS Burner may be adapted to the existing cyclone boiler design with a
. minimum of work. Figure 3 shows the necessary modifications

schematically. The preliminary engineering studies anticipate that the
installation of this equipment can be fitt.ed to the existing plant without

major modifications to the building structures. The study assumes the coal

preparation equipment is located adjacent to the plant building.

The design details for each LNS Burner retrofit will differ to fit the

particular boiler and plan area/layout of the plant. Generally, the changes
to retrofit the cyclone plant are summarized as:
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• Modifying the cyclone boiler with the LNS Burner and overfire air.

• Reworking the coal preparation and conveying __ystem with a coal
pulverizer to replace the crushed coal system.

° Providing a silo and metering system to add limestone and other
additives to the coal.

The primary purpose of the Li_S Burner retrofit project is to provide
control of the S02 and 1NOxemissions from the cyclone furnace. Table 2-1

summarizes the performance goals with the LNS Burner *_ make a
successful conversion demonstration.

Table 2-1 INS Burner Retrofit Goals
---- I I I _ IF ! I Iii i I _ ill I Ii Ii li

Item _I_IL_"_ i iilll i

Size (_tu_) 200 200
Turn down 2:1 2:1
Sit,lily ash split (%) 60/40 8(F_

Emissions at the stack (lb/MB_u)
S02 5_85 1.76
NOx 1.35 0.2
Particulates 0.I 0.I

Opacity, (%).............. <20 <20 i

Thereareseveralstepstofollowindesigninga retrofitapplicationof

theLNS Burner°The designapproachfirstestimatesthecoalqua:_tity,its

quality,and theoverallboilerheatrequirements.With thisinformation,

the air and coal flow rates and the quantity of additives, such as limestone,

are determined. In some cases, particularly for western subbituminous

coals, the coal's calcium content is nearly adequate for the LNS Burner's

sulfurcontroland littleorno additionallimestoneisrequired.However,

high-sulfurbituminouscoalshave verylittlecalcium,and nearlyallthe

requiredamounts must be added.Therefore,theneed forcoaladditives

affectstheoverallLNS Burnerdesign/controlconfiguration.Once thefuel

and additivesarespecified,theLNS Burnercanbe sizedtoprovideboththe

unitperformanceand theemissioncontrolrequirements.Finally,the

burner'scontrolrequirementsareintegratedwiththeboilerplant,thus

completingtheretrofitconfiguration.
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2.2 LNS BURNER TECHNOLOGY

The LNS Burner was conceived in 1979 as the result of theoretical

combustion work done at Rockwell International. This theory predicts that

both the sulfur and the nitrogen compounds formed from burning coal can

be reduced to zero in the combustion step. A s_ries of concept verification
z_

tests followed by more prototypical burner tests have verified the underlying

theory of the LNS Burner. TransAlta Resources Investment Corporation

" acquired the LNS Burner from Rockwell in 1986. TransAlta has now

undertaken the task of commercializing the technology for the utility

industry with an appropriate series of demonstration programs.

2_1 Sulfur Control

Although the LNS Burner is classed as a slagging combustor, its
primary purpose is the simultaneous control of S02 and NOx emissions to

very low levels. The process schematic of the LNS Burner provided in

Figure 4 illustrates the following steps.

The LNS Burner involves high,temperature, fuel-rich combustion.

Generally, the LNS Burner operates as a gasifier in that a large fraction of

the coal is gasified, thus releasing the coed's sulfur into the gas stream.

Under these conditions, the sulfur is captured by calcium (using a 2:1 Ca/S
ratio) that is inherent in the fuel or that is added to the coal in the form of

limestone. The captured sulfur is retained as a solid in the coal ash. In

addition, as the operation is at very high temperatures, the ash is molten
" and a simple fly ash separator at the end of the LNS Burner can be

employed to remove a major fraction of the ash as a slag product. All of
- these operations are carried out in the burner. No solids or other fuels need

be injected downstream into the boiler, and no flue gas scrubbing is

necessary.

NOx Control

The nitrogen in NOx generated during coed combustion is derived from

two sources: high-temperature oxidation of the nitrogen in the air

t l

'r l_ M ' _{l ' l' ' li P_ II' P l l_ ',r, + ,
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(so-calledthermalNOx) and conversionofthenitrogenchemicallybound in

thefuel.The two conversionprocessesarequitedifferent.Inthethermal

mechanism,theformationoftheNOx frSm nitrogenintheairisvery

sensitivetocombustiontemperature.At normalflametemperatures,the

rateofformationoftherma/NOx isquiteslow.Therefore,attemptsto

controlNOx formationviathethermalmechanism arebasedon two well

understoodapproaches:

* Reducethete,_perature(thethermalNOx formationrateisvery
sensitivetotemperature);and.

* Pass thruughregionsofhightemperatureinthecombustionprocess
quickly(therateofformationofthermalNOx isslow)toavoidNOx
formationeven inthoseregions.

However, the mechanism by which fuel-bound nitrogen is converted to
NOx isnotwellunderstood.Rockwellwas oneofthefirsttostudythe

conversionoffuel-boundnitrogentoNOx inflamesand toobservethat

NOx formationby thismechanism isveryfast.NOx formationoccursatthe

same timeand atthesame rateastheformationofCO and CO2. Sinceitis

theintentofcombustiontoburna hydrocarbonfueltoCO2,itbecomes

almostaxiomaticthatNOx oritsprecursorswillbe formedby the

conversionoffuel-boundnitrogen.Therefore,theapproachtoNOx control

followedintheLNS Burnerinvolvesdrivingas much ofthenitrogenas

possibleoutofthefuel,intogaseousnitrogenousspecies,and then

providingcombustionconditionsunderwhich molecularnitrogenisthe

thermodynamicallypreferredform ofnitrogen.

The importanceoftheconversionoffuel-boundnitrogeninthe

formationofNOx dependson thefuel.With naturalgas,thereisno

nitrogenchemicallybound inthefuel,and NOx resultsentirelyfrom the

oxidationofnitrogeninthecombustionair(thethermalmechanism).With

coal,however,where thenitrogencontentmay be ashighas 1.6wt.% ofthe

fuel,NOx resultsalmostentirelyfrom theconversionoffuel-bound

nitrogen,lthas been estimatedthatNOx from thecombustionofpulverized

coalina utilityboilerisabout85 to100% fromfuel.boundnitrogenand only

0 to15% fromthermalNOx. The very.highNOx observedinthecyclone
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furnace,however,isverylikelytheresultofboththeconversionof

fueZ-bour_dnitrogenand additionallargethermalNOx generation.

Equilibriumcombustioncalculationsforalmostallhydrocarbonfuels

show thatthereisa ratherbroadrangeofstoichiometryaround0.6in.

which thethermodynamicallypreferredform ofnitrogenismolecular

. nitrogen.Above this"window,"NOx levelsbecome significant.Below this

window,theprecursorsofNOx (HCN and NH3) become significant.Thus,

any gaseousnitrogenthatmay e_istwhen thecombustionstoichiometryis

broughtintothiswindow must,by definition,be in"superequilibrium"

(i.e.,levelsabovethatrequiredby equilibrium).Under theseconditions,all

chemicalkineticsthatdeterminetheequilibriaofthesenitrogenousspecies

are"rtmning"indirectionsleadingtothe conversionofthesenitrogenous

speciestomolecularnitrogen.Since(harmless)molecularnitrogenisthe

desiredmtrogenousfbrm,itishighlydesirablethatgas temperatures,

undertheseconditions,be ashigh aspossibletohastenthisconversion

(destruction)tomolecularnitrogen°High gas temperatures,limitedonly

by practicalmaterialscapableofcontainingthe high-temperaturegases,

area majordesignrequirementfortheLNS Burner. Thesetemperatures

arealsoabovethemeltingtemperaturesofmost coalashes.

FlyAshSeparation

Inapplyhzgtheburnertotheconversiontocoalofa boilerdesignedfor

ge,oroil(andinthetightcyclonedesign),however,itisdesirableto

remove most oftl_ flyash beforeitentersthefurnace.TransAlta'sdc_sign• forthisisbasedon a simple,low-pressure-drop,impact-typeslag

_eparat_r,inwhich a seriesoftubesextendverticallythroughthegas

, stream.The hotgasesarerequiredtotravela tortuouspaththroughthis

staggeredarrayoftubes.Alongthispath,thelargerparticlesarespun out

ofthegasesand st:ikethetubes.Sincetheparticlesareliquidwhen they

striketheseparatortubes,theyadheretothetubes,run down,and can be

removedby a slagtapatthebottomoftheburner.With thisdesign,itis

expectedthattheremainingflyash particlesconveyedthroughtheboiler

willsolidifyrapidlyintheradiantsectionand be toosmalltoimpingeand
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e-rode the boiler superheater tubes. Figure 5 shows a cross section of the

slag screen concept.

2._.4 Final Combustion

By the time that solids and gases have reached the end of the
LNS Burner, ali sulfur control processes, conversion of solid and gaseous

nitrogenousspeciestoN2, and themeltingofthesolidshavebeen

accomplished.In addition,particularlyunderthesehigh-temperature

conditions,about90% ofthecarbonhasbeenburnedouttoCO and CO2.

The combustiongasesareathightemperature(abovethefluidtemperature

oftheash),and highinCO and Hs. SOs and NOx concentrationsarevery

low. ThesefuelgasesexitingtheLNS Burnerstillcontainsome freecarbon

and ash asfinelydividedflyash. Finalcombustiontakesplaceintheboiler

furnacewithadded over-fireair,Inthefurnace:

* The remainingsolidcarbonisburnedout;

* CO and H2 isburnedtoC02 and H20; and,

* The moltenflyashCoolsand solidifies.

In the final stage of combustion, in the furnace, after all (excess)

combustion air has been added, the remaining major combustion process

requiring special attention and control involves final burnout of CO to CO2,
while simultaneously limiting th_ formation of any new NOx via the

, thermal mechanism. This process is present in ali combustion systems

and furnaces even if the fuel is natural gas or low-nitrogen off. The

techniques for burning out CO to CO2 without forming a great deal of NOx
arewellknown and have beendescribedintheliteratureformore than a

decade.The same techniquesareusedingasturbinecombustionand

many otherkindsofgas flamecombustors.At temperatu_vsbetween

28,0,0and 3100°F, CO (and H2) burnout is a moderately fast process, while

the NOx formation rate is fairly low. Thus, the technique for burning out

the CO and Hz in the gases in the furnace without forming appreciable new

NOx is to complete the combustion very quickly while the gas temperature

is in this range.
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.In the LNS Burner, this is accomplished by controlling the point in the

furnace where the final excess air is added. Since the combustion gases

e_,te.ring the furnace from the LNS Burner are very hot, adding the final
excess air at the burner exit can yield combustion temperatures above
3100°F. Therefore, the addition of the final air is delayed until heat

. rejection from the burner gases to the working medium (boiler walls) cools
the gases to about 2800°F.

- As a resultofthisCO burnouttechnique,themaximum gas

temperatureintheearlypartoftheboilermay be a few hundred degrees

Fahrenheitlowerthan normal.Thisisunavoidableand isnota functionof

theLNS Burner characteristics.Regardlessofburnerorfuelaspreviously

stated,any combustionsystemfbrthermalNOx controlmust avoidvery

hightemperaturegasesand slowgas cooling.

2_5 LNS Burner PilotScaleTestPedorm_moe

A pilotscaleprogramwas initiatedin 1982todevelopempirical

informationnecessarytodesign,withreasonableunderstandingand

confidence,a Burnerfora fullscaleoperatingutilityboiler.

A pilotscaleTestFacility,withoutaboilerbutwitha 25 MBtu/hr

Bm'ner operatingatatmosphericpressure,was builtnear Los Angeles,

California.Figure6 showsa photographofthisfacility.The program

testingwas conductedbetween1982 and 1986.A number oftestswere

conductedfiringboth sub-bituminousand bituminouscoals.While the

- testingwas forrelativelyshortoperatingperiods,theLNS Burner's

performancecapabilitieswere fullycharacterized.Basically,all

. requirementsfora practicaland effectiveLNS Burne forsub-bituminous

coalswas demonstratedatthepilotscale.Simultaneous70% SOs and

80% to90% NOx reductionwere demonstratedwhileachievingover

95% carbonburnout.

Testingand developmentwithbituminouscoalwas lesscompletethan

withsub.bituminouscoals.NOx emissionswere reducedby 85 to90% while
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S02 was reduced only about 50% for the same carbon burnout of 95%. On an
individual test basis, 50% SOs capture was achieved, identifying the need

for further development to achieve consistent high sulfur capture.

Based on the pilot scale tes_ (no boiler) and on extensive studies of
thermal NOx formation in utility boilers, it was estimated that no more

than 50 to 100 ppm of NOx would be generated in the boiler. With the

planned use of over-fire air, it was estimated that not only will no new
thermal NOx be formed in the boiler but NOx levels at the burner exit may

actually be reduced. It was therefore estim-ted the NOx emission goal of

150 ppm (0.211WMBtu) out the stack would be met.

2.2.6 LNS Burner _ SeImrator Performance

Tests were conducted during the Pilot-_e Program to evaluate the

sla_ separator design. The design objective was to obtain approximately

80% removal efficiency with only a few inches of water-pressure drop with

resulting fly ash particle sizes less than 10 mm_ The concept tested in the
Pilot Scale Test Facility (see Figure 6) consisted of water-cooled tubes

extending vertically through the gas stream. These specially designed
tubes were studded and coated with refractory to provide a surface for the

slag to freeze on. The frozen slag protects the tube from the entrained ash.

A slag tap downstream from the separator drained the collected slag. The

slag formed a protective glassy coating on the surface of the water-cooled

tubes. The photograph in Figure 7 shows the upstream face of the slag

screen. The slag separator efficiency demonstrated during tests with both

sub-bituminous and bituminous coals on the Pilot-Scale Test Facility I

averaged 81.3%. Pressure drop across the slag screen was generally steady
at 3.5 in. of H20. In some cases where the pressure drop increased, the

burner combustion temperatures were simply increased. With the higher

temperatures providing a more fluid slag, the pressure drop returned to
normal.

p
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2._.Y LNS Burner Demonstratlon on au Industrial F_iler

The first industrial demonstration of the Burner was initiated in late

1988. The LNS-CAP Project (Low NOx SOx Coal Application Pilot Project),

located at Esso Resources Canada Mahikan heavy oil recovery site near

Cold Lake, Alberta, Canada is a new facility with a 50 MBtu (3T/hr coal)
m

LNS Burner and a heavy oil recovery steam generator. This facility was

built to demonstrate the feasibility of using the LNS Burner to convert the

" existing natural gas fired steam generator to coal. This requirement

dictated a vertical configuration of the Burner, in order that conversion

would be carried out within the restricted footprint of an existing steam
.,

generator. It also dictated that the steam generator be designed similar to
a typical gas fired unit, i.e., generally not designed to handle coal ash.

Performance goals for this demonstration included, in addition to

S02 and NOx control, goals for carbon burnout, ash removal from the gas

stream before entering the boiler, slag tap operation, refractory durability,
and both burner and boiler operability.

The project completed demonstration _esting of a Western low sulfur
sub-bituminous coal in September 1991.

2.2.7.1 LNS Burner Performance and Lessons Lem-ned

The project encountered engineering challenges relating to tapping

of the slag, loss of refractory in the burner, fouling in the steam generator
and coal and air flow control.

The original design of the slag tap was small, and for mechanical
,i

reasons was offset from the centre of the burners. As a result, relatively

large amounts of heat was lost from the tap. In the early stages of

operation, slag tap "freezing" was experienced.

During the early operation of the Burner the refr_ctory was being

washed away and mixed with the molten slag. This significantly raised

the freezing temperature of what was now a slag/refractory mixture and
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IBadecontinuousslagtappinga challenge.A new largerimprovedslag

tapwas designedand installed.The detaileddesignoftheretrofitburner

was reviewedand theknowledgegainedon theslagflowcharacteristics

was incorporatedinthecycloneretrofit.

The originalchoiceofrefractorywas basedon experiencegainedin

pilotscaleprogram(referSection2.2.5).Thischoiceprovedtobe
p

incompatiblewiththecoalburntintheLNS-CAP Project.An intensive

program was initiatedtounderstandthechemistryoftheslag/refractory

interaction and to identify suitPble refractory materials. A set of potential

candidate refractories were selected and sample panels of each were

installed in the burner to verify durability over a test run. Based on this

experience, a majority of the original refractory was replaced.

With the new refractory in place and with the new design of the slag

tap, no more problems were experienced in tapping the slag. Final

selection of the refractory for the retrofit is based on the lessons learned on

the LNS-CAP Project.

Emission goals for the LNS-CAP Project, are compared below in
Table 2-2:

Table 2-2 Emission Goals for _AP
III III , i i, ii

Canadian

Emission Pro_ect Goal Delivered Coal Guidelines*I IINIII I _ nn I

SOx lb/MBtu (ng/J) 0.3 (129) 0.5 (215) 0.6 (258)
NOx lh/MBtu(ng/J) 0.2 (86) 0.6(258) 0.6 (258) "

I I__'z-- II I 'r 1111I Ill

* For Canaclian utility, Power P!ants ....

The measured emissions from the project have been better than the
project goals. NOx control has been clearly demonstrated. Operating the

burner to achieve NOz level below project goals was easily accomplished.
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Coalsulfurlevelsprovedtobequite_ariable.Sincemeasurements

were takenonlyon a spotbasis,thecontinuouspercentsulfurcapturehas

beendifficulttoquantify.To date,ithasnotbeenpossibletoidentifythe

sulfurintheslag.ltispossiblethatthesulfurlocatedwithintheslagisa

verycomplexmolecularstructure,butthishas proveddifficulttoverify.

. Until the sulfur is identified in the slag, the sulfur balance cannot be

accurately completed. Therefore, at the time of writing this report, the

analysis of the sulfur capture is inconclusive. Future developments in this
"4

area may necessitate changes to the retrofit design.

Carbon burnoutachievedintheLNS-CAP projectwas greaterthan

99.9%,withonlyabout0.1% carbonmeasured intheflyash.

Accurate coal and air flow control also proved to be an important

criteria for proper Burner performance. These flows will be readily

managed by a Distributed Control System (DCS), configured in the retrofit
design.

At the time of writing this report, testing at the LNS-CAP project has
been concluded• However, data analysis has not been completed. The

results of the analysis may affect the final design of the retrofit burner.

2.3. CYCLONE BO_ DEMOGRAPHICS

Cyclone-firedboilerunitsareusedwidelyintheMidwest for

generatingsteam,primarilyinlargeelectricpower plantsbut alsoby

. industryand largeinstitutionsforpower generationand/orsteam supply•

Cyclone-firedprimarysteam generatingcapacitytotalsapproximately

. 9% oftotalsteamgeneratingcapacityintheUnitedStates.Cycloneboilers

have traditionallybeen labeledhighNOx emitters,and coal-firedcyclone

boilerscontributenearly20% oftotalNOx emissionsfromallcoal-fired

utilityboilersintheUnitedStates.1

_.,_,._:,_hcabdityof NOX Combustion Modifications to Cyclone Boilers
(Furnaces), EPA Report No. EPA-600/7-77-006, January 1977.
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2_.1 Cyclone Botlm- Definition

There are several types of coal-fired boiler designs in use by the utility

industry. A cyclone boiler is characterized by its use of crushed coal

(roughly 0.25 inch or 50 mesh in size) fired in a round "furnace" attached to

the boiler. All of the combustion air along with the coal is introduced

tangentially, providing a high-velocity cyclonic flow that causes the burning
coal and resulting ash to deposit on the walls of the furnace. The very hot

gases from the combustion melt the ash, which then drains from the

furnace. The hot gases exit into the boiler to produce steam.

igures 8 and 9 show the typical cyclone design produced by Babcock and

Wilcox(B&W) forUS utilitycycloneboilers.

Z3.2 US Cyclone Population a_d _tion

The first full-scale cyclone-furnace-fired boiler unit was placed on line

in 1944 at the Calumet Station(Calumet, Illinois) of the Commonwealth

Edison Company, based in Chicago, Illinois. Since then, 84 cyclone-fired
installations have been built in the United States. These installations,

located in 26 states and containing 149 boiler units fired by 736 cyclone

furnaces, generate approximately 200 million lb/h of primary steam.

Figure 10, showing the geographical distribution of cyclone boiler

units, indicates that most of these boilers and the states having the

significant proportion of the steaming capacity are in Illinois, Missouri,

and Indiana. These three states account for nearly half of the total cyclone

steamingcapacityand one-thirdoftheboilers.1

A furtherdetailofthecyclonefi_e_-boilerpopulationnow inoperation

isgiveninAppendixA. Note thatover9:'%ofthetotalprimarysteaming

capacityisheldby theelectricutilitysector.The primarysteamgenerating

capacitiesoftheindividualboilerunitsrm_'_from 127,000to555,000Ib/hfor

industrialand commercialunitsand from 18_,000to8,000,000Ib/hfor

electricutilityunits.From theirinceptionin 1944,cyclone-firedboilers

were readilyacceptedby theutilityindustry,and saleswere excellent.The
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_chnologywas abletomeet thedemands ofboilerownerswho wishedto

burn low-quality,high-sulfurcoalswithlow ash fusiontemperatures.In

fact,inthe1950s,1960s,and early1970s,cycloneboilersaccountedfora

largeportionofBabcock& Wilcox°s(B&V_s)totalsales.However,in 1973,

B&W discontinuedsalesofcycloneunitsinfavorofpulverized-coal-fired

units.

Cyclone Unit Operafing/AvailabiIity Characteristics

" In general,therearefewercombustionproblemswithcycloneboilers

than withpulverized-coal-fired(PC-fired)boilersbecauseoftheirsimpler

coM-preparationand burnersystems.The cyclonetendstomaintainstable

flamesoverwide operatingranges.Once thefurnaceislitoffand hot,

a fiame-outisunlikely,and flamedetectionismaintainedeven atlow

excessair,sincethefurnacedoesnotgo "black."Unitstypicallyoperateat

a carbonlosslessthan 0.1% and canrejectup to80% ofthecoalashasa

slagproduct.Consequently,combustionefficienciesareveryhigh,and the

amount ofash thatmust be handledby thebaghouseorelectrostatic

precipitator(ESP)isonlyabout25% ofthatofPC-firedunits.

Otheradvantageswiththecyclonedesignincludereducedboiler

foot-printand fewertonsofsteelperMW, as coalcombustionisnearly

completedinthecyclonewiththeboilerprovidingjustthenecessaryheat

absorptionsurfaces.Coal preparationonlyrequirescrushing,thussaving

on pulverizingcosts,and thecyclonecan handlea wide varietyofcoals,

particularlythe poor-quality,low-fusiontemperature,lower-costcoals.

