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LEGALNOTICE

This report was prepared by Southern CompanyServices, Inc.

pursuant to a cooperative agreement partially funded by the U. S.

Department of Energy and neither Southern CompanyServices, Inc.

nor any of its subcontractors nor the U. S. Department of Energy,

nor any person acting on behalf of either:

(a) Makes any warranty or representation, express or implied

with respect to the accuracy, completeness, or usefulness of

the information contained in this report, or that the use of

any information, apparatus, method, or process disclosed in

this report may not infringe privately-owned rights; or

(b) Assumes any liabilities with respect to the use of, or for

damages resulting from the use of, any information,

apparatus, me_.hodor process disclosed in this report.

Reference herein to any specific commercial product, process, or

service by trade name, trademark, manufacturer, or otherwise, does

not necessarily constitute or imply its endorsement,

recommendation, or favoring by the U. S. Department of Energy.

The views and opinion of authors expressed herein do not

_i necessarily state or reflect those of the U. S. Department of

I Energy.

'1

! DISCLAIMER
'1

This report was prepared as an account of work sponsored by an agency of the United States
i Government. Neither the United States Government nor any agency thereof, nor any of their

employ_s_ makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
enc¢ herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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SectionI

SUMMARY

The objectiveof this projectis to demonstrateand evaluatecommercially

availableSelectiveCatalyticReduction(SCR)catalystsfrom U. S., Japanese

and Europeancatalystsupplierson a high-sulfurU. S. coal-firedboiler. SCR

is a post-combustionnitrogenoxide (NOx) controltechnologythat involves

injectingammonia into the flue gas generatedfrom coal combustionin an

electric utilityboiler. The flue gas containingammonia is then passed

througha reactorthat containsa specializedcatalyst. In the presenceof

the catalyst,the ammoniareacts with NOx to convert it to nitrogenand water

vapor.

Although SCR is widely practicedin Japan and Europe,there are numerous

technicaluncertaintiesassociatedwith applyingSCR to U. S. coals. These

uncertaintiesinclude:

(I) potentialcatalystdeactivationdue to poisoningby trace

metal speciespresent in U. S. coals that are not present in

other fuels.

(2) performanceof the technologyand effectson the balance-of-

plant equipmentin the presenceof high amountsof SO:and

SO3.

(3) performanceof a wide varietyof SCR catalystcompositions,

geometriesand methodsof manufactureunder typicalhigh-

sulfurcoal-firedutilityoperatingconditions.

These uncertaintieswill be explored by constructinga series of small-scale

SCR reactors and simultaneouslyexposingdifferentSCR catalyststo flue gas

derived from the combustionof high sulfurU. S. coal.

The demonstrationwill be performedat Gulf Power Company'sPlant Crist Unit

No. 5 (75 MW capacity)near Pensacola,Florida. The projectwill be funded by

the U. S. Departmentof Energy (DOE),SouthernCompanyServices,Inc. (SCS on

behalf of the entire Southernelectric system),and the ElectricPower



ResearchInstitute(EPRI). SCS is the participantresponsiblefor managing

all aspectsof this project.

The project is being conductedin the followingthree phases:

Phase I - Permitting,EnvironmentalMonitoringPlan and Preliminary

Engineering

Phase II - DetailedDesign Engineeringand Construction

Phase III - Operation,Testing,Dispositionand Final Report

During this reportingperiod,detaileddesign engineeringand construction

continued. The personnel/catalysthoist erectionspecificationswere issued

for bids, bids received,the bid evaluationcompleted,and a contractwas

awarded. Major equipmentdeliveredto the site includedthe air heaters,fly

ash cyclone_,flue gas/air fans, bypass heat exchangers,4KV switchgear,

venturis,480V motor controlcenter,flue gas/airelectricheaters,portions

of the air compressorsystem,and dampers/actuators.

Specificationswere issuedfor bids on the reactorvesselsand reactor

transitionductwork. Bids were received,an evaluationcompleted,and a

contractwas awarded.