The cycloneboileroperatingloadturndownistypicallyno more than

50% forextendedperiodsofoperation.Furtherboilerturndownisgenerally
p

achievedby ta_ng individualcyclonefurnacesoutofservice.This

loweringoftheloadcanbe toleratedonlybrieflybecausetheslag

temperaturesinthelowerboilermay soondropbelowacceptabletapping

temperatures°

Cyclonebrilershave two high-maintenanceitems:thecoalcrusher

and thecyclonerefractory.As thecrusherwears,the coalsizedistribution
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"° •

vanes; as the cyclone liner wears, the water-cooled walls are subject to

erosion/corrosion. A major disadvantage in the cyclone design is the need

for high fan horse power to maintain the necessary pressure drop across

the cyclone furnace. This fan power accounts for over 9_% of a cyclone

boiler's auxiliary power requirements. 2

2.3.4 _c Cye_ne _t,__'om P

Baselineemissionsfromcycloneboilersaredefinedtobe thoseNOx,

SOx, CO, and particulate emissions reflecting normal or near-normal

boiler operation at various loads. The data base, summarized in Ref. 1,

contains data from B&W, Commonwealth Edison, the open literature, and

various government-funded studies as well as those contained in the

National Emissions Data System (NEDS).

Emissions of SO2 fluctuated greatly reflecting the sulfur in the coal.

The highest levels occurred in high-sulfur bituminous-coal-fired units.

The data indicate that at full load none of the cyclone units was able to

meet the NSPS for NOx with respect to each fuel (bituminous coal,

0.6 lh/MBtu; oil, 0.3 lb/MBtu; or gas-fired, 0.2 lbfMBtu). In general, the
full-load NOx emission data indicate that the NOx concentrations decrease

with fuel type in the following order (from most to least): bituminous coal

(1.44 lb/MBtu average), subbituminous coal and lignite (0.726 lb/MBtu

average), natural gas firing (0.717 l_tu average), and residual oil

(0.604 lb/MBtu average).

ESPs aretypicallyused tocontrolparticulateemissions.

2.4 SOUTttERN ILLINOIS POWER COOPERATIVE
u

Southern Illinois Power Co-operative (srPc) operates a single

generating plant near Marion, Yllinois. The plant's net generation capacity
is 272-MW. The plant contains four cyclone boilers: three 33-MW _:mts and

2Steam.-Its Generation and Use, Babcock & Wilcox Company
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one 173-MW unit. The three 33-MW units were commissioned in 1963, the

173-MW unit in 1972. The 173-MW unit generation is about 100% for

summer and winter loads with one 33-MW unit providing peaking loads

(generally in January and July). The other two 33-MW units are

maintained on cold standby and operated when required.

All four units have precipitators; the large unit also has a wet
" limestone scrubber. Table 2-3 shows the emission control limits required by

current regulations for each unit.
q

Table 2.8 Pmqulr_ Emission Control Lhnits

Size Particulates NOx SOx
Unit No. (MW) __) _tu) __)

33 '" 0 1 'None ...... 6"01..3 . .
4 173 0.1 None 1.2

i i ii i ll.i r, , i i i

A photograph of the Marion Station is shown in Figure 11. The plan

view of the Marion station is shown in Figure 12.

2_4.1 Host Site Facilities, Marion Station, Unit 1

SIPC's unit I is a front-wall-fired two cyclone furnace Babcock &

Wilcox boiler lt-atedat 33 MW. A sectional view of the boiler showing the

general furnace and convective pass arrangement is provided in Figure 13.

The photograph in Figure 14 shows an operator's view of the front

right-hand cyclone on Marion unit 1. The overall unit design is typical of

. later cyclone furnaces. Total slag-fly ash rejection control relies on the

cyclone reentrant throat design (see Figure 8). Table 2-4 shows the

calculateddesignparametersofMarion unit1 beforemodification.

AppendixB providesfurtherinformation.Note thatunit1 alsosharesa

common stackwiththeMarion Stationunit2. Thiswillrequirethatunit2

be offlinewhen stackemissionsdataarerequiredfrom unit1_
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2.4,2 Horizontal Cyclone Fm-nsee

The horizontal cyclone furnaces on Marion unit 1 are about 7 ft in

diameter by 9.5 ft long. The cyclone furnace walls and reentrant throat are
fabricated from water-cooled tubes. The tubes are studded and coated with

refractory for protection from the high heat fluxes in this region.

Each cyclone furnace has a heat input of about 200 MBtu/h. Crushed
coal is introduced through a center rotary distributor along with tertiary air P

and immediately swirle t by the incoming tangential primary air input at

the head end of the cyclone. Secondary air is introduced downstream

tangentially into the cyclone barrel, as shown in Figures 8 and 9.

The pressure drop across the cyclone furnace is approximately
26 in. H20. The volumetric heat release for each cyclone is about

550,000 Btu/h.ft 3. The cyclone furnace operates at 13% excess air.

Combustion occurs primarily along the chamber wall zone in the mixture

of slag and coal. The slag formed flows down the chamber wall and passes

into the boiler through a key slot that is located in the lower portion of the

cyclone furnace back wall. To minimize slag carryover in the gas stream to
the lower furnace, the reentrant throat is designed to provide adequate

aerodynamic flow. Typical slag (bottom ash) rejection rates ar_ about 50%.

Control of the cyclone combustion temperature is critical to achieving

proper slag flow.

2.4.3 Boiler Unit
u

The boiler radiant section is divided into two parts as shown in

Figure 13. The lower section, 19 ft wide by 6 it deep, is refractory lined to

keep the temperature of the slag high, to ensure adequate tapping from the
boiler bottom. Typical gas temperature in the lower section is over 3000°Fo

Some heat extraction occurs in the lower section, but most occurs in the

upper bare tube zone. The upper boiler section is 19 fi wide by 12 ft deep.

The overall height of the furnace is 55 ft. The average temperature entering
the high-temperature superheater is 1900°F. The overall pressure drop

p r
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across the cyclone furnace and boiler system is approximately 42 in. H20.

Platens connected to the cyclone furnace water wall are located in the upper

boiler section to provide additional heat transfer surface and the necessary
cyclone cooling flow. The Marion Station ur_ i calculated boiler

performance is summarized in Table 2-4.

Table 2-4 Calculated Unit I Boiler Performam_
I III I lllI, II I II _ II'

Marion Unit I Original DesignI I IIIIli II ' 'I ' II I II IT

• Steam flow fib/h) 335,000

Coal Flow (lb/h) 37,000

Additive (lb/h) 0

Excess air levying air heater (%) 16
Flue gas leaving air heater (°F) 330
Air entering air heater (°F) 110

Ash tapped as slag (%) 60 1
Waste Disposal 0b/h)

Slag 3780
Fly Ash 2440

Emissions(lb/MBtu)
SOx 5.85
NOx 1.35
Particulates 0.1

III ii - II I III lr II II I I --. I II

Efficiency Losses (%)

Dry gas 4.89
H2 + H20 in fuel 4.56

Moisture in air 0.10

Unburned comb. 0.10

• Radiation 0.40

Slag heat loss 0.85

- Unaccounted & mfg. margin 2 0.65
Total losses 11.55

8_45emen,(t) ,......
1 Assumed

2 1.5% unaccountedforand manufacturer'smargin less
calculatedslagheatloss.

" II I
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2.4.4 Marion Station _i_ions

The _arrent emission requirements t'or the Marion Station unit 1 are
noted in Table 2.4. The only control criteria are for S02 and particulates; no

control requirements are imposed for NOx. The present S02 emissions are

not measured and are controlled by blending Illinois #5 or 6 coal with mine
washings to achieve permitted coal sulfur content. Actual S02 and NOx

emissions from unit 1 have now been measured and are presented in

Section 5, under baseline test/ng.

2.4.4.1 Particulate Emissionq

Unit 1 utilizes both a multiclone cyclone separator for removal of

coarse material and an electrostatic precipitator for control of partictflate

emissions. The permitted particulate emission rates are 0.1 lb/MBtu.

2_ COAL AND LIMESTONE RESOURCE

2.5.1 Coal

The coal currently being fired at SIPC is a blend of raw Illinois #5 or 6 seam

coal and GOB. GOB is the term for the inexpensive high-Btu-content coal

fines from the mine washing operation. The ultimate and proximate ash

analyses for the design basis coal are presented in Table 2-5.

Table 2-5 Coal Propex_es (As Received) for Marion Unit 1
I I Iii li|l

.... UltimateAnalis (%wt) [

C 59.00 -.
H 3.75
O 6.27
N 1.35 °

H20 10.73.
S 3.20

Ash 15.73
i_ II

HHV (Btu/lb) 10,553
I It1 I • Hl Irl t lhr
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2.5.2 Limestone

The limestone selected for the project will be the same as presently used

in SIPC's wet scrubber for unit 4. The limestone properties are shown

in Table 2-6.

Table 243 Typical IAmestone Composition
e

. l MgCOs
_ Inerts 3"5 .....,[¢_ ---[ I I I I li I 11111

2.5_ Other Additives

A small quantity of other additives may also be used in the preparation of
the fuel for the LNS Burner. This additive is the subject of a patent in

process and is therefore considered proprietary. The purpose of the additive
is to condition the resulting slag product. The additive is an inexpensive,

inert (nonreactive), nonsoluble, nonmetallic inorganic compound that

become_ fused in the slag.

i
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r*-- " Ilrl II ...... ii11111 i I I IIII li II II II II - Jill I I

..... I ............. __11 II I_1 I II IIIII ....... . "" " I II ( I

Figure & I.,NS Burner/Cyclone Retrofit ,_..hematic
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Figure 4. _ Burner Process _matic (Conceptual)
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Figure 5. Slag Screen Cross Section (Typical)



CDOE10106N Issue A Final
Page: 37

II Illl I Illll _ . I III I IIIIII I I _. IIIIII II

L

i

_' I I r -- } _. I II II I II I I HIIII II IIII "

Figure 6. Photograph of the IA_ Pilo_ Test Facility
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Figure 7. Photograph of the Pilo_ Slag
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Figure 9. Cyclone Buraer- Side View
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!

Figure 10. Cyelone Population by State
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° Figure 12. Site Plan View of Marion Station
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I II I I I

Figure 14. Cyclone Furnace, Marion Unit 1
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3_ PROJECT DISCUSSION
o

3.1 GENERAL DESCRIP220N

Selecting a suitable host site for a cyclone boiler retrofit demonstration

was an important first step in forming the project. A key requirement for

- the host site is that it adequately demonstrate the LNS Burner tectmology to

enable extrapolation of the results to future commercial units. It was

. assumed that the cost of retrofitting the LNS Burner technology to the

reference site need not be representative. However, a major criterion in

selecting a host site is minimum retrofit costs. Consequently, the selection

criteria fit two categories:

° Identify requirements needed to demonstrate LNS Burner technology.

® Identify considerations that affect retrofit costs.

The following factors evolved to form the site-selection process:

* Technology Dem_onstration Reqtfiremenis

* Unit burning high-sulfur bituminous coal.

* Cyclone furnace size (200 to 400 MBtu/h).

* LNS Burner/cyclone arrangement consistent with typical large units.

* Furnace heat absorption rate, volume, and residence time typical of
large units.

° Operated by a utility.

° Project Economic Considerations

* Unit not critical to meeting utility demand (i.e., no makeup power
" costs for unit outage).

* Small boiler (<100 MW).

* Plant area available for inclusion of additional equipment.

* Required modifications made with minimum of interference with
existing structures, etc.
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• Limestone storage/handiin8 facilities available.

• Minimum additional power, restoration, and insurance costs.

• Identified funding support.

Several utilities owning cyclone boilers were contacted to determine

their interest in participating with their units for this program. An

evaluation was conducted following the above technical and economic
criteria. The small boiler units at Southern Illinois Power Co-operative

v

were identified, and after careful consideration for their concerns and
interests, the Marion Station unit 1 was selected as the host site.

3.2 SITE D_'_,/FI'/ON

Marion Power Station occupies a 300-acre site at the northwest end of

the Lake of Egypt in Williamson County, Illinois, about 8 miles south of

Marion, Illinois. The station is owned and op_rated by SIPC, whose main

officesareacrossthespillwayfromtheplant.SIPC createdthelaketo

providecoolingwaterforthegeneratingstation.

Marion Units1,2,and 3,whichare33 Mwe each,were commissioned

in 1963;Unit4,173MWe, was commissionedin1978.The threesmallunits

have mechanicaldustcollectorsand electrostaticprecipitators,whilethe

largeunithas bothan electrostaticprecipitatorand a wet scrubber.A

photographofthefrontoftheMarionStationisshown inFigure11oA

more detailedview oftheunitisshown inFigure12.

Marion Power Stationisaccessibleby railand truck.An i_'iterchange

withInterstateHighway 57 islocatedabout3 milesfromtheplant

entrance.A railspurrunstotheplant,but iscurrentlyunused.

AllfourunitsattheMarionPower Stationarecyclonefired.The

plant'stotalnetgenerationcapacityis272 Mwe. Grnsselectricgeneration

was 1,281,510MWh in1988.Typically,two ofthesmallunitsarecoldand

onlyusedwhen requireddue totheunavailabilityoftheother'traits.The

LNS Burnerprojectwillbe conductedatunit1.
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Units I, 2, and 3 fire a combination of predom_nantly No. 5 and Noo 6

Illinois bituminous coal and mine washings (also called coal refuse, gob, or

washer plant silts) in a ratio of 60:40. The coal and washings are stored in

separate piles in the fuel storage area. Coal is delivered to the site daily, but

the mine washings are only delivered during the summer when a large

pile is built up to last the rest of the year.

The coal and mine washings are loaded into separate hoppers in the

- fuel storage area. The hoppers feed a crusher, also located in the fuel

storage area. The feed rate from the two hoppers maintains the (;0:40 ratio.

The mixture is conveyed to the coal bunkers at each unit. Unit 1 consumes

about 18.5 tons/br at peak capacity. A 90-day supply of fuel is maintained
on site by SIPC.

The fly ash from Units 1, 2, and 3 is sluiced to a series of ash ponds
where the ash settles out. Because of cyclone boiler inefficiencies, the fly

ash from these units still contains a significant amount of unburned

carbon which can present a fire hazard when handled by a dry ash

handling system while the ash is still hot. The primary fly ash pond was

emptied recently and the dredged ash was used during some regrading

work in the coal storage area. The remaining volume in the fly ash ponds

is estimated at 2.5 million cubic feet. Because of the low capacity factors for

the three units, the ash ponds have an expected remaining life of

approximately 10 years. The ash pond area is shown on Figure 15.

Unit 4 uses the same coal/washings mixture as Units 1, 2, and 3.

" However, the fly ash from Unit 4 is mixed with the sludge from the
limestone scrubber and landfilled on the site.

J.

The bottom ash from all four units is sluiced to one of two bottom ash

ponds. The slag is sold to a company which uses the ash for grit in

different commercial applications such as sandblasting_ winter road
conditioning, septic system filters, cement additive, etc. While one bottom

ash pond is being filled, the buyer empties the other. The fly ash hoppers

have a storage capacity of 4 tons, which is equal t_ about 5 hours of Unit I
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operation. The fly ash sluice water system can empty the hoppers in one
hour using 450 gpm of water. The bottom ash hoppers have a 10-ton storage

capacity, which also equals about 5 hours of operation. The bottom ash

sluice water system can empty the hoppers in one hour using 1,000 gpm of
water. The bottom ash and fly ash sluice water systems are once-through

systems.

Table _I Stream List

i lJ , I I I . I IIII

Air/Gas/ Solids Total
Steam Flow Stream Conditions,
Flow Rabe Flow Rate TempJ

Stream RateOb/h) (lh/h).... (]b/h) I__
i i

1. Raw coal 38,074 38,074 Ambient

2. Limestone 6J_9 6_ Ambient

3. Additive L341 1,341 Ambient

4. Air from FD fan 382,459 382,459 110°F/46 iwg

5. Tempering air to

transportblower 25,196 25,196 II0°F

6. Tempering airtopulverizer NNF II0°F

7 Air to air heater 357,263 357,263 II0°F

8. Hot air to transport blower 8_96 8_96 480eF/35 iwg

9. Hot airtopulverizer 71,115 71,1.15 480 F/35iwg

10. Overiireairtoboiler 74,480 207 74,687 180°F

II. Hot airtoI_TSBurners 232,494 232,494 480°F/>24iwg

12. Fuel toLNS Burners 34,186 42,732 76_918 120°F/63iwg

13. Fluegas from boiler 372,675 2,285 374_50 621°F

14. Slagfrom boileraftersluice 9,138 9,138 Ambient
b

15. Gas to multiclones 417,333 2,285 419,618 300°F

16. Gas tostack 417_3 40 417_73 272°F

17. Flyash collectedaRer sluice 2,245 2,245 Ambient

18. Steam produced 335,000 335,000 905°F/875 psia

i i i ......... I

Notes:
1. Air leakage at 12.5% 3. Stack particu]ato emissions are 0.1 l_Btu
2. Pressure units, iwg = inches 4. NNF = Not normally flowing stream

ofwater.gauge....... _ ........
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Waste streams from the plant include fly ash collected by the

mechanical and electrostatic dust collection system, bottom ash (slag) from

the furnaces, scrubber sludge from Unit 4, the water used to sluice both the

fly ash and bottom ash to the ash ponds, and miscellaneous streams such
as boiler blowdown, demineralizer regeneration wastes, etc.

" Allwaterusedby theplantexceptforpotablewateriswithdrawnfrom

theLake ofEgypt. CondensercoolingwaterisdischargedbacktotheLake

- of Egypt. Water treatment wastes, demineralizer regeneration wastes,
floor drainage, service water system blowdown, coal pile runoff, boiler

blowdown, and yard drainage are all routed to one of the ash ponds. The
overflow water from the ash ponds is discharged to Little Saline Creek.

3.3MASS AND ENERGY B_CE

Mass and energybalanceshavebeen made withthedesigncoal.A stream

listwhichrepresentsthedesignconditionsat 100% boilermaximum

continuousrating(MCR) ispresentedinTable3-1.Forreference,the

processflowdiagram,Figure16,shows thelocationofthestreamnumber.

Thistablepresentsthemass flowratesformajorstreamconstituents

includingtemperaturem_d pressureestimatesforthesestreams.

3.4 PROCESS DESCRIPTION

The process flow diagram shown in Figure 16 identifies the major
streams for the retrofit of the LNS Burner system into Marion u_mt 1. A

summary description of the major components in the plant is also shown.

The as-received coal is conveyed from the existing bunkers at a rate of

. 38,074 lb/h and mixed with limestone before pulverization to provide a
Ca/S ratio of 2:1. Additional proprietary additives may used to flux the slag.

These coal, limestone, and additive solids are then fed to the coal p_verizer

at a rate of 46,304 lb/h along with sufficient heated sweep air. 1_tis air is

then utilized to convey the pulverized fuel to a cyclone separator. A cyclone

separator provides for removing the fuel from the pulverizer sweep air.

After the cyclone separator, the pulverizer sweep air is ducted to the boiler
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as overfire air. From the bottom of the cyclone, the fuel flow continues

through rotary valves to the LNS Burners' fuel pipes. Using a separate
source of 34,186 lh/h warm air driven by a blower, the fuel is conveyed to the

LNS Burners at a rate of 42,732 lb/h. The fuel feed stream is then split to

properly distribute the fuel to the LNS Burners. The coal is first split by a
conventional "riffle" box into two streams, one for each LNS Burner. Each

stream is then further split into six equal streams that convey the fuel from

the fuel preparation building to the face of the LNS Burners. These

12 streams utilize heavy-wall pipe with abrasion-resistant elbows. ¢¢

At each LNS Burner, an additional 116,247 lb/h of heated combustion

air from the air preheater provides for combustion. The LNS Burner

creates a hot fuel-rich gas and provides for reaction of the sulfur and

nitrogen species to remove them from the gas stream. The coal ash also

melts. The resulting hot combustion gas and molten ash then passes

through the modified cyclone barrel to a new slag screen located at the
entrance to the boiler. This slag screen removes up to 80 wt. % of the ash,

which drains to a slag tap in the bottom of the boiler. The hot gases and

remaining ash that enter the boiler at this point are at peak gas

temperatures to assure good slag tap drain performance for ali boiler loads.

An estimated slag quantity of 9,138 lb/h will drain from the unit. The

remaining quantity of very fine fly ash (<10 _m) in the amount of 2,285 lb/h

will continue through the boiler back pass sections.

The gas products then flow up through the furnace losing heat to the
boilers radiant section, where the final overfire air is added at a rate of

74,687 lb/h. This overfire air includes the pulverizer sweep air and is

distributed through the boiler wall through multiple ports to assure good
mixing and further reduce NOx. This final combustion step at an overall

stoichiometry of 1.16 assures complete combustion of the CO well before the

gases enter the superheater section of the boiler convective passes.

From the boiler convective pass, the gases continue to cool before

entering the Ljunstrom air preheater. The air preheater recovers the heat
and cools the gas to about 280°F as it heats the ambient incoming air to

about 480°F. As the gas leaves the air preheater, it flows through a bank of
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9-inch multiclones, where the coarse particulate from the cyclone burner is

normally removed. This equipment will be left in piace, but the

LNS Burner is not expected to create any coarse particulate.

The gas then flows at a rate of 372,675 lb/h into a three field

electrostatic precipitator where the fine fly ash is removed at a rate of

2,245 lb/h. The clean flue gas containing only 40 lh/h (0.1 ll_MBtu)
particulate, approximately 0.2 lb/MBtu NOx and less than 1.76 lb/MBtu S02

is discharged from a 200-ft-high concrete stack.

All combustion air is provided by the existing centrifugal fan driven by

with a combination of low- and high-speed motors. The low-speed motor is

rated at 300 HP and the high speed motor at 1250 HP. Air at 342,459 lh/h is

delivered to a manifold which supplies air for l_reheat and coal transport.
The majority of the _r stream flows through a small steam-air heat

exchanger and then into the Ljunstrom air heater. The air from the air

heater is then split into three streams: one stream to the pulverizer, one

stream for coal transport with the majority being used for the LNS Burners.

The pulverizer exit gas temperature is controlled by blending cold

tempering air to the pulverizer inlet based on temperature of the outlet

gases. The small stream of the heated air sent to the new transport blower
is diluted by 25,196 lb/h of cold air to hold the temperature about 120°F and to

eliminate the possibility of condensation in the fuel conveying lines.

3.5 ENVIROI__AL CONTROL PERFORMANCE

The two 200-MBtu/h LNS Burners firing into the walt 1 boiler have been

designed to match the original design requirement of generating
335,000 lb/h of steam at 905°F at 875 psig. The retrofitted boiler efficiency

t may be slightly lower than the cyclone boiler due to the minor heat loss

from the increased quantity of slag. However, the overall LNS Burner

efficiency is expected to be much higher than the efficiency noted during the
Baseline test due to the excellent carbon conversion of the LNS Burner. As

a result, the gross heat rate will show a significant improvement.
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Auxiliary power requirements will increase to supply the new

pulverizer and added equipment, For a post demonstration retrofit project, •

these new loads may be offset by a reduction in the fan power requirements

due to the lower (than cyclone) LNS Burner pressure drop. However, for

this demonstration project, the cost considerations do not warrant

modifying the fan and ducting. ,.

One important concern is related to the expected increased quantity of

ashresultingfrom theadditivesnecessaryforsulfurcapture.The totalash w

quantityintotheLNS Burnerisexpectedtonearlydouble.The Marion

Stationunit1 ESP isnow operatingnearitslimitforash collection

efficiency,and any flyashloadincreasemay causeparticulateemission

problems.Further,itisalwaysdesirabletominimizeany ash loadthrough

a boiler.As notedabove,theestimateoftheashloadexitingthe

LNS Burnerslagscreenshowsthateven withtheincreasedquantityofash,

theflyashloadisexpectedtobe less_an thatoftheoriginalcyclone

design.The slagquantityforsaleordisposalhowever,willincreaseby a

' factor of three.

The performance of the LNS Burner retrofit design in the Marion

cyclone boiler was evaluated to see if any significant boiler efficiency

degradation would occur due to differences between the conventional and

LNS Burner processtechnology.Based on stoichiometry,combustion

completeness,and heatextractionconditionsenteringtheboilerforboth

burnerdesigns,an analysisispresentedinTable3-2comparingoverall

boilerefficiencythatshowsverysimilaroveralldesignefficiencies.The

current as found efficiency of about 82.7%

m
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Table 3,2 Expectod Unit 1 Bailer Performnn _ne
with LN'SBurner

[[

, Design Burner
Ma-ion Unit I (Calcula_vd) Desillva

I I I I III

Steam flow(lh/h) 335,000 335,000
Coal Flow (lbl) 37,000 38,074
AdditiveClb_)

Limestone 0 6,889
Other 0 1,341

Excess air leaving air heater (%) 16 16
Fluegasleavingairheater(°F) 330 300 1

Airenteringairheater(°F) 110 110

Ash tapped as slag 2 (%) 69 80
Waste DisposalOb/h)
Slag 3780 9,138
Fly ash 2440 2,245
Stack Emissions 80 40

Emissions 0b/MBtu)
S02 5.85 1.76
NOx 1.35 0.2
Particulates 0.1 0.I

|mii 'ii

Emden_ Losses (%)
Dry gas 4.89 5.00
H2 + H20 in fuel 4.56 4.57
Moisture in air 0.10 0.10
Unburned comb. 0.10 0.10
Radiation 0.40 0.40

Slag heat loss 0.85 1.13
, Unaccounted & mfg. margins 0.65 0.65

Totallosses 11.55 11.95

, Boileremcieu_ (net) 88.45 88.05
1 Assumed 5°F higher than original design due to use of

pulverizer tempering air.
2 Assumed.
3 1.5% unaccounted for and manufacturer's margin less

calculated slag.heat loss. .......
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Figure 15. Ash Pond Area





CDOE10106N Issue A Final
Page: 57

PLANTSYSTEMSANDPROCESSF_

Significant technical work was accomplished before the signing of the

Cooperative Agreement. The proprietary report submitted to the Cyclone

Retrofit Feasibility Operation Committee entitled "Cyclone Boiler Retrofit
Feasibility Study with the Low NOx/SOx Burner, CYC20501P, Issue A",

dated April, 1989, served as the basis for TransAlta's work.

The designcriteriaand requirementspresentedinthefeasibilitystudy

were reviewed.The sitespecificrequirementswere updated,the design

fuelanalysiswas updatedbasedon currentcoalusedon siteand

standards,suchasNFPA 85F were reviewedand appliedtotheongoing

designtasks.The Marion unit1 operatingrequirementswere reviewed

withtheSIPC toincorporateallnecessarydesignand operatingcriteria

and requirementsintotheProject.

The material balance used in the DOE Program Opportunity Notice

(PON) submission was updated to use the Project design coal and to better

reflect boiler and plant operating conditions, boiler efficiencies were

updated, the coal cyclone separator efficiencies were updated and boiler

excess air levels were reviewed. The proprietary Process Flow Diagram

was updated and stream flows were revised as necessary.

The design coal was reviewed to detormine a basis which reflects

normal variations. The design coal was determined from data obtained

from about 40 analyses taken from January 1989 through July 1989.
m

Control philosophy and requirements were reviewed with all Project

Team Members, including cyclone boiler consultants and operators. Initial
f

information as shown in the feasibility study on incorporating the
LNS Burner into Marion unit 1 was reassessed. An initial review of

existing plant operating procedures and policies was started. The

development of process logic wi]l be an ongoing task until the completion of

engineering.
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Outline dimensions of major equipment was identified since space was

at a premium for this retrofit. Design requirements for not-to-exceed

dimensions were established for key equipment items, including the
LNS Burner.

4.1 LNS BURNER RETROFIT DESIGN

The LNS Burner process design criteria were applied to the Marion

unit 1 cyclone boiler. Each LNS Burner was sized for 200 MBtu/h, firingla

approxima_ly 10 tons/h of coal, the same as the existing cyclone furnaces.

Commercial utility cyclone boilers range between 150 to 470 MBtu/h

heat input per combustor. A first step in LNS Burner scale-up has been the

information gathered and the lessons learned from operation of the
50-MBtu/h LNS Burner on the LNS-CAP Project at Cold Lake, Alberta,

Canada. This activity has directed the scale-up criteria for this application

and verify its use for the 200-MBtu/h cyclone boiler application.

Fortunately, the scaleup criteria for the LNS Burner are not as

restrictive as for typical coal-fired pulverized coal (PC) burners.

The scale-up of an LNS Burner heat release rate is accomplished by:

1. Increasing the number of coal and air feeds per LNS Burner.

2. Simply increasing the LNS Burner's diameter to maintain process
specifications. The burner length is essentially fixed.

These approaches give the LNS Burner the ability to be sized to nearlyni

any practical scale, similar in heat release rates to any typical cyclone

furnace (or PC burner). LNS Burners have been conceptually scaled to
q

500 MBtu/h.

For the retrofit, the cyclone furnace preburner end will be replaced

with a new section that functions as the LNS Burner. The existing cyclone

furnace section will also be used to establish the overall combustion length.

The existing cyclone throat, consisting of water wall tubes, will be removed

and replaced with a new assembly of water wall tubes forming the slag
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screen. Figure 17 shows the elevation view of the boiler before modification

and Figure 18 shows the retrofitted configuration.

The LNS Burner for this retrofit is formed by two sections; the existing

cyclone furnace barrel with an extension of the end of the cyclone furnace
barrel. Due to the configuration of the cyclone furnaces for Marion unit 1,

the end of the cyclone furnace is very close to the level of the main turbine

operating floor. The estimated diameter of the extended portion of the
LNS Burner interfered with the deck. Work was done in assessing the

impact of either decreasing the burner diameter, removing a portion of the
concrete floor, or inclining the extended portion to miss the floor. Studies

indicated that if the extended portion could be offset from the cyclone

furnace and tilted about 15 degrees, the interference could be eliminated.

4.1.1 LNS Burner Configuration

The LNS Burner is a simple air-cooled refractory lined combustion

chamber about 20 ft in overall length. The internal diameter is about 5-ft.
Coal is distributed at the LNS Burner face from six coal feed pipes. The hot,

air from the air preheater provides sufficient cooling of the LNS Burner

refractory wall before mixing with coli for combustion.

The LNS Burner for this retrofit is formed of two sections; the existing

cyclone furnace barrel and extension piece protruding from the end of the

cyclone furnace barrel. The existing cyclone furnace barrel will remain

virtually unchanged. The air ducts and other cyclone-furnace-related

changes will be removed. The cyclone furnace barrel will remain
water-cooled. The new LNS Burner extension piece will be added to the

cyclone barrel consisting of a refractory-lined section, about 16-feet long.
This section is externally air-cooled by incoming combustion air flowing

through a one-inch thick cooling air annulus from the cyclone end m_d

flowing up to the head end where it enters into the LNS Burner. A
schematic of the LNS Burner and its interface with the boiler is shown in

Figure 19. Coal with carrier air also enters at the head end.
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4.1.2 LNS Burner Thermal Analysis

A thermal model of the LNS Burner was developed and used to

evaluate thermal profiles and start up conditions. Three modules were

developed: LNS Burner, modified cyclone barrel and a combined system.

Each module covers specific tasks: the LNS Burner model is used to

" validaterefractorythickness,coolingairgap designand theoverall

fabricationdesign;thecyclonebarrelmodelisused tovalidaterefractory

thicknessand overallheatbalancetothecoolingwatercircuit;and the

systemmoduleisusedtoevaluatestartup and cool-downtransients.

Each model usesa commerciallyavailablethermalanalyzerprogram

tosolvethefinitedifferenceequationsand todeterminethetemperature

distribution.The modelincorporatesthermalconvectionand radiation

fromthehotgas totherefractoryhotface,conductionacrossrefractory

material,convectionand radiationacrossthecoolinggap (LNS Burner

model)conductionacrosstheouterthermalinsulation,convectionand

radiationfrom theinsulationtotheenvironmentand energytransportinto

thecoolingmedia. Inputvariablesareprovidedfordifferentmaterial

properties,transportproperties,processconditions,and physical

geometries,such as annulusthickness,refractorythickness,etc.

Typicalresultsofthethermalanalysisarepresentedintheattached

table.Alsoincludedarethedesigngoalsincludingmaximum metalwall

temperature,airtemperatureand refractorylimits.Two operating

conditionswere examined: flowat100% and 50% boilerload.The most

" severeoperatingconditionsfortheLNS Burnerdesignisatpartloadwhen

theamount ofairavailabletocooltheinsidesurfaceofthemetalwallis

' reducedwhich inturnreducestheconvectiveheattransfercoefficient.

The designrequirementsand model predictionsarepresentedin

Tables4-1and 4-2.
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Table 4-1 ll)l_ I_ad Condition
]]__LL "_L l l liI .... I I I I

I I I I IIII II l llrl I

Metal Wall <ll00_F 835°F
Air Preheat Maximize 675°F
Dense Refractory CF <220_F 2025°F

• II IIIIII II ,, , H, | ii, m "

J

Table 4-2 50%Design Conditions
I I II I II I I ,iIII

..... _ lm l l l I II I IIIII lllll i

Metal Wall <ll00°F 1085°F
Air, Preheat Maximize 863°F
Dense Refractory CF <2200_F 2110°F

. ............... L __ -- I I I

The thermal model has also been used to evaluate thermal profiles and

start up requirements. The thermal model has been applied to the current

mechanical design to estimate temperature profiles across the refractory
and metal shell. The model has been used to assess typical start up

conditions and evaluate their subsequent thermal impacts on the design.

An evaluation of a typical start up condition has been made in which

refractory hotface, metal wall and slag screen temperatures were

determined. Figure 20 shows these profiles for the selected conditions. Key

events in this start up are the initial warm-up on oil using the 30 MBtu_ oil

ignitors, a switchover to coal and the ramp up to full load on coal. The

illustrated cold start up takes about eight hours to complete. In the case

presented in Figure 20, the boiler and turbine requirements were included

in the start up ramp rate as follows:

1, The boiler was brought up about 75% operating pressure and turbine
roll was established using oil.

2. Coal firing was established to complete start up after the turbine
stabilized and was held at about 15% load for one hour.
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4.1.3 Mechanical Desicn

The mechanical design activities for the LNS Burner were initially

started during the preparation of the feasibility study. These early efforts

determined overall length, diameter, refractory thickness and required

design features. This effort was continued incorporating design

refinements. The diameter and overall length have been finalized, the
refractory thickness has been selected and checked with the thermal model.

" The designfeatureshave been selected;details,suchas thermocouple

selectionand placement,provisionsforflamescanning,observationports,

airmanifolddesignand placementand structuralsupportarecomplete.

The designofthecoalinjectorpipesiscompleteand incorporatedintothe

mechanicallayout.The fabricationdrawingsarecompleteand areready

forissue.Materialforthemetalshellsofthefrontend has beenselected;

310 st_less steelisthematerialofchoiceforthedemonstrationtestunit

becauseofitshighertolerancetothermalupsetsand transients.The type

ofrefractorymaterialhas been selected;thespecificbrandwillbe finalized

when therefractorysupplierand installerhave been selected.

4.2 BOK,ER AND PLANT SYSTEM MODIFICATIONS AND REPAHRS

4_1 Initial Boiler Inspections

The operational readiness inspection for the project was completed in

the January to June, 1990 time frame. The following major plant

deficiencies and remedial measures required to bring the unit operational
, capabilityup tostandardwere identified.

, Boiler and Auxiliaries. Boiler Casing

This has been a continuous historical problem which has resulted in

severe bulging and deformation of the casing in a number of areas. The

fluegasleaksand subsequentcasingdamage due tooverheatingwere

causedLy failuresintherefractoryusedtosealtheconvectionpasstangent

waterwalltubes.The failureoftherefractorycan resultfrornimproper
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installation,unitcyclingand/ora combinationofboth.Refractoryfailure

allowslocalizedoverheatingoftheboilercasingand itsultimatefailure.

Known casingleakshad previouslybeenrepairedby SIPC dm-ingthe

November- December 1988unitoutage.Additionalboilercasing,ducting

and refractoryrepairswillbe donebeforeplantisrestartedwiththe

LNS Burners.

ChelateCleaning

The boilerwas acid(chelate)cleanedinDecember of1988.Thiswas

thefirsttimetheboilerhad beenacidcleanedsince1973.A fewtubeleaks

occurredasa resultoftheacidcleaningwhichwouldindicatethatsome

degreeofwatersidecorrosionexists.Allleakswere repaired.No further

remedialactionisrequiredatthistime.

Boiler_

DuringtheNovember-December1988overhauloutage,theboiler

furnacefloortubeswere ultrasoni...._-tested(UT)todeterminewall

thickness.A totalof31 furnacefloorand 28boilerrooftubeswere repaired

as a resultofthisactivitytolda visualinspectionthroughouttheboiler.

The furnacefloortuberepairswere requiredastheirwallthicknesswas

lessthan theASME minimum allowedthickness.Evidencewas notfound

toindicateifthetubewastagewas due tofiresideabrasion,erosion,

corrosionorwatersidecorrosionorboth.The boilerwas discoveredtohave

beenoperatedforatleastthelast15yearswithoutimstallationofthelower

furnacesectionrefractoryascalledforon theboilererectiondrawings.

Thiswould supporttheassumptionthatthemajorityoftubemetalwastage

was theresultoffiresideabrasion,erosionorcorrosion.

Allboilertubesinthelowerfurnaceareawillbe includedinthe

materialmoni'toringprogram tobe conductedbeforeand afteroperationof

theretrofitinadditiontoselectedtubesinthesuperheaterand convection

pass generatingtubessection.
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Atr Preheater

In November 1988 a vendor representative made an inspection of the

regenerative air heater. The following performance related problems and
recommended corrective measures to be taken were identified.

• The cold end basket elements are in bad condition and should be
" replaced.

• Four hot end axial seals are missing and should be replaced.

• All cold end radial seals are bad and should be replaced.

Prior to major replacement of air heater components, a pre..baseline

test was performed to determine the performance of the as found air

preheater and to ensure successful completion of the Baseline Test. The air

preheater will be inspected in detail as part of the Material Monitoring
Inspection prior to the Demonstration Testing of the project.

Electrostatic Precipitator

The electrostatic precipitator (ESP) was not inspected during the

operational readiness inspection, but the ESP was inspected prior to the
Baseline Test to photograph and document the as-found condition as
outlined in the Materials Performance Plan.

'_ine-Generator and Unit Auxiliary Systems and Equipment

The turbine-generator unit, which underwent a major overhaul during

• March-April of ].986, has been highly reliable throughout the life of the

plant.

Historically, the unit auxiliary systems and equipment have been

reliable. The redundancy of equipment will provide maximum assurance

of reliability during the demonstration program.
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422 Re.assessment of Boiler Condition

Further assessment of the boiler condition was made in October, 1990

during the Baseline Test and is described below.

An inspection of Mm-ion Unit #1 boiler was completed as part of the

Materials Monitoring Program. The purpose of this inspection was to

provide detailed information regarding the present condition of the boiler

and determine any repairs necessary to assure operability and availability

for baseload operation during the Demonstration Phase of the retrofitted

plant. The scope of work of this inspection included visual inspection and
ultrasonic non-destructive examination of the following areas:

* Cyclone burners

* Floor and water wall tubing

* Furnace roof and penthouse area

* Dead air spaces in furnace casing

* Hangers, supports, braces, attachments

* Convection pass wall tube refractory

* Superheater and generating bank tube gross alignment

The results of the detailed inspection and assessment indicate that

some areas of the boiler are in fair condition considering its length of

service. Specific areas will require repair and further inspection to ensure

thattheboilercan be reliablyoperatedovertheburnertestprogram.

Figure21 showsa elevationviewoftheboilerand thelargediameter

primary airducting.

Severetubethinningwas determinedfrom ultrasonic(UT)inspection

on theexteriorthicknessofthewaterwalltubinginthefrontoftheboiler.

The Conditionwas theresultoftubeand attachmentcorrosioncausedby

rainwaterenteringtheboilercasingand settlinginthebuckstayareasover

thelifeoftheunit.Majorpanelsofthefrontwalltubingwillrequire

k
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replacement. The floor tubing of the unit was found to have extensive

thinning and will be replaced up to the entrance of the cyclone in the
furnaceareaby SIPC.

Both cyclonesshow signsofsignificanttubethinning.The most severe

thinningislocatedon thebottomhalf(3o'clockto9 o'clock)ofbothcyclones.

The amount oftubethinninginbothcyclonesaveragesapproximately15 to

" 20% oftheoriginalthickness.However,inthedesignofthecyclones,extra

heavywalltube(1-15/32in.outsidediameter(OD),0,25in.wallthickness)

" was selecteddue tothe_:xpectedtubewastage.Forthe1-15/32in.

OD tubing,thecodecalculatedminimum wallisonly0.06in.thickness.

Fabricatingthecycloneswith0.25in.walltubingincorporatesa large

corrosionallowanceintothedesign.Therefore,theaverageamount oftube

thinningisnotdetrimentaltoprovidinga yearofreliableservice.Figure23

shows theinsideofoneofthecyclonesafteritwas cleanedand inspected.

ltisnoteworthythatprevioustubefailuresinthecycloneindicatethat

isolatedproblemareasdo exist.Whilethelowestthicknessreadingwas

0.17in.,lowerwallthicknessesprobablyexistand may causea few tube

leaksduringthenextyearorsoofoperation.Thesetubeswillbe repaired

orreplaced.

The UT surveytakenofthefrontwaterwallindicatesthatsevere

corrosionhas occurredon theexterior(non-fireside)surfaceofthetubes.

Some ofthereadingsarebelowthecalculatedcodeminimum wall

thicknessof0.102in.for2-1/2in.O.D.tubes.Replacementoftheaffected

areaisrequiredtoremove thosetubeswhichwillprobablyfailduringthe

" nextyearofoperation.As a minimum, thefirst16 tubesinfrom theside

wall(notincludingtheareasofnew tubingatthefurnacecornersinstalled

" by SIPC)willbe replaced.The replacementtubeswillextendfromthetubes

currentlybeinginstalled,tojustpastthefrontwalltofurnacerooftube

bend. A view ofthefrontwalltubespreparedforUT testingisshown in

Figure24.

The buckstayson thereargasoutletductarebadlycorrodedand will

be repairedorreplaced.Two brokenbuckstayslocatedon thefrontwall
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confirm concerns regarding the integrity of the supports. No significant

limitations or effects on boiler operation is expected over the next year
unless furnace pressure excursions occur. Most likely causes of downtime

over the next year are possible fatigue failures at the buckstay/tube

attachments. The cyclic duty, external corrosion and attachment design

create an environment conducive to fatigue crack growth. Past fatigue

failures at these locations indicate that some of the existing attachment

welds are in various stages of fatigue damage. Non-cyclic operation will

limit the number of failures which will occur over Che next year of

operation.

Ali of the pressure parts internal to the boiler furnace (superheater

and generating bank, etc.) appear to be in good condition. No signs of

damage which would cause reliability problems were noted. Damage to

externalpartsoftheboilerhasbeen causedby fluegasleakingtothe

externalsurfacesoftheboiler,then coolingand mixingwithwaterand

oxygentoproducea corrosiveenvironment.Streaksofyellowinthe

depositsfoundon thecorrodedareasindicatethatsulfurmay have a major

partintheproblem.Repairingtheleaksand prohibitingthecorrosive

environmentfrom developingwillhave significantpositiveeffectson the

nextyearofboileroperation.

Broken refractoryaroundthesuperheatertuberoofpenetrationsand

holesinrefractoryoverthefurnacerooftubeswillbe repaired.These

repairsarenecessarytopreventgasleakstoand excessivebuildupofflyash

inthepenthouse.The additionalweightofany flyashbuildupinthe

penthousemay causedamage totheroofrefractoryand tubing.

Laggingand insulationoverthefurnacewillbe replacedincluding

hanger rod seals and covers. Lagging joints will be weatherproofed using

sealant. Repairing the lagging and insulation is not vital to a one year

operation cycle since the lagging is primarily for personnel protection and

weatherproofing.

All casing endorsing dead air spaces will be repaired. Each air space

will be made air fight to prevent the intrusion of flue gases from the boiler
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replacement. The floor tubing of the unit was found to have extensive

thinning and will be replaced up to the entrance of the cyclone in the

furnace area by SIPC.

Both cyclones show signs of significant tube thinning. The most severe
thinning is located on the bottom half (3 o'clock to 9 o'clock) ofboth cyclones.

The amount of tube thinning in both cyclones averages approximately 15 to
m

20% of the original thickness. However, in the design of the cyclones, extra
heavy wall tube (1-15/32 hl. outside diameter (OD), 0,25 in. wall thickness)

was selected due to the expected tube wastage. For the 1-15/32 in.