Ductwork and fan systemanalysesduring this period indicatedcertainfans had

insufficientstatic pressurecapability. As resolutionto this problem,

modificationsto the small reactorfans and hot air fan were made, and certain

ductwork has been increasedin size to improvethe system pressuredrop.

Modificationsto the large reactorfans were not deemed to be cost effective.

The maximum flue gas flow rate for the large reactorfans may only exceed the

design rate by 25 percent, insteadof the originallyplannedmaximumrate of

50 percent greaterthan design. Even if this proves to be the case, it will

not change the overallobjectivesof the demonstration.

In reviewingvendor drawingsfor the reactor sootblowers,it was discovered

that there were interferenceswith the retractablesootblowersystem and the

structuralsteel supportfor the demonstrationfacility. The sootblowers

lengthwas reducedand the sootblowerswere relocatedto resolvethis issue.



The control system hardwareand softwarewere deliveredto SCS and

configurationof the controlsystemwas begun.

Constructionof the Plant Crist SCR demonstrationfacilitycontinuedwith the

concrete/pilingwork being essentiallycompletedwith 98% of all foundations

finished. Steel fabricationbegan and the first of four sequences,

representinghalf of all the steel,was completed.

]'hecontract for the structuralsteel erectionpackagewas awarded. The

subcontractormobilizedand began structuralsteel erection.

The specificationswere issuedfor bids, bid responseswere evaluatedand a

contractwas awardedfor the followingtwo constructionpackages" control

-_ room and gas analysessystem buildings,and mechanical/insulationerection.
,I

_ The electrical/I&Cerectionspecificationswere finalizedand issuedfor bids.

_' Bid responseswere receivedand the evaluationwas essentiallycompleted.ol

_p

_i' SCS issueda revised laboratorytestingprotocolto the catalyst suppliersfor
i'
_! final review and approval. A proposedEvaluationAgreementwas submittedfor

ol, approvalto the catalyst supplierselectedin the evaluationconducted

,, previously(replacinga catalyst vendorwho withdrew from the project). The
I,
_I final scope of work was developedfor the testing and analyticalservicesand

II_ a proposedcontractwas submittedto the selectedtestingservices

,'i subcontractor.

!I
Monthly projectreviewmeetingswere held betweenSCS and Gulf Power at Plant

Crist. A projectreview meetingwas held with DOE and EPRI on April 16. A

press briefingand dedicationceremonywere held for the projectat Plant

Crist on June 30 and July I, 1992, respectively.

The onsite operationsengineerand processengineerpositionswere filled

during this reportingperiod.



Section 2

INTRODUCTION

The InnovativeClean Coal Technology(ICCT)Programis designed to demonstrate

clean coal technologiesthat _re capableof retrofittingor repowering

existingfacilitiesto achievesignificantreductionin sulfurdioxide (S02)

and/or nitrogenoxides (NOx)emissions. The technologiesselectedfor

demonstrationare capable of being commercializedin the 1990s and are

expectedto be more cost effectivethan currenttechnologies.

This ICCT projectis jointly funded by the U. S. Departmentof Energy,the

ElectricPower Research Institute(EPRI),and by SouthernCompanyServices

(SCS) on behalf of the entire Southernelectricsystem. The project's

objective is to demonstratethe selectivecatalyticreduction(SCR) process

that removesnitrogenoxides (NOx) from the flue gas of boilersthat burn U.S.

high-sulfurcoal. The SCR technologyinvolvesthe catalyticreductionof NH_

which is injectedinto the flue gas to react with NOx containedin the flue

gas to producemolecularnitrogen (N2)and water vapor.

A simplifiedSCR processflow diagramwith major equipmentis shown in Figure

I. Specifically,hot flue gas leavingthe economizersectionof the boiler is

ducted to the SCR reactor. Prior to enteringthe reactor,NH, is injected

into the flue gas at a sufficientdistanceupstreamof the reactorto provide

for completemixing of the NH_ and flue gas. The quantityof NH, can be

adjustedand it reacts with the NO, from the flue gas. The flue gas leaving

the catalyticreactorenters the air preheaterwhere it transfersheat to the

incomingcombustionair. Provisionsare made for ash removal from the bottom

of the reactor since some falloutof fly ash is expected. Duct work is also

providedto bypass some flue gas aroundthe economizerduring periodswhen the

boiler is operatingat reducedload. This is done to maintainthe temperature

of the flue gas entering the catalyticreactorat-theproper reaction

temperatureof about 700°F. The flue gas leavingthe air preheatergoes to

the electrostaticprecipitator(ESP)where fly ash is removed. The ESP is

part of the existingplant and is generallyunaffectedby the SCR system

except as higher SO_content affectsthe electricalresistivityof the fly ash

or if NH,HS04co-precipitateswith the fly ash.
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The SCR technologyis in commercialuse in Japan and western Europe on gas,

oil, and on low-sulfur,coal-firedpower plants. The first utility

applicationsof SCR catalysttechnologystartedin Japan in 1977 for oil- and

gas-firedboilersand subsequentlyin 1979 for coal-firedboilers. As of

1986, ninety utilityboilers in Japan had been equippedwith SCR catalyst

technologyincludingtwenty-twocoal-firedboilers. These coal-firedboilers

representa combinedcapacity in excess of 6500 MWe and are typicallyfired

with a low-ash,low-sulfurcoal.

In additionto Japaneseexperience,severalcountriesin western Europe (most

notablyGermanyand Austria)have passed stringentNOxemissionregulations

that have all but mandatedthe installationof SCR. Prior to commercialSCR

installationsin Germany, utilitycompaniesdemonstratedseveraltypes of SCR

facilitiesin prototypedemonstrationprograms similarto this ICCT project.

Over 50 SCR pilot plants were built and operated in western Europe. These

pilot plants ranged from 19 to 6200 SCFM and providedthe data base that led

to commercializationof the SCR technologyin westernEurope.

PreviouslycompletedU. S. work with the SCR processon utilityboilers

consistsof three projectswhich were carriedout in the late 1970s and early

1980s. One of these was carriedout on a naturalgas fired boiler by Southern

CaliforniaEdison. Another projectconsistedof a pilot test conductedfor

the EPA at Georgia Power'sPlant Mitchell. This pilot plant treateda 1000

ACFM (0.5MWe) slip stream of flue gas resultingfrom the combustionof low-

to medium-sulfurcoal. A third pilot-scaleproject,carried cut at the Public

ServiceCompany of Colorado'sArapaho Stationtreated'a 5000 ACFM (2.5MWe)

slip streamof flue gas resultingfrom the combustionof U. S. low-sulfur

coal.

Although SCR is widely practicedin Japan and Europe,there are numerous

technicaluncertaintiesassociatedwith applyingSCR to U. S. coals. These

uncertaintiesinclude"

(I) potentialcatalystdeactivationdue to poisoningby trace metal

species present in U. S. coals that are not present in other

fuels.

i
_'
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(2) performanceof the technologyand effectson the balance-of-plant

equipmentin the presenceof high amountsof SO: and SO_.

(3) performanceof a wide varietyof SCR catalystcompositions,

geometriesand methodsof manufactureunder typical high-sulfur

coal-firedutilityoperatingconditions.

These uncertaintieswill be exploredby constructinga seriesof small--scale

SCR reactorsand simultaneouslyexposingdifferentSCR catalyststo flue gas

derived from the combustionof high sulfurU. S. coal.

The first uncertaintyabove will be handledby evaluatingSCR catalyst

performancefor two years unoer realisticoperatingconditionsfound in U. S.

pulverizedcoal utility boilers. The deactivationrates for the catalysts

exposedto flue gas from high sulfurU. S. coal will be documentedto

determineaccuratecatalyst life, and thus, accurateprocesseconomics.

The second uncertaintyabove will be exploredby performingparametrictesting

and throughthe installation/operationof air preheatersdownstreamof the

larger reactors. During parametrictesting,operatingconditionswill be

adjustedabove and below design valuesto observedeNOx performanceand

ammonia slip as functionsof the change in operatingconditions. Air

preheaterperformancewill be observedto evaluateeffects from SCR operation

upon heat transfer,and therefore,upon boiler efficiency.