OD tubing, the code calculated minimum wall is only 0.06 in. thickness.
Fabricating the cyclones with 0.25 in. wall tubing incorporates a large

corrosion allowance into the design. Therefore, the average amount of tube

thinning is not detrimental to providing a year of reliable service. Figure 23

shows the inside of one of the cyclones after it was cleaned and inspected.

It is noteworthy that previous tube failures in the cyclone indicate that

isolated problem areas do exist. While the lowest thickness reading was

0.17 in., lower wall thicknesses probably exist and may cause a few tube

leaks during the next year or so of operation. These tubes will be repaired
or replaced.

The UT survey taken of the front waterwall indicates that severe

corrosion has occurred on the exterior (non-fireside) surface of the tubes.

Some of the readings are below the calculated code minimum wall

thickness of 0.102 in. for 2-1/2 in. O.D. tubes. Replacement of the affected

area is required to remove those tubes which will probably fail during the

" next year of operation. As a minimum, the first 16 tubes in from the side

wall (not including the areas of new tubing at the furnace comers installed

" by SIPC)willbe replaced.The replacementtubeswillextendfrom thetubes

currentlybeinginstalled,tojustpastthefrontwalltofurnacerooftube

)end.A viewofthefrontwalltubespreparedforUT testingisshown in

]_igure24.

The buckstayson thereargasoutletductarebadlycorrodedand will

be repairedorreplaced.Two brokenbuckstayslocatedon thefrontwall
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confirm concerns regarding the integrity of"the supports. No significant

limitations or effects on boiler operation is expected over the next year

unless furnace pressure excursions occur. Most likely causes of downtime
over the next year are possible fatigue failures at the buckstay/tube

attachments. The cyclic duty, external corrosion and attachment design
create sn environment conducive to fatigue crack growth. Past fatigue

failuresattheselocationsindicatethatsome oftheexistingattachment

weldsareinvariousstagesoffatiguedamage. Non-cyclicoperationwill

limitthenumber offailureswhichwilloccuroverthenextyearof

operation.

Allofthepressurepartsinternaltotheboilerfurnace(superheater

and generatingbank,etc.)appeartobe ingoodcondition.No signsof

damage whichwould causereliabilityproblemswere noted.Damage to

externalpartsoftheboilerhas beencausedby fluegasleakingtothe

externalsurfacesoftheboiler,thencoolingand mixingwithwaterand

oxygentoproducea corrosiveenvironment.Streaksofyellowinthe

depositsfoundon thecorrodedareasindicatethatsulfurmay have a major

partintheproblem.Repairingtheleaksand prohibitingthecorrosive

environmentfrom developingwillhave significantpositiveeffectson the

nextyearofboileroperation.

Broken refractoryaroundthesuperheatertuberoofpenetrationsand

holesinrefractoryoverthefurnacerooftubeswillbe repaired.These

repairsarenecessarytopreventgasleakstoand excessivebuildupofflyash

inthepenthouse.The additionalweightofany flyashbuildupinthe

penthousemay causedamage totheroofrefractmTand tubing.

Laggingand insulationoverthefurnacewillbe replacedincluding

hangerrod sealsand covers.Laggingjointswillbe weatherproofedusing

sealant.Repairingthelaggingand insulationisnotvitaltoa one year

operationcyclesincethelaggingisprimarilyforpersonnelprotectionand

weatherproofing.

Allcasingendorsingdead airspaceswillbe repaired.Each airspace

willbe made airtighttopreventtheintrusionoffluegasesfromtheboiler
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and moisture from the outside. None of the observed corrosion in the dead

air spaces is serious enough to affect the boiler's reliability over the next
year.

Gas outlet duct support systems need to be replaced. Severe corrosion

of the supports may lead to failure at any time. Holes in the ductwork

should be patched to minimize the amount of escaping flue gas. Holes in
a

the flue gas pressure boundary adversely affect the performance of the

boiler. Buckstay attachments along the rear and side walls (exposed to

" weather) will be inspected.

Modifications to Existing Cyclones

The existing cyclone furnace will be modified to install the

LNS Burner. The internal diameter of the existing cyclone furnaces is

about 7-ft. Therefore, a portion of the cyclones existing conical front-piece

will be removed. A truncated mating support ring will be welded to the

cyclone furnace. The LNS Burner will be attached to this opening. The

cyclones existing tangential air ports will be blocked off with refractory.

4_L4 _ Screen

'r_ increase the slag removal efficiency of the existing cyclone design

and thereby accommodate the increased ash loading inherent with the

LNS Burner_ each cyclone's reentry throat will be removed and replaced

with a staggered, refractory-covered water-cooled slag screen. Figure 5

shows this concept. At the slag screen stage in the LNS Burner, the

. resulting combustion gases are sufficiently hot such that the coal ash is in

molten droplets (called slag). The droplets contact the tubes by inertial

. forces and flow down the tubes into the boiler. The slag drains down

through the boilers slag tap and into a water.filled slag tank. The material

solidifies and is sluiced with water into the slag pond.

To form the slag screen, the 2-1/2 in. OD on 3 in. centers front

waterwall tubes will bend inward at alternate intervals vertically

traversing the cyclone discharge opening forming a staggered array. Both

_ II _ '' _ r _ ,i I , _,l_l ,7 .... i _ , I'_ Ii J i ii II. , ni ;,h I_ I ...... _ , _ _ * , _-_ = i_ _ i _,_ -i_ --_-
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the front and rear rows of tubes will be studded and coated with refractory

to protect the metal from the slag/fly ash loads. The heat flux on these tubes
is expected to be the same as that on the existing cyclone throat tubes. The
end view towards the boiler is shown in Figure 25.

The total pressure drop (air inlet to gas outlet basis) across the LNS

Burner and slag screen is estimated to be about 30 in. of water gaugeL t,

(W.G.). As _he slag collects on the screen, it drains to the slag tap located in

the boiler's floor. This slag screen technique will provide a positive control

of the larger size coal ash, resulting in a controlled unifot:n fly ash particle
size. Further, even with the higher expected ash loading from the LNS

Burner, the quantity of the fly ash load downstream in the boiler and ESP

system will be maintained to less than that of the original cyclone system.

4_5 NOx Control, Final Combustion (Overfire Air)

The location of the overfire air is determined by two criteria:

* Combustion air mixing requirements to complete CO burn out.

, Operation within the gas temperature limits to avoid formation of
thermal NOx.

Since the furnace gas velocities are relatively low (about 20 ft/s) and the

furnace cross section large, the ability to achieve acceptable mixing quality

is dependent on the number and location of air ports, injected gas
momentum, and angle of injection. Obviously, the lower in the furnace the

air is introduced, the greater the available residence time for mixing. The

locationoftheoverfireairinjectionwas determinedfrom a furnaceheat

transferanalysisthatdefinedgas temperatureas a functionoffurnace

height.Overfireairisdistributedintotheupperregionofthe furnace

throughtwelve4-in.-diameterpipes.The airusedforoverfirecomes from

thespentpulverizersweepairexitingthecoalseparators.To increase

turndown capabilityand tobettermatch thepulverizeroperating

requirementstooverfireairdemand,a bypasslinefromtheoutletofthe

coalseparatorspermitsa smallfractionofthespentsweepairtobe

dumped downstream intothe ash multicloneseparator.
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Cyclone furnaces operate with high excess air and at high

temperature. The heat release during combustion is very high and as a
result the boiler volume is much smaller than would be found in a

conventional pc-fired system. The Marion unit 1 boiler entrance has a

small cross-section; about 5-feet depth and about 20-feet in width.

The LNS Burner's combustion process is fundamentally different from

that of the cyclone, and the combustion products are also different. The

. LNS Burner products enter the boiler as hot, fuel-rich gases. Additional

overfire air must be added to complete this combustion step with care taken
to avoid the formation of thermal NOx. If done correctly, SO2 is controlled

and significant NOx reductions are achieved. Because of the small boiler

volume, flow modelling was found to be necessary to insure that adequate

mixing of LNS Burner combustion products with air can be accomplished
to achieve NOx emissions goals.

Design requirements for the air i_ection system for the Marion boiler

were developed using a commercially available computational fluid

dynamics (CFD) computer program, FLUENT developed by Create, New

Hampshire. A series of runs were made to obtain a design for final air

injection that met the process design goals as closely as possible.

A primary design goal for the overfire air (OFA) system is to control

gas temperatures at the boiler superheat region to the same temperatures

that existed in prior cyclone boiler operation (1900 - 2200°F). Constraints on

this goal took two forms: the physical geometry of the boiler and process

. considerations. The physical constraint was the small depth of the lower

: boiler at Marion, which offers a limited volume for mixing air into the

gases exiting from the LNS Burner. Air addition within the boiler must be
carefully controlled in order to limit the formation of thermal NOx until the_

flue gas reaches the superheat region. Additionally, as the design matured

a concern developed over gas temperatures in the lower boiler relative to

: slag fusion points. A new design goal was added to insure gas temperature

below the slag screens was above slag fusion points to guarantee that slag
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from thecombustorswillflowproperlytoand throughtheslagtaplocated

intheboilerfloor.

FLUENT isa finitedifferencecomputerprogram usedforsolvingthe

Navier-Stokesequationswithina computationaldomain. Itcantreat

3-dimensional,steady,turbulentflowswithchemicallyreacting

componentsand convective/radiationheattransferatboundaries'This

combinationofphysicalmodellingabilitiescorrespondstotherequirements

fordesigningtheMarion airinjectionsystem.

Becauseofthescaledifferencebetweensmallairportsand overall

boilerdimensions,simulationofboilerflowfieldsinevitablyleadstolarge

modelswhich translatesdirectlytolongcomputerexecutiontimesneeded

toachievea reasonablyconvergedsolution.A goalwhen using

CFD programs is to maximize the node size (coarse grid) which minimizes

the number of nodes and yet keeps the computational errors within bounds.

Small jets entering and mixing in large volumes make this a difficult task.

For the Marion boiler, right-left symmetry allowed a half-width model

(sidewall to boiler centerline) to be used. This helped reduce the number of
nodes. H_wever, the need to mix air within the entire boiler volume meant

that the model had to cover the full height and depth.

Two models were used in the development of design requirements:

first a model with 79,092 nodes (Runs I through 3); and a second model
(Run 4 and following) with 116,480 nodes. The first, simpler model used

78 nodes from floor to roof (56.1 ft); 26 nodes from front wall to rear wall

(12 ft); and 39 nodes from sidewall to boiler centerline (9.25 ft). The second,

more detailedmodelused 80 nodesfromfloortoroof;26 nodesfrom front *

walltorearwall;and 56 nodesfrom sidewalltoboilercenterline.The

proportionatelylargernumbers ofnodesinthesidewaysdirectionwas

neededtoaccommodate non-symmetricalairinjectionlocations.The

changeinuode number reflecteda changeintheslagscreendesignand

elevation of the OFA relative to the evaporative rear platens in the boiler.

• The modellinghas been completedand a finalreporthas been

prepared.The calculationspredictedattheprocessdesigngoalofenough
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tertiaryand especiallyOFA ndxingwiththeslagscreengas flowforgood

finaltemperaturedistributionwillbe met. The modellingindicatesthat

therearesome smallcham_elsofhotgas nearthewallsat2500°Fwhichis

higherthan desired.However,thesechannelsarepartoftherearwall

separationflowfrom thesuperheaterinletbottomedge.As theflowmoves

intothesuperheater,theheatisdissipatedintothewallsand gas

temperatures range from 1600°F to 1900°F over the majority of flow, with

peak temperatures of 2200°F. The predicted temperature field entering the

• super heater is reasonably uniform.

4_2.6 System Air Ducting Design and Modifications

The following modifications were made to the arrangement of new and

existing ducts to accommodate the LNS Burner's air entry requirements

and removing the existing cyclone burner _rimary and secondary air duct
connections:

• Removal of the cyclone's primary air duct, blockage and sealing of the
cyclone's secondary air entrance ducting and removal of the entire
section of existing 54 in. diameter secondary air ducting downstream
of the existing air flow measuring venturis.

• Interconnection of the LNS Burner air ducting to the new terminus of
the 54 in. diameter secondary air ducting. _ach duct section was
equipped with a control damper and mass air flow measuring device.

For the over-fire air requirements, new furnace wall ports will be

incorporated into the design and installed in both front and rear walls. The

design of these ports were confirmed with boiler flow mixing modelling as
. discussed previously.

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

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

the Atrita pulverizer and transport blower inlet ducting. This inlet ducting

was equipped with a flow control damper and air flow measuring device

(a mass flow meter for the transport blower; a segmental orifice plate for

the less critical Atrita circuit). In this way, control of air flow and
temperature could be achieved in both flow circuits.
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Allduct__ willbe fabricatedfrom I/4in.carbonsteelplateand sized

toprovidea nominalfullloadductvelocityof60 ft/s,therebyachievinga

reasonablebalancebetweenductsizeand systempressuredrop.

The existingFD fanflowcapabilityissufficientforallairflowcircuitS,

however,theFD fan'sdevelopedhead requireda boostfromthepulverizer

primaryairfanfortheboilercombustionaircircuitand a boostfrom a

separatelyprovidedtransportblowerforthecombustorair/fuelfeedcircuit.

Modificationstotheboilerfurnacewallsand fluegasducfingwere

completedtoaccommodate furnacetemperatureand fluegas sampling

portsr_spectivelyrequiredduringperformancetesting.The modifications

were requiredtopermittestprobestobeinserteddirectlyintothefluegas

streamsand furnacestreamstodeterminetemperatureand gas analysis

profilesfortheBaselineTesttobe comparedwiththeretrofittedplant.

4.2.7 Turbine C_erator And Supporting Sys_

Modit_ations to the turbine generator and supporting systems are not

required°Theirperformancewillbe unaffectedsincetheheatinputtothe

boilerfrom theLNS Burnerswillbe thesame asfrom theoriginalcyclone

burners.Some maintenanceisrequiredtoinsureunitreliabilityis

acceptablefordemonstrationtesting.

4_2.8InstrumentAir

A new centrifugalaircompressorsuppliedby SIFC furnishessupply

airtoa new 4 in.header.The existinginstrumentairdryerisfedfromthe

new headerand suppliesairtotheunit,thenew FuelPreparationBuilding

and thenew fuelsystem.

4.2.9 Existing Coal Bunkexs and Feeders

The existing coal storage bunkers allow for 16 h of full-load operation.

The coal feeds by gravity to existing weigh belt feeders. The existing coal

feeders are being upgraded from a mechanical _o microcomputer-based
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feeder controllers which have better accuracy and control. Also, the feeders

areraisedfrom thefloortoenabletheinstallationofcoaltransferconveying

equipmentwhichinterconnecttheexistingcoalfeedsystemtotheretrofit

fuelpreparationbuilding.Otherthanthemodificationstotheexistingcoal

feedersand chutesrequiredtoaccommodatethenew cross-feeder,no

additionalwork willbe requiredtotheexistingplant'scoalhandling
. facilities.

4.2.10 Ash Waste Collection
Q

The existing ash waste collection system will be used. This facility was

thoroughly reviewed to assure environmental standards would continue to

be met. No issues were identified that might change the existing operation.

The existing cyclone slag is sluiced by pipes and water pumps into a
slag collection pond. Slag is removed from the pond and sold by a vendor as

grit blasting material.

Currently, fly ash is also water sluiced to a fly ash pond. The existing

cyclone ash has a significant carbon content in the ash which can ignite if

pneumatically conveyed. However, it is expected that the fly ash produced
with the LNS Burner will be very low in carbon (nearly zero) such that

pnetLmatic conveying will be safe to use. The LNS Burner fly ash would
then be mixed with SIPC's unit 4 limestone wet scrubber waste as a

stabilizing material and used for landfill.

4.2.11 Boiler Maintenance
D

The maintenance program for the Demonstration Phase of Marion

Unit #1 was established from dats provided by SIPC. The program was

based on maintenance history for a single 33 MW unit averaged from actual

data for all three Marion 33 MW units. Ali have been operated recently

either for peaking service for replacement power or when l_lit 4 was shut

down. Recent performance of unit 1 observed by site personnel and

development of a list of known equipment and other defects which directly

effect bot_ peaking and baseload operating capability indicate that
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preventative maintenance will be required prior to commencement of'
Demonstration Testing.

The following is a summary of tasks associated with preventative

maintenance program to be accomplished prior to Demonstration Testing:

• Repack the 1st valve (root valve) and critical valves in key piping
systems. Repack 1st and 2nd valves to level, flow and pressure
transmitters and replace instrument piping as necessary.

• Inspect unit 1 balance of plant heat exchangers and
chemically/mechanicaUy clean as necessary.

• Replace high pressure drain valves (2 in. and under) as necessary.

• Load test and replace two main steam line hangers.

• Check out, calibrate and ttme existing urdt field instrument.

• Inspect and rebuild key control valves.

Load test/replace two main steam pipe hangers and check sway
suppressor.

• Set the dram and superheater safety valves.

• Repair the broken personnel protection safety locking devices on the
electrostatic precipitator.

® Repair the known boiler and multi-clone casing and breaching leaks.

• Replace defective insulation and lagging and reinsulate uninsulated
areas of the boiler breaching, casing and ductwork.

• RepF.ir the superheater drain piping failures - may involve the
replacement of approximately 160 ft of 1-1/2 in. Schedule 80 piping.

• Replace the boiler blowdown tank.
a.

• Replace the defective bushing on the No. 3 electrostatic precipitator
field.

• Miscellaneous maintenance to local power supplies, plant lighting,
and electrical controls. The above maintenance items will be
completed in parallel with retrofit construction in Phase II of the
project.
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4.3 NEW FUEL PREPARATION BUILDING DESIGN

A new structure will be constructed adjacent to the unit I to house the

new fuel preparation equipment and silos. This structure, sized

approximately 24 ft wide, 27.5 ft long, and 95.5 ft tall will include the

following: (see Figure 26 through 29 showing various elevation and plan

viewsofthe fuelpreparationbuilding).

• Pulverizer.

• Cycloneseparator.

• Fueltransportblower.

• Fuelpipes,coalsplitters,hotand coldairducting.

• New limestonesiloand gravimetricfeeder.

• New additivesiloand gravimetricfeeder.

• New cross-feedcoalconveyor.

• New switchgeartosupplypowerand overloadprotectiontothenew
equipment.

4_1 Design _ption

Architectural sketches and layouts of the fuel preparation building

were prepared to define the structural steel framework for the building.

Floor and roof drawings and elevations were produced showing the

locations of ali doors and other openings and these were developed into

detailed drawings for use in material procurement and construction.

" 4.32 Civil and Structural Design

The Marion site Soils Report was reviewed to determine conceptual

foundation requirements of the fuel preparation building design.

Existing borings obtained from SIPC in the area of the new fuel

preparation building indicated that the natural soil would probably provide

L
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suitable foundation bearing material. The actual conditions as they

actually existed were not known, particularly regarding backfill for

adjacent buildings and previous structures. Based on verbal information
received from SIPC, it was assumed that the area was assumed returned to

the original condition after construction and demolition of an old facility.

This was confirmed prior to completion of the foundation.

Two new test (2) borings, each to a 30-foot depth, were drilled to

confirm the validity of the previous soils report data. The results confirmed

the previous Soils Report data.

A structural steelwork arrangement was developed from the

architectural layouts and design parameters established. These were

revised and updated as vendor equipment information on dimensions and

loadings became available.

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

preparation building, structural steelwork and foundations for the bucket

elevator and the foundation for the continuous emissions monitoring
shelter.

At SIPC's request, the bucket elevator location was changed from the

east to the south side of the new building to avoid impacting existing

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

conveyor system being used to transport the materials from the bucket

elevator to the limestone and additive silos. These changes impacted the
structural flaming designs and details for the roof and floor plans and the

foundation concepts. Significant calculation and drawing revisions were

required.Subsequently,materialand/ordetailingchangeswere necessary.

Duringthisperiod,themost significantreworkoccurredas a resultof

a requestfrom SIPC toupgradethedesignstoconformwithSeismic

Zone 3 Criteriadue tothesite'scloseproximitytotheNew Madrid Fault.

• Alldesignshad originallybeen performedforSeismicZon_ ?_criteriain

accordancewith coderequirements.This requestresultedinmajor
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calculationand drawingrevisionsand entailedsignificantmaterialand

detailingchanges.
o

Approximately15 structuralmembers requiredreplacementwitha

largersection,9 additionstructuralmembers were added as a resultofthe

increased seis_c/forces, and significant number of minor detailing

changes were req_ired to columns, bracing, gusset plates and connection
details.

. Elevationdrawingswere revisedtoshow accessrequirementsfor

maintenanceofthecoalconveyorwhich transportscoalfrom thesilostothe

Fuel PreparationBuilding.

Similarrevisionswere made totheroofdrawingstoshow allroof

penetrationssuchas hatchesand ventilationdetails.

Designand draftingwork associatedwiththeinstallationofequipment

and racewaysintheexistingplantstructureswas completed.Evaluations

ofstructuraladequacywere performedand modificationsdesignedfor

existingstructuralcomponentswhich neededstrengtheningto

accommodate theadditionalloads.

Design documents,calculationsand drawingswere finalizedin

preparationformicrofilmingand projectdesigncompletionclose-out

procedures.

4_3 Mechanical Design

- Fuel PreparationBuildingequipmentheatloadsand ventilation

requirementswere determined.The largeamount ofheatreleasedby

. electricmotors(725.HP)inthefuelpreparationbuildingrequiredtheuse

ofpowerventilators.Roofventilatorswere selectedsh'icetheywere

self-containedand reliable,and wouldmore effectivelyremove theheatthat

accumulatesin theupperlevelsofthebuildingthan wallmounted fans.

Each ventilatorisequippedwitha localadjustablethermostat,and a

backdraftdamper. Inletairisadmittedneargradelevel,belowthefeeder

floor,throughweatherlouvers.Each willbe providedwithmanual shutoff
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dampers whichwillbe manuallyclosedinwinterasrequiredtomaintain

room temperature.

Fireprotectionforthefuelpreparationbuildingwillbe providedby a

drypiperisersystemwithhoserackson thegroundand feederfloors.Ali

areasofthebuildingwillbe accessiblewitha 75 footfirehoseand automatic

fillingofthesystemwillbe initiatedby openingany hosevalve.Water will

alsobe availablefromtwo yardhydrantsoutsidethebuilding.

The fireprotectionsystemwas designedinaccordancewith

requirementsforGroup F-1ModerateHazard Factoryand IndustrialUse

and theapplicableNFPA codes.