The third uncertaintyis being handledby using honeycomb-and plate-typeSCR

catalystsfrom U. S., Japan and Europeof various commercialcomposition.

Results from the tests with these catalystswill expandour knowledgeof

performanceon a varietyof SCR catalystsunder U. S. utilityoperating

conditionswith high-sulfurcoal.

The intentof this project is to demonstratecommercialcatalystperformance,

proper operatingconditions,and catalystlife for the SCR process. This

projectwill also demonstratethe technicaland economicviabilityof SCR

while reducingNOx emissionsby at least 80%.

The projectwill be conductedat Gulf Power Company'sPlant Crist Unit 5, a

commerciallyoperating75 MW unit, locatedin Pensacola,Florida,on U. S.

il



coals with a sulfur contentnear 3.0%. Unit 5 is a tangentially-fired,dry

bottom boiler,with a hot and cold side ESPs for particulatecontrol. The SCR

process to be used in this demonstrationwill be designed to treat a slip-

stream of flue gas and will featuremultiplereactorsinstalledin parallel.

With all reactors in operation,the maximumamountof combustionflue gas that

can be treated is 17,400 standardcubic feet per minute (scfm)which is

roughlyequivalentto 8.7 MWe.

The SCS facilityis a slip-streamSCR test facilityconsistingof three 2.5

MWe (5000SCFM)SCR reactorsand six 0.20 MWe (400SCFM)reactorsthat will

operate in parallelfor side-by-sidecomparisonsof commerciallyavailableSCR

catalyst technologiesobtainedfrom vendorsthroughoutthe world. Figure 2

presents a simplifiedprocessflow diagramfor the proposedfacility. The

large (2.5 MWe) SCR reactorswill containcommerciallyavailableSCR catalysts

as offeredby SCR cataiystsuppliers. These reactorswill be coupledwith

small-scaleair preheaL:_rsto evaluatethe long-termeffectsof SCR reaction

chemistryon air preheaterdeposit formationand the deposits'effectson air

preheater. The small reactorswill be used to test additionalcommercially

availablecatalysts. This demonstrationfacilitysize will be adequateto

developperformancedata to evaluate SCR capabilitiesand costs that are

applicableto boilersusing high-sulfurU. S. coals.

The demonstrationproject is organizedintothree phases: (I) Phase I -

Permitting,EnvironmentalMonitoringPlan and PreliminaryEngineering;(2)

Phase II - Detail Design Engineeringand Construction;and (3) Phase III -

Operation,Testing,Disposition,and Final Report. The cooperativeagreement

was signed June 14, 1990, and the projectcompletiondate is now projectedto

be mid-1995. The originaltotal estimatedprojectcosts are $15,574,355. The

co-fundersare SCS ($6,049,017),DOE ($7,525,338),and EPRI ($2,000,000).
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Section 3

PROJECTDESCRIPTION

Within the three phases of the project,the followingtasks will he conducted

to effectivelydemonstratethe SCR process:

Phase I - Permitting,EnvironmentalMonitoringPlan and Preliminary

Engineering

i
,' Task 1.1.1 - PrototypePlant PermittingActivities

Task 1.1.2 - Develop EnvironmentalMonitoringProgram

Task 1.1.3 - PreliminaryEngineering

Task 1.1.4 - Engineeringand Constru_'_m ContractsScope Development

Task 1.1.5 - ProjectManagementand Reporting

Phase II - Detail Design Engineeringand Construction

Task 1.2.1 - DetailedDesign Engineering

Task 1.2.2 - Construction

Task 1.2.3 - OperationStaff Training

Task 1.2.4 - Planning for DetailedTesting

Task 1.2.5 - Start-Up/Shakedown

Task 1.2.6 - ProjectManagementand Reporting

Phase III - Operations,Testing,Dispositionand Final Report

Task 1.3.1 - SCR DemonstrationFacilityOperationsand Maintenance

Task 1.3.2 - ProcessEvaluation

Task 1.3.3 - EnvironmentalData Managementand Reporting

Task 1.3.4 - EconomicEvaluation

Task 1.3.5 - Dismantling/Disposition

Task 1.3.6 - ProjectManagementand Reporting



Section4

PROJECTS TUS

Progressduring April-June,1992, is summarizedbelow for each of the on-going

tasks in the Scope of Work.

PHASE I - PERMITTING,ENVIRONMENTALMONITORINGPLAN AND PRELIMINARY

ENGINEERING

Task 1.1.2 - Develop EnvironmentalMonitoringProgram

Radian and SCS are still preparinga responseto the only remainingissue

raised by DOE on the EnvironmentalMonitoringPlan regardingfly ash analysis.

The suggestedplan and revisedEnvironmentalMonitoringPlan will be submitted

to DOE during the next quarter.

->bASEII - DETAIL DESIGN ENGINEERINGAND CONSTRUCTION

Task 1.2.1 - DetailedDesiqn Enqineerinq

The detaileddesign engineeringphase continuedduring this reportingperiod

with over 80 percenton the total projectcompleted. The personnel/catalyst

hoist erectionpackagewas issued for bids, bids were receivedand the

evaluationof bids was completed. The purchaseorder was issuedto USA Hoist

on June 18, 1992. Major equipmentdeliveredto the site includedthe air

heaters,fly ash cyclones,flue gas/air fans, bypass heat exchangers,4KV

switchgear,venturis,480V motor controlcenter, flue gas/airelectric

heaters,dampers/actuators,and portionsof the air compressorsystem. A

summaryof equipmentorderedand its deliverystatus is given in AppendixA.

Designwork and specificationpreparationwas completedfor the reactor

vesselsand reactortransitionductworkand the specificationswere released

for bids. The bid responseswere received,and based on the evaluation

results,a contractwas awardedto CentralAlabama Fabricators.

Ductworkand fan system analysesduring this period indicatedcertainfans had

insufficientstaticpressurecapability. As resolutionto this problem,

..m.odific__tionsto the small reactorfans and hot air fan were made, and certain



ductwork has been increasedin size to improvethe systempressuredrop.

Modificationsto the large reactorfans were not deemed to be cost effective.

lt is anticipatedthat the maximumflue gas flow rates which may be achieved

during parametrictestingfor the large reactortrainsmay only exceed the

design rate by 25 percent. The originallyplannedmaximum rate was 50 percent

greater than design. However,even if this proves to be the case, it will not

change the overall objectivesof the demonstration.

In reviewingvendordrawingsof the reactorsootblowers,for which a contract

was awardedduring the previousquarter, it was discoveredthat there were

interferenceswith the retractablesootblowersystemand the structural_eel

support for the demonstrationfac<lity. In resolvingthis issue,the

sootblowers'slengthwas shorten(_dand the sootblowerswere relocated

perpendicularlyto the originalorientation(i.e.,the sootblowertraverses

the width of the reactor insteadof the length).

The data acquisitionand distributedcontrolsystemhardware and softwarewere

deliveredto SCS. Configurationof the controlsystemwas begun and is still

in progress.

SCS issueda revised laboratorytestingprotocolto the catalyst suppliersfor

final review and approval. This revisionwas based on the latest responses

from catalyst suppliersregardingthe proposedcommon laboratorytesting

protocol.

Effortscontinuedto replaceNorton, a catalystvendor who withdrew from the

project. A proposed EvaluationAgreementand accompanyingdocumentationwere

sub_ittedfor approv_lto the supplierselectedin the evaluationconducted

during the previous quarter. Negotiationof the agreementcontini1esbut is

close to completion.

The final scope of work was developedfor the testingand analyticalservices.

Major portions of the drafted scope of work are includedin Appendix B. Ap
, proposedcontractwas submittedto the selectedtesting servicessubcontractor

and contract negotiationsare essentiallycomplete.

Task 1.2.2 - Construction



Constructionof the Plant Crist SCR demonstrationfacilitycontinuedduring

this quarterwith the concrete/pilingwork being essentiallycompleted. All

of the pilingswere driven,major foundationspoured and 98 percentof all

foundationswere finished.