Mechanicaland pipingpenetrationsinthesidingand roofoftheFuel

PreparationBuildingwere locatedfrom thepreliminaryroutingofservice

systemspipingtotheequipmentinthebuilding.Fieldinspectionshowed

thatadditionalremovablepanelswere alsorequiredinthenorthwall

sidingtogiveaccesstothecoalfeederconveyor.

4.3.4 Pain_t_

A study was made to determine final painting requirements for the

Fuel Preparation Building and mechanical equipment. The structural and
miscellaneous steelwork was coated with an epoxy polyamide after

fabrication and before delivery to the site. It was determined that this

coating is suitable for all steelwork surfaces within the building envelope
because service conditions are not corrosive and will not be detrimental to

this particular epoxy.

All outside surfaces which are exposed to ultra-violet light will require
t*

a finish coat of enamel because ultra-violet light can cause deterioration of

the epoxy within five to ten years. All such exposed surfaces, including the

steelwork supports for the bucket elevator and the screw conveyor to the
limestone and additive silos, will have a finish coat of Kolorane U Series

enamel.

p
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Ali uninsulated piping and mechanical equipment which was treated

with a light red oxide primer will be given a finish coat of standard enamel.

All finish coat paint will be applied after construction has been

completed to avoid damage to the paint during construction activities and

the need for subsequent touch up.

4.4 NEW EQUIPMENT AND PIPING IN FUEL PP_PARATION
BUILDING

AII new mechanical equipment _'equired to support the LNS Burners is

located in the fuel preparation building, except for a new coal conveyor

which will receive coal from the existing plant coal feeders and transport it

through the unit 1 boiler siding to the fuel preparation building. The

arrangement of equipment is shown in Figure 20 and 21, Partial Plan and
Section.

4.4 ......._,a_ Storage

New silos will be provided for the storage oflimestone (3118 i_3) and fuel

additive (750 ft3) inside the fuel preparation building. These new silos are

sized for 45 hours and 73 hours of full load operation respectively. The

upper sections of the silos are cylindrical in shape and fabricated from mild

steel. The lower sections are conical with sides sloping at 70 ° to the
horizontal to ensure the flow of wet material and are fabricated from

stainless steel to reduce friction and prevent corrosion.

. Bulk storage for four days supply of limestone and fuel additive will be

located approximately 100 feet south of the common stack for Units 1 and 2,

. and will be sited to avoid obstruction to plant maintenance and laydown
areas. This location was chosen to ensure that the silos could be filled with

materials from the bulk storage stockpile within a maximum period of one
hour.

The limestone bulk storage stockpile will not be covered because the

graded limestone currently used by SIPC at the plant is known to flow freely
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in all weather condition. The fuel additive stockpile will be covered with

tarpaulins.

Loading of materials from the stockpiles will be carried out by the

existing rubber tired loaders used at the plant.

Coal will be stored in the existing coal bunkers at the plant because

preliminary studies showed that a coal conveyor from the existing plant

storage would be less expensive than new bunkers and feeders. It was also

consideredthatmaximum utilizationoftheexistingplantfuelfeedwould

assistextrapolationoftheretrofitdesigntofitotherexistingplants.

4.4,2MaterialsHandling

The originaldesignconceptwas basedon theuse ofpulverized

limestonedelivereddirectlytothenew storagesilos.A subsequentdesign

studyconfirmeda changetocrushedlimestonetotakeadvantageofits

availabilityatthesite,ata considerablesavingincost($6/tonversus

$30/ton),where itisusedfortheunit4 scrubber.Additionalloading

equipment,includinga bucketelevatorratedat144 tons/hourand loading

hopperof240i_3capacitylocatedatgradelevelwererequiredtohandlethis
material.

The existingSIPC coalhandlingsystemwillbe used,withtheaddition

ofa covered,explosion-proofconveyortointerceptcoaldownstreamofthe

existingcoalfeedersand transportittothefuelpreparationbuilding,lt

was originallyplannedtousetheexistingcoalfeederswithoutmodification

and a dragchainconveyortotransfercoalfrom theexistingfeederstothe

pulverizer.The dragchainconveyorwas laterreplacedby a coveredbelt

typeconveyorof25 tons/hourcapacitymeetingNFPA-85F requirementsfor P

explosion-proofdesign,whichisexpectedtooperatemore reliablywith

abrasivecoals.Additionalspacerequirementsforthenew explosion-proof

beltconveyorand tI.egeometryofthedischargechuteatthepulverizer

necessitatedtheraisingand rotationoftheexistingfeedersinunitItofit

the new arrangement.The coalhandlingarrangementisshown in

Figure31.
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Coal, limestone and additive will be fed to the "Attrita" pulverizer

where the materials will be thoroughly mixed and pulverized to a grading

of 70% passing a 200 size mesh. The pulverizer is sized to handle the full
design coal flow plus limestone and additive at a maximum rate of

23 tons/hour. At full load, the pulverizer has a reserve capacity of

3 percent.

The existing coal bunkers and the new silos for limestone and fuel

additive will be fitted with air cannons to clear blockages in material flow.

4.4_ Coal Piping Layout and Materials

Coal and fuel piping to the LNS Burners are either fabricated from of

wear-resistant material, or will incorporate provision for rotation of the
pipe sections to equalize wear. Minimum flow velocities of 4,250 film were

used to prevent settling of the coal in the pipe.

Pipe materials for the LNS Burner and fuel systems will be carbon

steel. Materials for burner support auxiliary systems match those of the

existing plant systems.

The original coal delivery piping design for the LNS Burner required

coal feed splits from one 12 in. diameter to six 5 in. diameter pipes. The
design of the coal splitter assemblies had not been finalized at that time and

it was assumed that the splitter location would be at the burner.

The coal splitter design eventually selected for the retrofit is orientated

. vertically with flow entering at the bottom and leaving from the top. Several

straight pipe runs are required on the upstream side of the splitter to

, achieve a uniform distribution of flow. Because this pipe configuration

could not be accommodated in the space available at the burner front, the

coal splitter assemblies were relocated in the Fuel Preparation Building.
An optimum route for the two sets of six 5 in. diameter fuel lines was
selected.
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The relocationofthecoalsputterassembliestotheFuelPreparation

Buildingincreasedby sixtimesthelengthoffuelpipebetweenthesplitters
'iand theburners.With buttweldedpipejontsasintheoriginaldesignand

allowingforthereductionindiameterfrom 12in.to5 in.,thecostwould

haveincreasedby more than3-1/2times.Afterfurtherstudy,a

combinationofflangedand mechanicallycoupledjointswas adopted.
P

r

Pipingrunsfollowtheshortestand most directroutestominimize

pressuredropsinthesystem.Alifeeders,chutesand pipingfrom the

pulverizertotheLNS Burner,includingthecycloneseparator,willbe

designedforan internalpressureof50 psiginaccordancewith

NFPA-85F requirements.The generallayoutofcoalpipingfrom

cyclonestoburnersisshown inFigures27 and 28.

4.4.4 Son& Flow Splitting

The pulverizedcoal,limestoneand additivearepneumatically

conveyedfromthebottomofthecoalseparatorcyclonetothetwo

LNS Burnersthroughtwo setsofflowsplitters.The requiredsplitisoneto

twelve,withsixcoalpipestofeedeachofthetwoLNS Burners.RileyStoker

usesa standarddesign"rifflebox"whichworks wellforthem inother

i_tallations.The rifflebox splitterusesmechanicalfingerstosplitthe

incomingflowstreamintotwo outlets.The standardrifflebox design

cannotbe easilymodifiedtousemore thantwo outlets,soa designwas

developedwhichwouldtaketheflowfrom eachrifflebox and dividethat

flowintosixoutlets.Thissplitterisbasedon designsusedinthecoaland

steelindustries.The splitterchosenisorientatedverticallywithflow

enteringthebottomand leavingfromthetop.Thisone-to-sixsplitterdesign

issimilartothatsuccessfullyused forTransAlta'sapplicationofthe

LNS BurnertotheLNS-CAP ProjectatColdLake,Alberta,Canada. This

designincorporateone tothreesplit.

The Marionsplitterisplacedina longverticalsectionofpipedesigned

toeliminateany non-uniformflowofsolids.The flowentersthroughan

expandinginletwherethevelocityofthegasand solidsisreducedtoensure
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that the solids are uniformly distributed over the internal cross-section.

The outlet pipes are located in a contracting cone to increase their velocity

before they enter the coal conveying pipes to reduce the contraction losses at

the outlet. The split of the solids is expected to be within the desired limits.

A drawing of the sputter is shown in Figure 32.

4.4.5Fuel OilSystem

Details of the fuel oil system have been completed and incorporated into

• a Process and Instrumentation Drawing (P&ID). The existing ignitor oil

pumps and piping will be used up to and including the ring header at the
boiler front.

The LNS Burner ignitor oil guns will be supplied from the existing fuel

oil system, but the system storage and pumping capacities will be upgraded

as necessary to accommodate the increased ignitor fuel requirements.

4.4.6 l_t Collection

Dust collection for the limestone and fuel additive handling system will

be by means of a power operated bag filter installed on the limestone silo
which will draw dust-laden air from the entire system. The filter will be

self-cleaning and fines will be returned to the limestone silo.

Dust in the coal system will be controlled by the flow of low pressure

seal air through the coal conveyor to the pulverizer.

4.4.7 Pul_

A Riley Attrita duplex pulverizer will be used to pulverizer the coal,

. limestone and additive mixture to 70% passing a 200 mesh screen. This

= _mit is fabricated with abrasion-resistant materials and is powered by a

600 HP electric motor. The Attrita pulverizer is shown.in Figure 22.

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

temperature level achievable from the air heater and amount of remaining

moisture required in the pulverized product. Because the required
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pulverizer carrier air flow exceeds that required to convey coal to the
combustor, au indirect system is used in which a high-efficiency cyclone

separator removes all pulverizer carrier air (which in turn becomes boiler
overfire air) and collects pulverized product for rotary valve injection into a

separately metered air flow combustor coal delivery stream. This latter
circuit contains a booster transport blower, two, two-way riffle distributors,

two sets of fight shut-off valves (17FPArequirement) and two, six-way fuel

splitters.

4.4.8 _oue Sepm*ators

Two 50% cyclones are used to separate pulverized coal from the sweep
air. The units are 5 ft in diameter and are refractory-lined for abrasion

protection. A shutoff damper permits one cyclone to be isolated for better
turndown. The cyclones at full load have a design efficiency of 99.4% with

the expected pulverizer size distribution. Figure 33 shows a drawing of the

two cyclones.

4.4.9 Transport Blower

The coal transport blower is rated at 38,600 lb/h of air at an increase in

head from 35 iwg to 81 iwg. The blower is powered by a 125 HP motor.

4.4.10 Bucket Elvvator

A bucket elevator (rated at 144 tons/h) is used to load the limestone and

additive silos from a 240 ft3 hopper located at grade level.

4.4.11 Coal Conveyor

A coal feed conveyor (rated at 25 tons/h) runs under the existing

weighbelt feeders to collect the coal and transport it to the fuel preparation

building. The coal falls by gravity into the pulverizer inlet.
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4.5 INSTRIffMENTATION AND CONTROL SYSTEM

4o5.1 Criteria

Criteria for the design of the plant control system were established

early in the preliminary design effort. These criteria were subject to

. continual review as the design progressed. The significant criteria are
summarized below:

• I. The controlsystemand equipmentwillbe designedinaccordancewith
industryI&C designcodesand standardsas listedinAppendixC.

2. Controlsystemswillbeprovidedforsteadystateoperationofthe
retrofittedunitinthemain controlroom. The operatorwillalsobe
operatingotherunitsatthesame timewhen notinthestartup ortest
mode.

3. Designcriteriaforstartup and testingwillconsiderone dedicated
operatorinthecontrolroom and one dedicatedoperatoroutsidethe
controlroom.

4. System designwillpermitoperationoftheunitatreducedloadswith
eitherone ortwo burners.Actuatordesignwillbe pneumatic,signal
designwillbe electricand power supplywillbe AC.

5. The LNS Burner willrequiremultiplecontrolloopsforburner
operationsuch as coaland airflow,burnertemperaturecombustion
control,in additiontothoserequiredfortheexistingbalanceofplant

: equipment.

6. A status board will also be required, together with several switches for
operation of auxiliary equipment such as blowers and feeders as there
is not sufficient space for these items on the existing main control
panel.

The combustion control design criteria for the existing plant was used

as the basis for establishing interface requirements between the LNS

Burner controls and balance of plant equipment.

4.5_ Deign

A detailedreviewofunit1 controland instrumentationdrawings,

plantequipment,and maintenancerecordswas completedtodetermine
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LNS Burner "interfacerequirementsforbalanceofplantdesign.

Informationfrom thereviewwas integratedintodesignofthenew

LNS Burner combustionc2ntrolsystem.

Detaildesignofthebalanceofplantcontrolfunctionsforthefeedwater

controls,feedwaterrecirculationcontrols,steam desuperheatercontrols,

generatorcoolingcontrols,and otherminor controlloopsand designof

instrumentationforthematerialshandlingsystemwas completed.

Detaileddesignforcontrolroom layoutand integrationofthedigital ,

controlsystemequipmentintoa functionalsystemwas completed.

Instrumentationand controldevicesnotrequiredforLNS Burner operation

or whichrequiremodificationwere identifiedand demolitionrequirements

were determined.

Demolitionrequirementsfortheexistingboilerfrontpanelwere

defined.Allequipmentthatwillbe requiredforLNS Burner uperationwas

identifiedand designrequirementsforintegrationofthisequipmentinto

theretrofitdesignwere completed.

Maintenanceand upgraderequirementsforbalanceofplantlocal

instruments,actuators,auxiliarycontroldevicesand installationdetail

requirementswere established.

Fieldwalkdowns were completedtodeterminemaintenance

requirementsforallbalanceofplantinstruments.

• 4.5.3 _'buted Control

The existing plant control system combines vintage-1960 pneumatics

with 25-V controls. This equipment is difficult to repair and spare parts

nearly impossible to find. The new control requirements for the

LNS Burner and auxiliary systems greatly exceeded _e limited capability

of this old system. Therefore, the boiler control system is being upgraded to

a modern distributed control system (DCS). The new system will utilize

workstations connected by two redundant data highways housed in three

freestmuding cabinets. The control room operator will have two



CDOE10106N Issue A Final
Page; 88

workstations and an alarm message printer. An engineering workstation

will be lo_tted in a room just to the side of the boiler and will be used for

data acquisition and system configuration management. The new DCS will

completely replace the existing boiler control system.

The DCS wil_ incorl_orate the following three control systems required
for the retrofit :

• combustion controls and auxiliaries;

, * burnerflamesafetycontrols;and,

• dataacquisition.

A microprocessorbaseddistributedcontrolsystemwas selectedforthe

followingreasons:

• There were many common inputswhichcouldbe "'shared"ina DCS,
butwouldrequireseparatehardwiringtothethreeseparatesystems
listed above.

• There was very limited space available in the control room, and
especially on the control board, for operator interface devices and
start/stop stations for new major equipment such as the pulverizer,
fuel/air blower, feeders for limestone and additive. The distributed
control system provided two CRT based operator interface stations for
ali of the start/stop and moldulating controls. These would fit the

, space available.

By utilizing the distributed nature of the control system, one cabinet

will be located at the boiler front resulting in significant savings in wiring

costs. The cabling requirements were significantly reduced by the use of

four data highway cables 250 ft long instead of numerous cables of that

length.

" One DCS cabinet was located where the previous control cabinet was

located utilizing existing wire trays and conduit. The third cabinet will be

located in, available space approximately 50 cable feet away. This has

avoided the need to enlarge or build a new electrical equipment room. The

location of the cabinets and the interconnections of the data .highways is

shown in Figure 34.

=
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The nature of a DCS is such that the cost of the system is governed by

theinput/outputcountand theoperatorinterface.Once theseare

purchased,the computationalhardware costsare insignificantin

comparison.Thispermitstheflexibilitytomake significantchangesinthe

controlstrategyand implement controlimprovementsas testingprovides

feedbackon theoperatingcharacteristicsoftheprocess,i.e.,thecontrol

systemcan be modifiedwithoutpurchasingadditionalhardware.

Another key feature of the DCS is the redundant controller approach
used in the combustion/boiler control and the burner control systems. In

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

automatic control allowing the failed controller to be replaced at a
convenient time.

Design drawings were prepared for the modifications required to the
main control room console to add the control system operator interface.

The existing plant annunciator alarm points were reviewed for all

functions required for operation of the LNS Burner retrofit. It was
concluded that most of the existing balance of plant alarms would be used

with the new system. The er.isting annunciator will be retained for ease of

operation and the alarm points will be wired to the DCS for alarm printing

and logging.

A review of the existing boiler protective interlocks was completed to
determine the functions to be utilized with the new controls for the

LNS Burnerretrofit.Allnecessaryinterlockswillbe incorporatedinto

thenew system,whichisdesignedtomeet applicablesectionsoftheNFPA

standardcoveringboilerand burneroperation.

Detaileddesigndrawingsforphysicalmodificationstothecontrol

room were developed.The lackofspaceinthecontrolroom and the

continueduse ofexistingcontrolfunctionson theunit1 consolesection

prohibitedthetransferofallfunctionstothenew DCS console.The control

equipmentintheexistingconsolewillbe replaced,new operatorinterface
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willbe addedon thetopoftheconsole.Figure35 showstheexistingcontrol

panelareadedicatedforunits1-3.

The bunkerand siloaircannondesignwas modifiedtosuitthe

operationofthecontrollerunitssuppliedwiththeaircannons.Operation

from theDCS was changedtopushbuttoncontrolon theunit1 console

becauseDCS actuationwouldrequireadditionalcomponents.The air

cannonpushbuttonoperationfrom theconsolewillbe similartootherplant

unitsforconsistencyofoperation.

A reviewoftheDCS designdocumentationwas performedtoverify

thatallinstrumentshave beenincorporatedintothecontrolsystemand

thattheBMS logicand combustioncontrol/BalanceofPlant(BOP) loops

have been configuredas shown. Instrumentgroupingwithinthe system

was reviewedtoensurethatcomponentswiththesame end destination

were locatedinthesame areatominimizesystemcablingand raceway.

A studytodeterminedesignand installationrequirementsforsteam

levelinstnunentationforunit1 hasbeen completed.Boilerrequirements

arefortwo independentdirectlevelindicationstobeavailabletothe

operator.The existingretrofitequipmentcompriseddirectvisual

indicationby mirrorvisiblefrom thecontrolroom and a levelgaugeatthe

boilerfrontpanelwhichreceivedan electricalsignalfrom a transmitter

attachedtotheboilerdrum and was alsovisiblefromthecontrolroom.

Both signalsareno longeravailablebecausethesourcesofindicationhave

been obstructedby theLNS Burner.Also,thelevelreceiverthathad been

locatedattheboilerfrontwas foundtobedefective.The studyshowed thata

replacementtransmitterand receivermust be purchasedand installed.

The directreadingvisualsystemwillbe operableafterinstallationofa new

mirror.Adjustmentswillbe _radeand operabilityverifiedduringstartup.

4.&4Acoustlc_'_rometry

Gas temperaturemeasurement isimportantinmany production

processeswhichinvolvedfurnaceorboilerunitssuchas electricutility

steamunits,refusefiredboilersorchemicalprocessrecoveryboilers.Gas
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temperatureshave been difficulttomeasure inthesesystemsbecauseofthe

hostileenvironmentcreatedby thecombustionprocesses._itrusive

measurements usingwater-cooledthermocoupleprobesaredifficult,

costly,yieldquestionableresultsand have generallybeenlimitedtoshort

term tes_applications.

The velocitywithwhichacousticwaves propagatethrougha gas

mixtureisa primaryfunctionofabsolutetemperatureand,toa lesser

extent,a functionofthegascomposition.For most applications,thegas

constituentsand theirrelativequantifiesarewellknown orfallwithina

smallrangeofvalues.The averagegastemperaturesalonga pathbetween

a soundsourceand a receivercan thereforebe determinedby measuring

theflighttimeoftheacousticwave alongtheknown distancebetweenthe

sourceand receiver,as shown inFigure36.

A shortaudiotoneburstwitha specificfrequencyrangeand duration

. islaunchedfrom an electrodynamicsourcetransduceratone sideofthe

boilerand itsarrivaldetectedattheoppositesideby areceivertransducer.
=

The timeinterval,(flighttime),isdividedby thedistancetogivetheacoustic

velocity.

An acoustictemperaturemeasurement systemwillbe installedprior

tothedemonstrationphaseoftheprojectinordertomonitorthefurnace

internaltemperature.The equipmentwillincludeelectronicreadout

purchasedon a rentalbasisand permanent boiler-mountedtemperature

sensors.The systemisrequiredtoprovidetemperatureprofilemap at

elevation550,one temperaturemeasurement down thefurnacecenterline

- atelevation566 and one temperaturemeasurement down thefurnace "

centerlineatelevation540.
_a

The acoustictemperaturemeasurement systemwillprovidethe

-- followinginformation:

1. Perform gas-temperature measurement by measuring speed of sound
on eightchannels.

?

2. Allowrapidsamplingduringquietintervals(suchas sootblower
pauses)whilebufferingthesampled data,forcomputationlater.

_

m

,,

,i ,, ,,, ,_ Fe ,qlr_l ....
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3. Allow periodic activation of solenoid controlled air purge valves to
remove debrisfrom speakerhorns.The durationand intervalare
programmable.

4) Allowforaveragingtemperaturedatausinga variablelengthmoving
average.

5) Presentaveragedtemperaturedatain analogform.

" 6) Accumulatedatalogarraycontainingthemost recentreadingsovera
periodofseveralhours.

4.,4.5AccesstoValve Insm ents and 'rest Connections

A design review of access to valve stations, instrumentation, and test

connections on pipe and duct in the fuel preparation building was

completed. All of these items were added to the general arrangement

drawings and an assessment was made to determine access requirements.

From this study it was determined that there were several valve stations
and instruments where routine access would require the added expense to

design mid construct new platforms. None of these were identified as in a

critical category, although additional access would be desirable.

Temporary platforms that are required for erection and maintenance will

be put in place as necessary during the construction program.

Sketches were made to determine optimum arrangements for the

LNS Burner Platforms and layout of equipment related to the burner off

ignitor system and instrumentation. The general area around the burner

is extremely congested with operational and test instrumentation and

required a detail study to assure proper installation. The valve rack for the
control valves for each burner will be field fabricated. Auxiliary eqaipment

and instrumentation for the oil ignition system and burner instruments

(two racks each burner) will require field assembly.

4.5.6 Instruments

Existing plant equipment to be retained includes the force draft fan

control drive (modified for constant pressure operation), feedwater controls,

cyclone air flow transmitters and local air devices. Secondary air shut-off
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damper driveswillberetainedinplace,butarenotrequiredforoperation.

New transmitterswillbe provideformain steampressureand flowand

forceddraR fanpressure.

A signalwillbe providedfromtheburnercontrolsystemtotheexisting

coalfeedercontrol,butfeedbackwillnotbe required.Coalfeedindication

willbe retainedinthecontrolroom and allotherexistingplantcombustion

controlequipmentwillbe disconnectedfromserviceand leftinplaceor

removed forstorage.

Additionalengineeringtimewas requiredtoresearchdataon most of

theolderoriginalplantinstrumentswhichhave oftenbeen replacedby

equivalentinstrumentsfrom variousinstrumentsuppliers.

The instrumentinstallationdetaildrawingshave been drafted.These

dravringsprovidestandardtubing,valveand instrumentinstallation

detailsinan isometricformatforallofthefieldmounted instruments.

Alsoshown withthesedetailsaremateriallistsitemizingallrequired

materialsneededtocompletetheinstallationand installationnotes

detailingany specialinstallationrequirements.

A completedconfigurationwas developedoftheDCS inputsand

outputs.Thisallowedfortheidentificationofcircuitstoeachfielddevice.

To minimizetheamount and sizeofracewayrequiredtohousethese

circuitsa studywas undert_kentoestablishways togroupnon-line

mounted deviceslocatedinsimilarareas.Thisapproachwas used in

reviewingeachareawitha largeconcentrationofinstrumentsthathave a

common destination.

As an e_.ample_sincethereislargenumber offielddeviceslocatedat

eachburner,a scheme was developedtominimizethenumber ofconduits

and supports.A stand-offbracketwas designedthatwould allowforthe

mounting ofinstrumentpipingand conduitsoR each sideoftheburner.

Two main conduitswere then run on each sideoftheburnerbarrel

length.Conduitsfromthefieldde_iceson thebarreltieintooneofthetwo

conduitsactingas a main arterydependingon whetherthedeviceiswired
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directly to the DCS or if it is connected to a transmitter mounted on the

instrument rack for each burner. By taking this approach the number of

conduits were minimized in this congested area.

To accommodate temperature measurement of the burner gas at the

slag screen, a terminal point and junction box was designed for the

connection of these three thermocouples per burner. They are housed

inside the existing abandoned burner air duct. Because this is a enclosed

(seal welded) and high temperature environment, a special high

temperature armored cable was routed out through a sealed fitting to a

juncti_on box for connection to the transmitters.

4.5.7 Emissions Monitoring Instrtunentation

New stack monitoring instrumentation consisting of sulfur dioxide,

nitrous oxides, oxygen, carbon dioxide, temperature and opacity

instruments were installed early in the first phase of the project. Relative

accuracy testing of the stack monitoring instruments was completed
duringtheBaselineTes,t.

4.6 ELECTRICAL SYST_,'LMDESIGN

4._1 Design

Design criteria were developed ibr the new 2.4 kV switchgear,

480 volt load center and motor control center, raceway and conduit, motors,

lighting, cable and the removal, dismantling or disconnection of existing

equipment. Applicable sections of Electrical Standards (as listed in

= Appendix C) were used as design requirements for the electrical

. equipment.

Load studiesconfirmedthatthecapacityoftheexistingunit1

auxiliarytransformeris3,750kVA. The runningloadforunitwas

determined to be 3,450 kVA with a spare capacity oi' 300 kVA. Additional

loadrequirementsfortheretrofitequipmentwere calculatedtobe

approximately600 KW whicharetakenfrom thestation's2.4kV system.

The additionofnew switchgearand a new 480 voltloadcenterarerequired.

:IB



CDOE10106N Issue A Final
Page: 95

The existing load center require extensive modifications because of retrofit

requirements for these new equipment loads.

The new switchgear services the unit 1 circulating pump, which was

removed from the existing unit I bus. The new coal pulverizer required for

the LNS Burner retrofit then will receive power from the existing

2.4 kV power supply. Transient load studies will be carried out at the
f

detailed engineering stage to ensure that the system is fully coordinated.

The existingmotorcontrolcenteratthefrontoftheboilerwas surveyed

to_leterminewhichpanelsectionsand equipmentcanbe retainedor

relocated.Thosewhichcannotbe relocatedon theexistingpanelsections

willbe removedand mounted on thenew motorcontrolcenter.Thiswillbe

placedadjacenttotheexistingmotorcontrolcentertoavoidinterference
withthenew LNS Burners.

Load studieswere completedofelectricalequipmentintheFuel

PreparationBuildingforsizingofthenew motorcontrolcenterand

incorporatedindesignand purchasespecifications.Thisincludedline

dropcalculationsrequiredforcablesiziI_g.Allresultswere withininitial

projectestimates.

Load studiesand voltagedropcalculationswere completedforthe

stackmonitoringequipmenttofinalizepowercenterand cablesizing

requirements.Grounding,conduitand power and controlroutingand

connectiondrawingswere issuedfortheequipment.

Voltage drop calculations were completed for the feeder lines to the

circulating water pump and the new pulverizer. Field walkdowns were

completed for the routing of all tray and conduit in the existing buildings to

prevent interferences during construction and thereby optimize design and

minimize construction costs. Electrical cable tray was completed for all

portions of the fuel preparation and boiler buildings. Portions of cable tray

and conduit were routed in longer runs through some portions of the lower

levels of the boiler building to avoid interferences noted during the field
walkdowns.
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Electrical single line schematics were developed for all retrofitted

electrical equipment. Layout of lighting in the fuel preparation building

was completed. Detailed conduit and cable routing were started in the fuel

preparation building.

Studies were made to determine the optimum location of the receiving

equipment of the digital control system. Field devices feeding to the

equipment originate in the new fuel preparation building and the existing

• boiler building. Space was available to locate equipment only in the lower

levels of the plant which would have required long cable runs. From this

study it was determined that plant space which now functions as a storage
and lunch room could be relocated at considerably less expense to the lower
levels and the new control equipment placed in the space thus made

available. Cable runs were thus significantly reduced and access to the

equipment for test and operating perscnnel greatly improved.

The locations of electrical components and peripherals in the Fuel

Preparation Building, such as control panels, terminal boxes and

marshalling junction boxes, were reviewed to eliminate or minimize

structural and piping interferences.

Cable tray drawings for the new and existing buildings were finalized
from the site reconnaissance ¢;ata and design sketches developed during

the previous reporting period. These drawings were issued for

procurement and installation.

. 4.6_2 Fire Alarm System

The fire alarm system design for the Fuel Preparation Building was

developed. Consideration was given to thermal and ionization detectors in

the building, but it was concluded that, because of the high ceilings and the

open nature of the structure, neither type of detector would prove to be
effective. The selected design includes manual pull stations and external

alarm horns.
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4.as

The designofthepublicaddresssystemintheFuelPreparation

Buildingwas completed.Thissystemwillutilizepage/partylinestations

which arecompatiblewiththeexistingsystemusedintheMarionPower

Plant.

4.6.4 Modification Drawings
q

A study was completed to determine the optimum configuration of the

existing plant motor control center to be relocated. The equipment
interfereswithinstallationofthenew burnerand supportequipment.

Resultswer_thatonlya portionoftheequipmentmust be dismantledand

relocated.The portionsthatwouldrequirerelocationwouldhave

minimum impacton thecostofconstruction.Designdrawingswere

issuedreflectingthe configurationchange.

As partofthereassessmentofthecontrolscheme,modification

drawingswere preparedtoidentifyallelectricalpower and controldevices

and associatedcircuitsthatwouldneed tobe modified,relocatedordeleted.

Thisactivityrequiredtherevalidationofeachexistingplantcircuitin

relationtotheoverallretrofitdesign.

The modifiedwiringdiagramforthemain controlpanelhas been

developed.This drawingwillidentifyexistingpanelwiringwhichmust be

disconnectedand removed withthecontroland instrumentationdevices

thatrequireremoval.The electricalterminalswhichbecome availablewill i.,

be reusedtowireup and connectthenew devices,suchas the_drcannon

remoteswitches,whichwillbe installedinthepanel.

The modificationdrawingfortheunitImain controlpanellayoutwas

completed.Thisdrawingreflectsthedeletionofcontroland

instrumentationdeviceswhichhave been consolidatedintotheDCS and the

additionofthebunker and siloaircannonremotecontrolswitches,DCS

systemCRT'sand keyboard.
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4.6.5 Grounding

A review of the existing plant ground grid was completed and

determination made of derails to expand the grid to the new fuel

preparation building.

, Ground systemrequirementsfortheDigitalControlSystem were

reviewed.Two groundsystemswillbe required.The AC safetygroundcan

be connec_d totheexistingplantground,butthesystemcommon ground

requiresa dedicatedand isolatedground conductorfrom eachcommon bus

directlytotheplantgrid.Thesesystemswillmeet therequirementsof

NEC Article250 and wil}minimizethepossibilityofcirculatingcurrents.

4.6.6 Cables and Conduits

Conduit routing drawings of the 480V circuits originating from the

new MCC were completed.

Prior to the relocation of the right half of MCC 1B at the burner front, a

detailed study of the actual loads was performed. This was required to

identify common plant loads that are fed from this MCC and need to be
maintained while unit 1 is shut down for the retrofit. After identification of

these loads, an alternativ_ source of power was located and connected to

ensure continuity of supply.

Detailed design documentation for the powering and control of major

electrical components has been completed. The schematic and wiring

- connection diagrams are used for physical termination of cabling and

identification of the control scheme and interfaces.
|

Piping drawings for the new fuel preparation building were reviewed

to establish physical locations of instruments. The locations of non

line-mounted devices, such as transmitters, were examined relative to the

routing of conduit and raceway. Grouping of devices was maximized to

reduce raceway and cabling requirements.
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Identificationand tabulationofnew electricalcircuitswas completed.

Schedulingofthesecircuitswillincludeoriginand destination,points,

cabletypesand sizesand theroutingofthecircuits.The groupingof

c_rc,m_ by servicetypeend functionhas been established,togetherwith

standardnomenclatureforidentificatioi:ofthe circuit_.

Electricaldesi_ detai'Isforinstrumentationand minor controldevices

have been completed,includingcablingand wiringterminationdata

requiredfo,vfieldinsta_ationand checkout.

Schematicand connectiondrawingsfortheFuel HandlingSystem,

(includingthepulverizer,fv,elt_-_,nsportblower,rotaryvalve,screw

conveyor,divertergate,bucketelevator,silolevelindicator,limestoneand

additivefeeders,coalfeederand co_,lconveyor),were finalizedand drafted°

Th_e drawingsillustxatediagrammaticallythecontrolscheme ofeach of'

theabovecomponentsand alsor_flectexternalcabl_,pullsbetween

compan_ntsand wiringconnectionsat eachcomponent, Allreference

drawingsused todevelopthecontrolschemesend connectionsarelis'ted

- and any pertinentnotesrelated_otheoperationand installationofthe

componentshave been included,

4,.6.7 _us Wiring

Controldesignoftheaircannonsforthecoalbunker and thelimestone

and additivesiloswas finMizedand thecorresponding_wiring/com_ection

diagramwas developed,Each bunkerend silowillhaveup tothree

microprocessor-controlledaircannonswhich,when firedintheir

. predeterminedsequence,willclearany blockages.Each bunkerand silo

_dllhave itsown microprocessorcontrolpaneltocontrolitsaircannons.

Operationofeachsetofcannonswillbe possibleeitherlocallyfrom the

controlpanelorremotelyviaa push-buttonswitchlocatedon theunit1
controlconsole.

-

=
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Schematic connection and wiring diagrams for the flame

scanner/igniter system and DCS control modification for the oil pumps and

_mit1 circulatingwate,r pump were completed.

4.7 MISCEIJ_NEOUS DESIGN AREAS

• 4_7.1Layoutand PipingDesign

Equipment layoutstudies,includingassociatedpipelayout

configuration,were completed.Flow diagramswere preparedformaterial

handlingsystems,a._dfieldwalkdowns ofexistingpipe,equipment,_.:,

structureswere performedtoplanoutnew _[il_ir._4_:']ayou_

• ,,,_.

A generalarrangementdra,"ingwas "',_",_,,,::','_'_..,_.,_,..,.,_,_',--_,,_:._._a_ framework

fordetailingpipelayoutand fabricationdr,:,_,,:,;i:_,_:I._,:i_._:___,,_..._,._.......,_:,

balanceofplantsystems.

LNS Burner system coalpipedrawingswc,r_ ,*_e_.:i_t_vcd)_,.,,,.:_:,_pliance

withthegeneralarrangementsand locationsofL],:,,!i_Bu,:'_',er:_.v_::,mpipe

hangersestablished.

P&ID'swere preparedforthebalanceofplm':_._:t:,_r_i,_:e:_;:,:_:_m and

sketchespreparedforresolvingfieldpipeand equip_*:_:_:_,,.m_,_r,_ctability

problems.PreparationofsuggestedfieldroutingsofbaJanceo.fplantpipe

systemscommenced in accordancewith the generalarrangement

drawings.

. P&ID's fortheLin _st_neand AdditiveHandlingsystemand the

Instrumentand ServiceAirsystemhave been issuedforuse. 2_ne

, Limestone and Additive Handling system incorporates all data from the

vendor's drawings.

Mechanical design requirements were completed for the major

components of' the Materials Handling System. Piping and Instrument

_trawings and technical requirements were completed fbr the bucket
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elevator, coal limestone and additive storage, screw conveyor system and

other related support equipment.

A mechanical equipment list was prepared, equipment weights and
ele_rical loads for all mechanical equipment outlined on the equipment list

were determined, and operat,,'ng requirements for fuel handling equipment

prepared. The equipment list is shown in Appendix B.

Engin ,__ring requirements for plant start up using light oil were

determined.Startup willusean oilgun/i_,_itormounted intheend ofthe

LNS Burner.Each oilburnerhas been sizedforthiscapacitywith

8/Iturndowncapability.150,000gallonsofoilisavailableon siteforallfour

units.No additionalstoragecapacityisrequired.An airatomization

systemisused fortheoilburnersinlieuoftheexistingplantmechanical

atomizationsystem.

Controlequipmentfortheoilignitionsystemwas purchasedasloose

componentsand an engineeringevaluationisrequiredtodeterminethe

most costeffectiv_method forfieldinstallation.Additionalrequirements

such as isolation valves, strainers, small pipe and fit_ngs must be

purchased and bills of material and field installation drawings will be

prepared for these.

= A physicalcheckwas made ofallareasoftheexistingplantand

structureswhere new raceways,pipingorequipmentwere tobe added.

.Thiswas done toidentifypotentialinterferencesand toobtainsufficient

informationtocheckthecapabilityoftheexistingstructurestosupportthe

pipingand raceway hangerloads,sinceno existingstructuraldrawings

were availableThe structuralevaluationswere made and designand

detailingofthehangersupportscompleted.

4,7.2 Piping, Equipment and Valve Lists

Equipment, line and valve lists and piping class sheets were prepared.

Numbering of all lines and valves used the same system as the original

" designdocuments. Pipingclasssheetsareas originallyissuedwherever
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possible, with updates where necessary to incorporate more modem
materials and procedures. New plant equipment has been numbered in

accordance with the Bechtel standard system, since no system exists at

present.

Plant Data Book and the Start Up Plan have been updated to include

equipment system descril_ ',ons. Recommended spares list has been

obtained from suppliers va ._ar_ incorporated in the Spare Parts List.
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Figure 17. SI:PC Unit 1BeforeRetrofit
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Figure 23. Inside of Cyclone
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Figure 24. Front Wall Tubing
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Figure 2& Elevation'View _ Retrofit
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Figure 30. Fuel Preparation Building- Partial Plans
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Figure34.ControlCabinetAreangement
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Figure 35. Existing Control Panel Prior to Modification
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Figure 36. Gas Temperature Measurement
Using Acoustic Methods
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_. PLANT OPERATION

5.1 MANAGEMENT OF TEST PROGRAMS

The TransAlta project manager will coordinate all demonstration test

activity and data analysis. Bechtel, reporting to the project manager, will

coordinate and manage all host site activity and coordinate the testing and

boiler operation with Southern Illinois Power Cooperative. An independent

testing contractor, reporting to Bechtel will provide emissions monitoring .

and data gathering services. Riley Stoker will provide the boiler

performance data gathering services.

A Project Management Plan has been issued to identify the

responsibility and role of each participant in the project. Guidance and

questions from the participants will be an important ingredient as the

demonstration proceeds to assure that the needed information and end

results are sufficiently documented to enable future commercial
LNS Burner retrofits of utility boilers.

5.2 DEMONSTRATION TESTING

As directed by the Statement of Work, the Demonstration Test Program
consists of two test series:

" * BaselinetestingofunitIboilerforactualperformanceand design
informatiom

• Demonstrationtestingafterretrofit.

Thisprogram willallowa comparisonofthehostunit'sperformance,

emissions, and waste characteristics before and after retrofit with the
LNS Burner.

Additionally, a materials monitoring program has commenced to
collect information to enable assessment of the boiler materials of

/

construction for long-term durability, operability, and reliability. When
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fully documented, this information will assist in determining the

commercial retrofit economics of the LNS Burner for utility cyclone boilers.

The specific project objectives to be assessed during LNS Burner

demonstration operation are the:

° Performance and reliability of all system components

° Emissions control capabilities

* Materials performance
* Solid waste charactaristics

52,1 Baseline Testing

Baseline testing of the host unit has been completed. The host tw_it was

operated at steady state conditions of 50, 75, and 100% of rated load to

establish performance characteristics of the host umr, provide engineering
design information, and minimize technical uncertainties in the

application of the LNS Burner. Physical samples of coal, ash and slag,

shfice water, etc., were taken and carefully identified with a full pedigree to

provide a source of information should unanticipated questions arise at a
later date.

Before the baseline tests, permanent and temporary emissions

monitoring equipment was installed in the stack, checked out, and

calibrated. Existing plant instrumentation, supplemented by new test

instrumentation, was also calibrated and used to obtain the required test
data.

- The results of the baseline tests are summarized in Table 5-1.

r,1, . "_Ii ....
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Table 5-1. Baseline Perf_nnnce of Marion Unit 1

Original Design Baseline Test
Marion Unit I (Calculated) (Measured)

Steam flow 0h/h) 335,000 315,000
Coal Flow (ll:_th) 37,000 44,595
Additive 0b/h) 0 0
Excessairleavingairheater(%) 16 54.8
Fluegasleavingairheater(°F) 330 293 _
Airenteringairheater(°F) 110 141
Ash tappedasslag(%) 60 1 60
Waste Disposal(Ib/h)

Slag 3780
Flyash 2440

Emissions(Ib/MBtu)
S02 5.85 5.93
NOx 1.35 0.84

Particulates 0.1 0.32

CO2 % 11.3
02 % 7.8
SO3 Dewpoint(°F) 274
Flow rate(scfm) 151,733

[I II I

Efficiency _ (%)
Dry gas 4.89 4.26
H2 + H20 in fuel 4.56 4.76
Moisture in air 0.10 0.05
Unburned comb. 0.10 6.79
Radiation 0.40 0._5

Slag heat loss 0.85 0.64
Unaccounted& mrg. margin2 0.65 0.50 "

Totallosses 1,1.55 18.12
88.45 82.65

i,

1 Assumed
2 1.5% unaccounted for and manufacturer's margin less calculated

slag heat loss.
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Demonstration and Performance Testing

Af_r LNS Burner retrofit installation, the host unit will be operated for

a ten month period with an anticipated six months of continuous operation

following the load management requirements of SIPC. The unit's

operation will be greater than 75% of full power for approximately three

" months, with operation during the remainder of the period at 100% power.

Weekend operation will be at reduced loads for mildmum manpower

requirements. During the demonstration period, performance testing will

be conducted at the same steady state boiler operating conditions of 50, 75,

and 100% rated loads (repeating the tests condl:cted at baseline).

The data will be compared to the baseline test results. Physical

samples of coal, ash and slag, etc., will be taken and carefully identified

with a full pedigree to provide a source of information should unanticipated
questions arise at a later date.

5Y.3 Materials Monitoring Program

A materials monitoring program will be conducted at the beginning

and end of the demonstration program. Further detail will be developed as
required during the project if any unusual material conditions are noted

and if any material failures occur.

5.3 INFORMATION MANAGEMENT AND REPORTING

The end productfrom thisdemonstrationwillbe a FinalReport.The

" datathatcomprisethisreportmust have an assuredpedigreeand

accuracy.Therefore,sufficientdatawillbe gatheredtoallowa crosscheck

" ofany dataissuedintheFinalReport.ltisa projectrequirementtoimpose

a proprietary"labelon allraw datagathered.Thisprocedurewillbe

followedtoavoidprematurereleaseofinformationbeforetheappropriate

qualitycontroland datareductionproceduresarecomplete,ltisnotedthat

inboilerperformancereporting,a largenumber ofcalculationsand

laboratoryanalysis(suchascoaland ash analysis)isrequiredbeforethe

data(boilerefficiency,etc.)canbe reliablyreported.
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B.4 _ 8TART UP PROCF_URE AND SCHED_K,E

A detailedstartup planand schedulewillbe developedbefore

commencingcheckoutand startup activities.Presentedbelowisan outline

(example)ofstartup tasksdevelopedtoestablishtheLNS Burners

operatingsetpointand controlphilosophy.

B.4.1 Design Parameters

* A_s:_7-eFD fanlimitations:On thelow-speedmotor(300hp),the '"
FD Ianappearscapableofputtingout217,200l_h atabout27iwg.On
thehighspeedmotor(1200hp),theFD fanwillbe capableofputtingout
414,500Ib/hatabout44.2iwg.

* Confirmpulverizersweep air(overfireair)setpoint.

• Confirmairflowtotheboiler.NFPA requiresa minimum of
85,000Ib/h.

• AssureFD fancspacityathighexcessairtoproperlyoperate
LNS Burner oilwarm-up burners.

* ConfirmLNS Burner airflowsatminimum valuerequiredfor
thermalprotection.Overfireairportsdo not requirea minimum air
flowuntiltemperaturesinthisregionexceed1200_F.

• StartbothLNS Burnerssimultaneously.Each LNS Burner canbe
firedon oi,l.

StartUp

• Warm up LNS Burnerson oilata maximum 100°F/hratetomaintain
refractorythermallimitations.

• Bringup temperaturesinbothLNS Burnerssimultaneously

• withinlimitationsof8:1turndown

® by increasingfiringrateofoil

* decreasingstoichiometrytoraisetemperature.

® Increaseheattoboilerby increasingoilrate. (Airflowwillincrease
proportionallywithoilflowup tolimitson FD fanorlimitson
refractorytemperature.)

1



CDOE10106N Issue A Final
Page: 128

• Turbines can roll when pressure at turbine stop valve (superheater
outlet) pressure reaches 600 to 700 psi. With unit 1, this corresponds to
about 3 to 4 MW.

• Beyond this point, thr_e limitations apply:

• SIPC wants to "run in" the turbine for a I h temperature soak.
They do not want any sudden increase in load. To continue to

. increase system temperatures during this time is acceptable.

• LNS Burner refractory temperature ramp limits still apply.
. (Maximum designT < 3200 °F)

Note:itisprobablypreferable,fromSIPC'srequirementstostart
theturbines,toventasmuch aspossibleoftheoverfireairtothe
multiclonestokeep from quenchingtemperaturesinthe
superheater.

• Increaseoilfiretomaximum valueestimatedat15% ofratedload
(-°5MWe).

• IncreaseLNS Burner temperaturesby adjustingairflow.

• Startcoalfuelflowtraderveryoxidizing(excessair)conditionsto
minimizethermalshockstotherefractory.Coalwillbe startedat
minimum turndownpossibletobothburners:

• Confirmadditiveflow.

• Conveyingairat minimum.

• Adjust air flows.

• Overfire air at (determined by pulverizer).

• Turn down oil to minimum fire as soon as stable coal fire is
established and verified.

• AdjustLNS Burnercoalfueland airflowstoestablishdesign
" operatingconditions.

&4_ System Status

• Confirm LNS Burner at operating temperatm-es.

• systems at about 15% coal.

• oil at minimum turndo_m.
m_
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* Turn off oil fire. Make minor readjustment to coal rates/air rates to
compensate.

o Transition to design operating loads quickly. This will require a large
increase in coal fuel rates and corrections to air flow (conveying air
will stay constant until -80% flow reached).

Note: Limitation in rates are 1 MWe/min minimum (source
SIPC)-(corresponds to about +3% load change/rain maximum)

5.5 PLANT AND EMPLOYEE SAFETY
P

H5.1 Safety and Security

Southern Illinois Power Cooperative has issued an plan titled Safety &

Health Action Plan to ensure employee safety and security. This plan has

been reviewed by affected employees. Slac provides a f_dl.time plant

secnrity servie _.wi_, controlled access to the plant through a main gate.

5.5.L1 Safety Admin/stration and _ures

Southern Illinois Power Cooperative has an established Safety &

Health Action Plan dated January 1991 to establish procedures and

adm_Jstration of employee conduct at the power plant site. During the on-
site construction mobilization at the Marion Station, Bechtel has applied its

standard Employee Safety and Health Practices procedures. Those

employees of Bechtel were provided individual documentation and •

schooling in the foUowing areas:

. General safety and health practices.

Including Safety Clearance and Tagging Procedures.

Start up and Lifted Wire and Jumper Tracking.
° Firstaid/medicalcare.

. Occupationalhealth

* Personalprotectiveequipment

* Scaffolding.

° Ladders.

. Floor/wallopeningsand stairways.

• Excavationsand trenches.
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Housekeeping.

• Materialhandling,storage,and disposal.

• Hand and portablepowertools.

• Cranes,hoist,motorvehicles,elevatorsand heavyequipment.

• Riggingpractices.

• Applyingwireropeclips.

. • Firepreventionand protection.

• Welding and burningoperations.

• Electricalequipment.
q

• Safeclearanceprocedure.

• Officesafetyand healthpractices.

e

The Marion Stationmain plant,storagebuilding,headquarters

buildingand yardareservedby a firewatersystemwitha totalcapacityof

3280 gpm. The systemconsistsofa firesystempump, two ash sluiceand

firewaterpumps, hydro-pneumatictank,yard hydrants,hosec._binetsand

sprinklers.

The new facilitiesforthefuelpreparationand transportaredesigned

tomeet theNationalFireProtectionAssociation(NFPA) codes.The

structureisalsodesignedwithdrystandpipefirewatersystemin

accordancewiththeFireCodesoftheNFPA.

5.5.3Emergency Plan

An emergency actionplanhas been implementedtoensureemployee

safetyand otheremergencies.ThisplanisindocumentedinSIPC'sSafety

& Health Action Pray. and has been reviewed by affected employees. The

plan contains the following elements for emergency action:

• Fireand Emergency calls.

• Emergency TelephoneNumbers

• ResponsetoThreateningSituations

• Procedureforfireoralarms.
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* Procedureforshelterinhighwindsortornado.

* Procedureforevacuation.

* Procedurefor_ecountability.

5_A Occupational Health Protecedon
SIPC has issued a comprehensive document titled Safety & Health

Action Plan, dated January 1991 establishing guidelines for the

implementationand administrationoftheoccupationaland health

protectionissuesinherentintheoperationofa utilitypowerplant.The

planprovidesmanagement and supervisionwith therecognition,

evaluationand controlofhazardousactivitieswithintheareasof

responsibility.Thisplanhas beenreviewedand implementedby affected

employees.

_=
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6_ LNS BURNER ECONOMICS

&l PR(AYEC_ COSIS

The current estimated cost for the project is $26,161,000 as used in the

Continuation Application dated July 24, 1991. This cost consists of the

. planning, design, permitting, equipment retrofit, demonstration, and

subsequent return to service of S1PC's 33-MW unit 1 cyclone boiler. The

. project is scheduled in two budget periods spaIming four phases of work:
preaward,designingand permitting,constructionand startup,and

operationand disposition,ltmay be instructivetoidentifythatthe

engineeringand retrofitcostportionoftheprojectisabout$14.0n_llion.A

quickassumptionsuggeststhattheretrofitcostsareabout$420/kW. This

costreferencemay appearhighbut isreasonablewhen theeconomy of

scale(33MW comparedtotypical500 MW utilitysizeboilers)and the

reasonsforincreaseintheprojectcostsincludingscheduledelays,change

in charges,expanded demonstrationperiod,and increasedtechnical

support.A detailedsummary ofcostincreaseisincludedinthe

ContinuationApplicationtotheDOE datedJuly24,1991.

6.2RETROFIT COST I_'TIMATES

Engineeringinformationhas been developedfrom thedemonstration

program and from evaluationoftheLNS Burner'sretrofitarplicationto

large(500MW) utilitycycloneboilers,ltisalsoofinteresttocomparethe

EPC (engineering,procurement,and construction)and O&M (operation

• and maintenance)costsoftheLNS Burnerwiththoseofpotential

competingtechnologies.A key requirementistoprovidesufficient

. equipmentscopetoachieveequivalentS02 and NOx reductionasisprovided

by theLNS Burner.

Generally,most applicationstudiesindicatethatthe LNS Burner's

fabricationcostisa veryminorpartofthet_)talsite-specificretrofitcosts.

Modificationstotheboilerand othersitespecificauxiliarysystemsresultin

themajorretrofitcosts.Clearly,theretrofitscopeforcycloneboilersis

£
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fairlymodest when comparedtoothertechnologiesofsimilaremissions

performance.And when comparedtoretrofittedwet limestonescrubbers

witha SCR system,theLNS Burnerissignificantlymore costeffective.

Table6-1and thelistofassumptions/referencesinTable6-2comparethe

EPC and O&M costsforan LNS Burner/cycloneretrofitwiththosefora wet

scrubberand SCR systemtoachievecomparablelevelsofemissionscontrol

on existingcycloneboilers.

To conductthiseconomicstudy,itwas necessarytodefinea generic

utility cyclone boiler to provide the basis for a realistic evaluation of the cost "

and performance when retrofitted with the LNS Burner. Table 6-3 lists the

characteristics derived for a generic cyclone boiler. From th_se

characteristics, an existing utility cyclone boiler was selected that most

nearly matched the criteria for a generic unit. This boiler was used to
perform the retrofit cost and performance analysis shown in Table 6-1.

To compare other Clean Coal Technologies with the LNS Burner as

retrofitted to a new "conventional" pulverized coal fired boilers, the

EPC and O&M cost were developed using EPRI TAG (technical assessment

guidelines) and DOE publications.

Table 6-1 also shows these estimates. The EPC and O&M costs for a

new 300-MW PC-fired plant built with conventional low NOx burners and

no SO2 emissions control provide a base cost reference. Then the added

costs for clean coal technology and their operation are shown for

comparison. Note that these data represent order-of-magnitude costs to

evaluate various alternatives. The data neither provide nor are intended to

be used to determine the absolute cost of a specific teclmology. It is clear,

however, that as the LNS Burner proves itself with reliability and emissions

controlperformance,itwillprovidea significantnew low-costmethod for

utilitypower plantemissionscontrol.
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Table 6-1 Technolo _ Cost Compm*isons a
ii iii I I

,Teelmology Control(%) EPC b Cos_
(SOx/NOx) (S/kW)

I ' III ,-

Cyclone reirofi_ MW plant
* Low NOx/SOx Burner 90/80 130 6.5

" * Wet scrubberwithSCR 90/80 320 33.2
I I i I II I I I I

* New 300-MW PC plant

(withlow NOx Burners) 0/50 1150 10.7
I I I I I

Added costforemissionscontrol

* PC plant with scrubber 90/50 170 8.2

* PC plant with scrubber and SCR 90/80 320 18.2
o Low NOx/SOx Burner 90/80 5 2.7
. Fluidized bed with SCR d 90/80 175 17.5

, IGCC e 90/80 350 16.7
I I I I

ia These data have been compiled and factored principally from EPRI

and DOE publications. The data represent order-of-magnitude costs

that may be useful for comparisons of various alternatives but not for
absolute costs of the specific technology.

b EPC -engineering,procurement,construction.

c Order-of-magnitudecostsadjustedtoJune 1988 dollars.

d SCR -selectivecatalyticreduction(requiredtoachieve80% NOx
. removal).

. e iGCC..integrated GasificationCombined Cycle



CDOE10106N Issue A Final
Page: 135

6-2 Asmmlptions and _ Underlying Table

' Assumptions

1. Capital costs are not site specific. F.e,onomic life is taken to be 30 years.
2. Operating costs are based on Electric Power Research Institute (EPRI) data

published in Refs. 2 and 8 and exclude fuel costs. SCR O&M costs include
replacing the catalysis bed after 3 years at 2/3 the cost of the original installation
and include nominal costs for NHs at $40WMWoyear. SCR hazardous waste
disposal costs have been excluded. O&M costs also include (1) scrubber power
consumption at 2% gross power at $0.05/kW*h and (2) IGCC oxygen power
consumption at 11.5% gross power at $0.05/kW*h.

3. New plant costs were obtained from Refs. 2 and 3. Costs for AFDC (interest during
construction), start up, inventory, and land costs were backed out of the data so that ,
ali costs represented the basic EPC costs. EPRI costs were factored from 200-250 and
500 MW plants to obtain costs for a 300-MW plant. December 1985 EPRI costs were
escalated by 2%for 1986, 2% for 1987, and 1%for halfof 1988.

4. Repowering costs are based on DOE information (Ref. 5). The 500-MW unit in the
reference has been factored and escalated in the same manner as used for new
plant costs.

5. Retrofit costs are from estimates prepared for TransAlta's DOE clean coal proposal
(Ref. 7) and from data in Ref. 4 that have been factored and escalated.

6. EPRI data basis:
• PC steam cycle conditions are 2400 psig, 1000°F/1000°F. The steam generator is

rated at 2620 psig and 1005 °F at the superheater outlet.
• CFB steam-cycle conditions are 1990 psig, 1000 °F/1000°F. The steam

generators are rated at 2400 psig and 1000°F at the superheater outlet. The
300-MWe CFB comprises two 150-MWe combined units, forming one plant,

• IGCC design and cost are based on a prototype full.heat-recovery process.
7. Low NOx/SOx Burner costs are assumed to be the same as conventional PC burner

costs.

8. Coal-burningapplicationsuse Easternbituminouscoal(3.5%sulfurby weight).
9. An SCR priceof$150/kW forthePC and cycloneplantswas obtainedby escalating

thehighrangeoftheEPRI data(German currencyrates)at 10%/yearfor2 years.
An SCR priceof$75/kW forthefluidizedbed plantwas obtainedby similarly
escalatingthelow range(lessNOx tobe removed)oftheEPRI data.

10. FGD costsarebasedon BechtersCT-121processand were escalatedtopresent
dollarsfrom Ref.6.

I llrll.......

]_ere_s --..,,,,,,-.--
1. EPRI, ECS Update, Summer 1987, No. 9, Environmental Control System.
2. EPRI, Technica! Assessment Guide, Vol. 1, Electrical Supply, 1986.
3. EPRI, Future Power Plants...Choosing among the Many Options, a presentation

by StanleyVejtasa,1 December 1987.
4. EPRI,Economic EvaluationofFGD Systems,CS-3342,October1986.
5. DOE, The role of Repowering in America's Power Generation Future,

November 1987.
6. Bechtel, F/ue Ga_ Desulfurizat_n, The Bechtel CT.121 Process.
7. Bechtel/TransAlta, submittal to DOE (DE-PS01-88FE61530, Vol. II) and

associated estimate.

8. EPRI projectionfora mature IGCC facility,October1987. ,,
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_6_3 Gene_ _ne Boner
I

Item Generic Boiler Selected Boiler

I ilrlllll I

Coal High sulfur Blended(1.71%S)
bituminous coal

Capacity(MW) 360 500
" Number ofcyclones 8 10

Heat input/cyclone furnace 400 MBtu/h 329 MBtu/h
Type Subcritical Supercritical

"_' Emissions(Ib/MBtu)
SOs >6.0 3.25
NOx >I.0 NA

Particulates 0.1 0.1

__Age (_,ears) 20to30 , 21
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APPENDIX Su MAJOR CYCLONE BOILEBS

Utility/Plant Steam No. of
Namea MW (kn) Fuel

AEP
Tanners Creek 4 1964 580 3840 11 B
Breed 1 l q61 450 2930 8 B
Kammer I 1955 225 1523 5 B
Kammer 2 1955 225 1523 5 B
Kammer 3 1956 225 1523 5 B
Muskingum River 3 1954 225 1523 5 B
Muskingum River 3 1955 225 1523 5 B .
Conesville 1 1958 136 1000 4 B
Conesville 1 1959 136 1000 4 B

Allegheny Power Sys.
Willc,w Island 2 1961 165 1260 5 B

Associated Electric
Thomas Hill 1 1964 175 1250 4 B
Thomas Hill 2 1965 270 2100 6 B

= New Madrid 1 1973 580 4355 14 B
New Madrid 2 1977 600 4355 14 B

Atlantic Electric
Deepwater 1957 80 560 3 O&G
B.L England 1 1959 125 975 3 B
B.L. England 2 1965 150 1125 4 B

Baltimore G&E
C.P. Crane 1 1961 1,90 1362 4 B
C.P. Crane 2 1963 191 1360 4 B

• BasinElectricPower
= Leland Olds 2 1974 400 3075 12 L
- Black Hills P&L
- Ben French 1961 30 210 1 S

Central Elec. Power
Chamois Power Plant 1961 48 416 2 B

Central IllinoisPS
Coffeen I 1965 365 2500 8 B

= Coffeen 2 1972 600 4200 14 B
: City of Springfield

Dallman 1971 90 690 3 B -
Dallman 31 19_ 90 690 3 B
Dallman 32 1971 90 690 3 B

_ Lakeside 7 19(D 40 320 2 B
=_ Lakeside 8 1964 40 320 2 B
_ Commonwealth Edison
: Joliet 6 1960 360 2200 9 S

Kincaid 1 1967 660 4200 14 B
--:- KincRid2 1968 660 4200 14 B
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MAJOR CYCI_NE BO_ (2 of 4)

Ste___m No_of

Name _ MW (kIh/h) _ Fuel
Commonwealth Edison

Powerton 5-1 1972 4,30 3037 10 S
Powerton 5-2 1972 430 3037 10 S
Powerton 6-1 1975 430 3037 10 S
Powerton 6-2 1975 430 3037 10 S

. Stateline 1963 389 2200 9 S
Waukegan Lq51 120 830 4 S
WillCountyI 1954 170 1200 5 S
WillCounty2 1954 170 1200 5 S

Dow Chemical
Midland 1946 -- 400 2 B
Midland 1946 -- 400 2 B
Midland 1950 -- 400 2 B
Midland 1964 -- 400 2 B

Eastman Kodak
Kodak Park 15 1956 -- 400 2 B
Kodak Park 41 1964 - 400 2 B
Kodak Park 42 Lq66 - 400' 2 B
Kodak Park 43 L968 -- 550 2 B

Empire District
Asbury 1 1970 200 1425 5 B

General Electric
Erie, Penn. 1971 30 300 2 B

Illinois Power
Baldwin 1 1970 605 4200 14 B
Baldwin 2 Lq72 600 4200 14 B

International Paper
Mobile 1 & 2 1957 - 450 -- -

Iowa Electric L&P
Sutherland 1962 75 575 3 S

Iowa Public Service
Neal 1 1964 147 1050 3 S

. Jersey Central P&L
Sayrevine 3 1952 140 900 4 O&G
SayreviUe4 1956 140 900 4 O&G

- Kansas CityP&L
LaCygne 1" 1973 844 6Lq3 18 B

Minnkota Power
Milton Young 1 1970 235 1714 7 L
Milton Young 2* 1977 457 3200 12 L

Missouri Public Ser.
SibleyI 1960 50 450 2 B
Sibley 2 1963 50 450 2 B

: Sible 1 1968 5419 2584 8 B
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MAJOR CYCIA}NE BO__ (3 of 4)

• Utility/Plant Steam Nc_ of _of
op. MW aaf)

Montana-Dakota Util.
Coyote 1' 1981 456 3250 12 L

Muscatine P&W
Plant 1 1968 - 680 3 B

Nebraska Public Power
Sheldon 1 1961 105 790 3 B .
Sheldon 2 1968 120 7{}0 3 B

Northeast Utilities
HartfordElectric 1964 240 1675 5 0 _

NorthernIndianaPS

Baily 7 1962 194 1200 4 B
Baily 8 1968 422 2584 8 B
Michigan City 4 1950 45 375 2 B
Michigan City 5 1950 45 375 2 B
Michigan City 4 1950 45 375 2 B
Michigan City 12 1974 500 3230 10 B
Schahfer 14 1975 500 3230 10 S

NorthernStatesPower
King i 1968 574 3873 12 S
Riverside 8 1964 228 1500 5 S

Nova Scotia Power
Glace Bay 1 1964 80 550 2 B
Glace Bay 2 1964 80 550 2 B
Point Tupper 1966 85 600 2 B
TuR's Cove 1 1962 100 725 3 0
Tuft's Cove 2 1964 80 550 2 B
Tuft's Cove 3 1964 80 550 2 B
Tuft's Cove 4 1969 90 669 3 0

Ohio EdisonCo.
NilesStation 1950 115 .... B

OtterTailPower
Big Stone 1 1974 400 3070 12 L

Owensboro Mun. Util.
Elmer Smith 1965 150 1.050 3 B

Public Ser. El. & Gas
Hudson 1 1964 420 24,_._) 8 O&G -

Public Ser. of NH
Merrimack 1 1961 114 8_L5 3 B
Merrimack 2 1968 350 2332 7 B

So. Illinois Power
Marion 1 1963 33 335 2 B
Marion 2 1963 33 235 2 B
Marion 3 1963 33 235 2 B
Marion 4* 1978 175 1250 4 B

il ,, I, i_ _,i,_','," rli_r,'_'i ,' .I _r _',' ,_Iq.... liJl, 'iui'li'qllrl .... " _"ill'_I ,i ,p ,lli,,,ll I, ,p ,,, ,l_ll!_pil,_ ,Jpl'
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MAJOR CYCIL)NE BOK,ERS (4 of 4)

UtUity/Plant Steam No.of type cd'
Name Oper. MW (klh_) Cyclones, FuelI

St. Joseph L&P
Cake Road 1969 75 575 3 B

Tampa Electric
Cannon 1 1957 105 910 3 B
Cannon 2 1959 115 950 3 B

. Cannon 3 1960 160 1160 4 B
Cannon 4 1.964 180 1260 4 B

TVA
Allen 1 1964 330 2000 7 B
Allen 2 1964 330 2000 7 B
Allen 3 1964 330 2000 7 B
Paradise 1 1963 704 4900 14 B
Paradise 2 1963 704 4900 14 B
Paradise 3 1969 1150 8000 23 B

Thilmany Pulp & Paper
Kaukauna, WI 9 1957 -- 155 1 B
Kaukauna, WI 11 1966 - 350 2 B

Union Electric
Sioux 1 1967 489 3290 10 B/S

(blend)
Sioux 2 1968 489 3290 10 B/S

(blend)
'United Illuminating

Bridgeport Harbor 1956 60 575 3 O
Bridgeport Harbor 1962 75 1150 5 0

Univ. of Notre Dame
U. of Notre Dame 4 1968 -- 170 1 B

Westvaco Corp.
Luke, MI) 24 -- B

Wisconsin P&L
Nelson Dewey 1 Lq62 100 770 3 S-B
Nelson Dewey 2 1960 100 770 3 S-B

. Edgewater 3 1948 90 600 3 B
Edgewater 4 1969 330 2155 7 B
Rock River 1964 85 525 3 B

- __ Rock River 1952 85 525 3 B.....
I _ ,11 . i

1Cyclone Inventory Summary, Babcock & Wilcox Company

Bituminous coal B Oil 0
Subbituminous coal S Gas G
Li_Tdte L Scrubber installed *
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APPENDIX B: EQUIPMENT LIST AND DESCRIPTIONS FOR
MARION STATION UNIT 1

CYCLONE BOK,ER

Unit 1 is a front-wall-fired Babcock & Wilcox cyclone boiler rated at

33 MW. The specificdetailsOfthecyclonefurnaceand theboilerare

discussedinSection2. The boilerdesignand operatingspecificationsare

providedinTableB-1.A pendentsectionextendsdown from theroofofthe
e

furnacetoaboutmidway betweenthetopofthelowerfurnaceand the

bottomoftheprimarysuperheater.The high-temperatureconvectivepass

containsa primaryand a secondarysuperheater.Thereisno economizer.

Table B-1 Boiler Dedgn and Oimrating Stmcifications
(1 of 2)

-- .-- I i L I !l IlL I I IlL _']'_.... _]_-". __.. '........ __ I.. I JJIi li I

Pexformanoe (Nameplate). I II Illl Ill" I Illll I .__ i ___. '....... _ I I I

Design capacity

Continuousrating 335,000INh

Four-hourpeak rating 370,000lh/h

Steam conditionsatsuperheateroutlet 905°F@ 875psia

Fuel Crushed coal

Firingequipment Cyclonefurnace,coalfeeder

Overall design efficiency at full load 88.6%

Coal consumption at full load 32,500 lb/h

Excessairleavingboiler ,,,,, 16%

Boiler
.. i IHi H i i I___ i _. I H I _ _ iI - ill i II i H

Type 2 drum

= Heating surface
Boiler 15.276 ft2 "
Furnace 5,972 ft2

Water capacity at normal level
.: Boiler 139,000 lb

Hydrostatic test 193,535 lb
Upper drum diameter and wall thickness 60 in., <5 in.

Lower drum diameter and wall thicknes: 42 in., <5 in.-- Iii ' Iii_ ii I III I, _ I[RIIIII __ II III . III , ,,,,, .... ,,,,, _ _ ,
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TableB.LBoiler_ andOpemUng Spec_caUoas
(2of2)

I I i iiii I I I II

i-- ,-- Iii I i J ii ............ i i ........ i ilil I

Type B&W cyclone, pressure type
Coal feed Indirect or bin system

Prk_mrySuperheater
_ . I IHt1 iI 2 ...... ' ' IIIEI li _ II11 II I I

Type Pendant flow
_, Heating surface ,, ...... 8,24,2 f_2i . i

- I I II ............. .. ii'iIqii Ill I I I i I II H

Type Pendant flow

Heat!ng surface _ 4,978 ft2-- I II li IJ " ]111 I II

Type' .... Attemperator ............. SpraY
Entering water temperature 315°F

"-- IIIllllll I I I II LlJ IIII I t I II ..... II II ' .....

Heater
I ___ . I I i i II lm!_ i i lillli i iii

Type Ljungstromregenerative

Heating surface 38,600 R2

Cleaning medium Steam and wateri _ IIII ii I IWI ili i li iii IIi......

Ste_m AirPreheater
III1__ i i iii I iii iii I _ _J . I .__ I , i _ iii I Iii Illl i iii

Type Finned-tubesteamcoil

-_ Steam pressu_ range ...... , _ 5:130psig -_...._
SootBlowem

-- I III.......... , ' . I PIIIII I I IIIII I Iltll II II'-"ll I .... '

Type Diamond IK300 retractable
Number installed 8

Cleaning medium Steam from primary super-
heater outlet

__._ I,ilII I I II - . I I I "

Forced Draft Fan

'Type ............. '...... BugaloForge- '"EL 1200 'DWDI
Air flow at 70°F 414,000 lt:_h @44.5 in. I"I20

Air flow at 110°F 476,00011_ @fiT.?in. t't20

Dampers Inlet vane
High speed motor 1,250 hp, 17715rpm
Low speed motor 300 hp, 1180 rpm

.Low speed mr Flow .............. _ ..... .271,000 lb/h at 27 iwg ,
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Two LNS Burners, each 50% unit sized at 200 MBtu/h, will be added to

the existing cyclone furnace. The LNS Burners are refractory lined and

have an over all _,engthof 16 ft and a diameter of about 6 ft Each

LNS Burner is fed with six coal pipes.

TURBINE GENERATOR

The single33-stageturbinegenerator(withsingle-flowexhaust;five

extractionpoints;850-psig,900°Fthrottlesteam;and 1.5-in.Hg exhaust

pressure)_,ssuppliedby Allis-Chalmers.The turbineiscoupledtoa

3,600-rpm,44,118-kV,Agenerator.The 18,000-V,60-Hz,3-phasegenerator

has a 0.85powerfactorand ishydrogencooled.Designdatafortheturbine

generatorareshown inTableB-2.

COND_

The condenserisa 27,500-ft3 Elliotthorizontaltwo-passcondenserwith

a 1,815-gaistoragecapacityhotwell.Thereare5,460tubes,22 ft3 in.long.

Tube wallthicknessis18BWG, materialisadmiraltymetal,and thedesign

pressureis20 psig.The designinlettemperatureis75°F,and theoutlet

temperatureis81.6°F.

CIRCULATING WATER PI._PS

Four circulating water pumps are available to serve unit 1. All are

vertical, wet pit pumps with mixed flow impellers, and all are located in a

separate intake structure. Each of the two Allis..Chalmers pumps is rated

at29,000gpm at48ftofhead and hasa motorhorsepowerof450 hp. Each of

thetwo Pattersonpumps isratedat74,000gpm at48 ftofhead and hasa

motorhorsepowerof1000hp.

=-
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_hle B-2 Turbixw _r I)edgn Data
I I I IIIII ---

Steam inlet conditio_ 850 psig, 900°F

Air ejec_ _r_ 450 ll_ ofI _ L I i I I_ ---

Load on generator (kW) 7,492 14399 29,998 34,307
Power factor 0.85 0.85 0.85 0.85

Exhaust pressure (in. Hg abs) 1.5 1.5 1.5 2.5
Mechanicallosses(kW) 174 174 174 174

Electricallosses,(in.Hg abs) 269 308 466 564.

Steam flow Ob&)
To throttle 69,750 131,600 263,800 298,500

To condenser 57,570 102279 192,380 231,738

Heat rate (Btu/net kW*h) 11,009 9,958 9,437 9,741

Exhaust conditions

Steam quality (% moisture) 6.94 9.32 10.45 9.83

Enthalpy (Btu/lb) 1029.4 1004.6 992.8 1007.5....
I ' II I I II I

CONDENSA__JFEEDWATER SYb_

Two 100% capacity condensate pumps are from Ingersol-Rand. Each
takes suction from the condenser hot well and supplies condensate through

the steam jet air ejector condenser, the drain coolers, and low-pressure

feedwater heaters to the deaerator. The pumps are canned, 7-stage vertical

pumps, rated at 600 gpm each at 375 ft of head. The motor is 75 hp.

FEI_WATER PUMP

Two 60% capacity Allis-Chalmers feedwater pumps take suction from

the deaerator and supply feedwater through the high-pressure feedwater

- heaterstotheboiler.The pumps are8-stage,centrifugal,horizontallysplit,

and rated at 436 gpm at 2680 ft Motor horsepower is 400 hp.



CDOE10106N Issue A Final
Page: 145

t'_WATI_ __

The condensateand feedwaterareheatedby sixstagesoffeedwater

heaters,one draincooler,two low-pressureheaters,one deaerator,and two

high-pressureheaters.

FORCED DRAFt FAN

The FD fandrawsinoutsideairthroughintakeboxes.Two electric

motors directly connected to the fan shaft through flexible couplings, one at

each end, provide operating flexibility. See Table B-1 for design parameters.

COAL HANDLING SYSTEM

Two silos, one for each cyclone burner, store a total of 230 tons of coal.

The maximum coal-feed capability is 25 tons/h. A single 250-ton/h coal feed

belt supplies coal to the plant from active storage.

ASH s_rEM

A UCC hydroejectorbottomash systemisprovidedwitha 5-hstorage

capacityand 10-ton/htransferrate.A UCC hydrovactorflyash systemis

providedwitha 5-hstoragecapacityand a 4-ton/htransferrate.

PLANT MAI_UP WATER

Makeup waterissuppliedby evaporatorsheatedby extractionsteam

and an anion/cationdemineralizer.

INSTRUMENT AND SERVICE AIR

Instrument air compressors with redundant units are provided from

a common station system. Air is available at 100 psig.

grACZ

A 200-fthighby 13.5-Rconcretestackissharedby unitsiand 2.

Dampers areprovidedtoisolateeachunitfrom theircommon stack.
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EI_C'IItOSTATIC PRECIPITATOR

The existing electrostatic precipitator is a three field, weighted-wire

type with 34,600 ft2 of collection surface. The design gas flow rate is 176,000
acfm at 350°F.

. C'YCINE SEPARATORS

Two 50% cyclonesareused toseparatepulverizedcoal from thesweep

air. The units are 5 ft in diameter and are refractory-lined for abrasion

protection. A shutoff damper permits one cyclone to be isolated for better
turndown. The cyclones at full load have a design efficiency of 99.4% with

the pulverizer size distribution.

TRANSPORT BLOWER

The coal treamport blower, manufactured by Buffalo Forge, is rated at

38,600 lb/h of air at an increase in head from 35 iwg to 81 iwg. The blower is

powered by a 125 hp motor.

LIMESTONE AND ADD12TVE SIIX)S

A 3118 f_3 limestone silo and a 750 ft3 additive silo will be installed in

the fuel preparation area. The new limestone and additive silos provide for

45 and 73 h, respectively at full-load operation. Each _ilo has aweighbelt

feeder manufactured by Stock Equipment, bin vents, _.nd level switches and
indicators. Air blasters have been added to each silo to insure material

does not bridge the outlet of the silo.

BUCKET _ATOR

A bucketelevator(ra_dat144tons/h)isusedtoloadthelimestoneand

additivesilosfroma 240 ft3hopperlocatedatgradelevel.

w
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COAL CONVEYOR

A coal feed conveyor (rated at 25 tons/h) runs under the existing Stock

weighbelt feeders to collect the coal and transport it to the fuel preparation

building. The coal falls by gravity into the pulverizer inlet.
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APPENDIX C

DESIGN CODES AND STANDARI_

CIVII_ STRUCTURAL AND ARCIIrrKCTURAL DESIGN

a) Building Officials & Code Administrators (BOCA) National Building
" Code- 1987

b) American Institute of Steel Construction (AISC)

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

Code of Standard Practice for Steel Buildings and Bridges, 1978

Specification for Structural Joints Using ASTM A 325 or A 490
Bolts, 1978

Manual of Steel Construction, 8th Edition

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

d) American Concrete Institute (ACI), Building Code Requirements for
Reinforced Concrete, AC1318-83

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

f) American National Standards Institute (ANSI), Building Code
Requirements for Minimum Design Loads in Buildings and Other
Structures, ANSI A58.1 - 1982

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

h) Occupational Safety and Health Administration (OPSHA), Department
of Labor Occupational Safety and Health Standards, Title 29 - Labor,
Part 1910

i) National Fire Protection Association (NFPA), NFPA 24 - 1981

j) AH applicable state and local codes and regulations

k) Specification 19630-C-010, Reinforced Concrete Work, Latest Revision
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1) Specification 19630-C-011, Structural and Miscellaneous Steel Work,
Latest Revision

2. MECHANICAL CODES AND STANDARDS

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

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

c) BOCA Building Code, Article 10, Fire Protection

& E/_C/RICAL CODES AND STANDARDS

Electrical Standards - (Applicable Sections of)

a) National Electrical Code

b) National Electrical Manufacturers Assoc. - NEMA Standards

c) ICEA (Cable Construction & Coding)

d) Underwriters' Laboratories Testing Requirements

e) IEEE Testing Requirements

f) IES Lighting Standards

4. CON'IROL SYSTEMS

I & C Standards - (Applicable Sections of)

a) ISA $6.1 Instrumentation Symbols and Identification

b) ISA $51.1 Process Instrumentation Terminology .

: c) SAMA RC22-11 Functional Diagramming of Instrument and Control
Systems

d) NFPA 85F National Fire Protection Assoc. Standard
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APPENDIX D

LIST OF SUPPORTING DOCUMENTS

PARTIAL LIST OF EQUIPMENT AND MATERIAL SPECIFICATION

19630-A-003 Fuel Preparation Building Doors

19630-A-003A Fuel preparation Building Doors

- 19630-A-151 RoofPersonnelHatch

19630-A-154 Aluminum Louvers

19630-E-003 Dry Type Distribution Power Center

19630-F.H)(H 480 Volt Load Center Breaker

1963(_F.H)05 480 Volt Bus Duct

19630-E-006 Electrical Bulk Commodities

19630_E-007 480 V MCC Bus Tie Breaker

19630-E-008 ElectricalGrounding Materials

19630-E-009 StackPlatformLightingMaterial

19630_-003 StackMonitoringPlatform

19630-J_)04 SiloLevelIndicatorsand Switches

19630-J_}05 Weld Pad Thermocouples

19630-J-007 Tanks forInstrumentCalibration

19630_-009 Instruments

" 19630-M-002 BucketElevator,LoadingHopper,Screw Conveyor

19630-M-004 SiloDust Collector

19630-M-005 MartinRig BlasterAirCannon System

19630-M-010 RoofVentilatorFans

19630-M-012 ElevatorHopper Winch
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PartialListofTee.huicalSpecifications

19630-A-042 #PreformedMetal Siding

19630-A-051 #SinglePlyRoofing

19630-C-010 #ReinforcedConcreteWork

19630-C-011 Structural and Misc. Steel

19630-C-012 Limestone and Fuel Additive Silos
w

19630_1000 #Subsurface Investigation & Lab. Testing

19630-E-001 Motor Control Center

19630-E-002 2.4kV Metal Clad Switchgear

19630-J-001 Continuous Emissions Monitoring System

19630_-003 StackMonitoringPlatform

19630_)06 BucketElevatorControlpanel

19630-M-002 BucketElevator

19630-_1 #EnvironmentalMonitoringProgram

19630-TSC-002 #InstrumentCalibration,Testing& Maint.

19630-TS_3 #BoilerMaterialsforMonitoringInspection

19630-TSC-003A#BoilerTube MaterialsMonitoringInspect.

19630-TSC-004 #ESP MaterialsMonitoringSys.

19630-TSC_05 #Enginecringfrechnical/Craftpersonnel,Etc.

# Used in developmentofconstructionpackageforoutside
contractor.Allotherconstructionwork performedwithinProjectby
BechtelConstructionorRileyConstruction.

Parthtl List of Balance of Plant Draftings

19630-A-001 Architectural Floor Plans El. 517'-0", El. 550'-0"

19630-A-002 Architectural Roof Plan, Door Schedule & Spec.
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19630-A-003 Architectural Elevations

19630-A-004 Architectural Elevations

19630-A-005 Architectural Details and Sections

19630-C,_1 Structural Steel Framing Plan El. 576'-49/16"

. 19630-C-002 Structural Steel Framing Plan El. 535'-9", Etc.

19630-C_003 Structural Steel Framing Els. @Col. Lines 3 & 4

19630-CAX)4 Struct. Steel Framing Els. @ Col. Lines H1 & H2

19630_-005 Structural Steel Framing Elevs. At Col. Lines J1
&J2

1963_9 Misc.SteelPlatformsand Details

19630-C._10 FuelPreparationBuildingReinforcedConcrete
Plan

19630-C_11 ContinuousEmissionsMonitoringSys',em

19630-C_12 Bucket Elevator Support Tower Plan, Sec. & Details

19630-C-013 Bucket Elevator and Inlet Loading Hopper Found.

19630-C_14 Structural Steel Framing partial plans

19630-CA)15 Structural Steel Framing partial Plans

19630-C-016 Supplemental Steel Framing plan Views

19630-C_17 Supplemental Steel Framing Sections and Details

19630-C-018 Supplemental Steel Framing Sections and Details

19630-E-001 Motor Control Center Frame Spec.

19&30-E-002 Modification Drawing Grounding Plan El. 517'0

19630-E-003 Modification Dwg. Plan El. 526'0" Cable Tray

19630-E-004 Modification Drawing 480V One-Line Diagram Unit
1

19630-E-005 Modification Drawing Main One-Line Diagram
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19630-F_10 Cable Tray layout Turbine Floor El. 540'-0" Unit 1

19630-E-020 lighting General Notes and Details Unit 1

19630-E-021 Lighting Layout Fuel Prep Bldg. Unit 1

19630-E-022 Lighting layout Fuel Prep Bldg. Unit 1

19630-M74-BA01 Demonstration Program Test Data Acquisition ._
Measurements

19630-M74-BA02 Demonstration Program T_st Data Acquisition
Measurements

19630-POA-001 Ground Floor Plan @ El. 517'0", F.P. @El. 526'0"

19630-POA-002 Turbine Floor Plan El. 540'-0"

19630-POA-003 Feeder Floor Plan @El. 550'-0" @ El. 555'-4"

19630-POA-004 Floor Plan @ 568'-0"

19630-POA-005 Partial plans El. 568'-5 3/4". 599'-5 13/16"

19630-POA-006 Fuel preparation Building Section B-B

19630-POA-007 Fuel preparation Building Section C-C

19630-POA-008 Fuel preparation Building Section D-D

19630-SK-E-011 Scope of Work Single Line

19630-SK-M-001 Ground Floor Plans at El. 517'-0

19630-SK-M-001 Ground Floor Plan @Elv. 517'0" F1 Plan @ Ely.
526'0"

19630-SK-M-002 Turbine Floor Plan El. 540'-0

19630-SK-M-002 Turbine Floor Plan @Ely. 540'-0" Unit 1 -

19630-SK-M-003 Feeder Floor Plan @Ely. 550'-0" & Ely. 555'4" Unit 1

19630-SK-M-005 Partial Plans Elo 586'-3 5/16, & Section A-A

19630-SK-M-006 Fuel Preparation Building Section B-B

19630-SK-M-007 Fuel Preparation Building Section C-C
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19630-SK-M-008FuelpreparationBuildingSectionD-D

19630-SKCA)01 LimestoneSilo

19630-SKC-002 FuelAdditiveSilo

IAst of Piping Drawings

- 90528-7-1882-10CoalPiping/LookingSouth

90528-7-1882-11CoalPiping/LookingWest

90528-7-1882-20CoalPiping/Splitter-Burner

90528-7-1882-21CoalPiping/Splitter-Burner

90528-7-1882-22Coal Piping/Splitter-Burner

90528-7-1882-23Coal Piping/Splitter-Burner

90528-7-1882-24Coal Piping/Splitter-Burner

90528-7-1882-25Coal Piping/Splitter-Burner

90528-7-1882-30CoalPipe-90°Elbow

90528-7-1882-31 Coal Pipe - 75°Elbow

90528-7-1882-40 Coal Piping/Splitter-Burner

90528-7-1882-41 Coal Piping/Splitter-Burner

90528-7-1885-10 Seal Air System/Plan View

90528-7-1885-11 Seal Air System/_oking South

90528-7-1885-12SealAirSystem/LoolringWest

90528-7-1885-15SealAirPiping
:

90528-7-2361-10PrimaryAir System4

: 90528-7-2361-11 Primary Air System

90528-7-2361-12 Primary Air System

90528-7-2365-20 Coal Transport/Tempering Air
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9052_7-_21 Coal Transport/Tempering Air

90528.7-236_.22 Coal Transport/Tempering Air

90528-7-2371-10 Overfire Air Duct

90528-7-2371-11 Overfire Air Duct

90528-7-2371-12 Overfire Air Duct

90528-7-2371-20 *Air Duct/LNS

90528-7-2371-_ *Air Duct/LNS

,90528-7-2371-26 *Air Duct/LNS

90528-7-2371-30 *Air Duct

90528-7-2371-35 *Air Duct

90528.7-2371-36 *Air Duct

90528_7-2371_37 *Air Duct

90528-7_1035-10 Fuel Arrgmt./Feed Sys. Piping

90528-7-4035-11 Fuel ArrgmtYFeed Sys. Piping

90528-8-,$451-10 Spring Hanger/LNS Burner

* Abbreviated title to make non-proprietary

IAst of Proprietary LNS Burner Drawings

90528-7-90(D-10 LNS Burner Arrgmt.

90528-7-_D-20 Burner Injector Ass'y

90528-7-9000-21 LNS Burner Barrel

90528-7-9000-22 LNS_arrel Plenum Section

90528-7-9000-23 Burner Perspective

90528-7-9000-24 LNS Burner
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Bonerand Drawinp

90528-5-0900-20OverfireA_r Openings

905_ SlagScreen

905_I SlagScreen

- 905_ SlagScreenTube List

90528-5-09(0-90SlagScreen/BottomCyclone
,f

905_91 SlagScreen/BottomCyclone

90528-54)900-92SlagScreen/BottomCyclone

G-333 Water Wall Tubes

PartialListof Vendor Drawings

90528-7-9000-90 Ignitor Layout

C17154 Control Cabinet- NEMA 4

C19957 Airlock

DPA182 Coal Feeder Conversion

D27010 Schematic Diagram

D27011 Feeder Com._ection

D27012 Feeder Power Cabinet

D27013-1 Additive Feeder Schematic

D27013-2 Additive Feeder Schematic

. D27014-1 Additive Feeder Schematic

D27014-2 Additive Feeder Schematic

D27014-3 Additive Feeder Schematic

D27015-1 Limestone Feeder Schematic

D27015-2 Limestone Feeder Schematic
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D27016-1 Limestone Feeder Schematic

D27016-2 Limestone Feeder Schematic

D27016-3 Limestone Feeder Schematic

D27024 Additive Feeder

D27025 Limestone Feeder

D27026 Transfer Feeder

D27027 Feeder Arrangement

D27275 Hopper-Trans.

D27376 Feeder Connection

D27376 Feeder Connection

D27377 Feeder Connection

D27377 Feeder Connection

D27378 Feeder Connection

L-D8670 S-E-Co. Type VlB Coal Valve

List of Instrumentation and Control Drawings

19630-M74-JI2)l P&ID - Limestone_uel Additive Handling System

19630-M74-KA01 P&ID - Instrument and Service Air System
(Modifications)

90522-4-491_-XX1 Instrument Data Sheets

90528-74900-10 Process Flow Control

90528-7-4900-20Drawing Index

90528-7-4_900-21ProcessSymbols

90528-7-4900-22ControlSymbols

90528-7-4900-23P&ID -Air& Gas

90528_7-4900-PAP&ID -LightOilIgnitors
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90528-7-4900-25 P&ID - Feedwater and Steam

90528-7-4.q(D-26 P&ID- LNSB

90528-7-49(X)-27 P&ID - Gas Side-Boiler Outlet to Stack

90528-7-4904-XX DCS Analog Terminations

. 90528-7-4,907-01 SAMA Logic Boiler Control

90528-7-4908-01 Logic Diagrams

" 90528-7-4908-02 Logic Diagrams

90528-7-4923-XX DCS Digital Terminations

90528-7-4939-XX DCS Logic

90528-7-4940-XX DCS Module Locations

90528-7-4950-01 Graphic Display

90528-7-4950-02 Graphic Display

90528-7-4950-03 Graphic Display

90528-7-4950-04 Graphic Display

90528-7-4950-05 Graphic Display

90528-7-4950-06 Graphic Display

90528-7-4950-07 Graphic Display

90528-7-4950-08 Graphic Diaplay
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