Steel fabricationbegan and the first of four sequenceswas completed. This

first sequencerep_'esentsabout 50 percentof the total steel to be

manufactured. Fabricationof the second sequencewas underway.

Vendor bids were received,evaluated,and the contractawardedto Kan-Duit

Constructionon the structuralsteel erectionpackage. This subcontractor

mobilizedand began structuralsteel erection in June.

Specificationswere issued for bid on the control room and gas analysis

systemsbuildings. A prebidmeetingwas held on April 9 and bids were

receivedon April 29, 1992. The bids were evaluatedand alternativebids were

subsequentlyrequestedfor the heatingand air conditioningportionof the

bid. The alternativebids were evaluatedand a contractwas awardedto Martin

Johnson on June 4, 1992.

With the specificationson the passengerelevatorwithin the control room

buildinghaving been releasedfor bid during the previousquarter,a prebid

meeting was held on April 20, 1992. Bids were receivedon April 30, the bid

evaluationwas completedand a contractawardedto Miami Elevatoron June 5,

1992.

The combinedmechanicaland insulationconstructionpackagespecifications

were issued for bids. A prebid meetingwas held on May 5, 1992, and vendor

bids were receivedon May 27, 1992. The evaluationof bids was completedand

a contractawardedon June 30, 1992 to R. N. Pyle. The award includedhaving

12 inches of insulationon the SCR reactorsand reactor inlet ducting.

Originally,the planned insulationthicknesswas only 6 inches. However, the

insulationthicknesswas increasedbased on recommendationsfrom catalyst

suppliers,with their previouspilot plant experiences,and from EPRI. EPRI's

_R pilot plants have 6-inch thick insulation,but have experiencedproblems

and are planningto increasethe insulationthickness. EPRI agreedwith our

plans to have more insulation.
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The specificationpackagesfor electricaland I&C erectionwere combined into

one constructionpackageand issued for bids. A prebid meetingwas held on

May 18 and bids were receivedon June 9, 1992. The evaluationwas essentially

completedand contractaward was in progressat the end of this reporting

period.

Preparationof paintingspecificationswas begun during this reportingperiod.

Asbestos removal specificationswere finalizedand were added in the

individualconstructionpackages as warranted.

Task 1.2.6 - ProjectManagementand Reporting

Weekly coordinationmeetingswere held with Design Engineering. The MIS,

developedfor trackingoverallbudget and schedule information,was used to

monitor budget and scheduleand to help fulfillDOE reportingrequirements.

Monthly progressreportswere submittedto DOE.

Monthly projectreview meetings to discussdesign and constructionstatus were

held betweenSCS and Gulf Power at Plant Crist. A projectreview meetingwas

held in Birminghamwith DOE and EPRI on April 16.

A press briefingand dedicationceremonywere held for the project at Plant

Crist on June 30 and July I, 1992, respectively. The press briefingprovided

the local press an opportunityto ask questionsof a panel representingDOE,

SCS, and Gulf Power about the project,the technology,and the local impacts.

Representativesfrom DOE, EPRI, Gulf Power, SCS, catalyst suppliers,and state

environmentalagencieswere presentfor the dedicationceremony. These events

were reported in local newspaperarticlesand televisionnews stories.

Projectcost growth has been projectedbased on improvementsto the facility

design and solicitationof fundingfor the cost growth continued. The onsite

operationsengineerand processengineerpositionswere filledduring this

reportingperiod.



Section 5

PLANNEDACTIVITIES

During the July - September,1992 quarter,the followingactivitiesare

planned:

o Complete the followingportionsof Phase II, detailedengineering

design and constructionpackage awards:

I. Complete structuralsteel fabricationand erection.

2. Begin mechanical/insulationand electrical/I&Cconstructionwork.

Installfans, switchgear,bypass heat exchangers,cyclones,air

preheaters,air compressor,and ammoniahandlingsystem. Begin

ash systemmodificationsand installationof ductwork,service

water and air piping,electricalsystems,fire protectionsystems,

and instrumentation.

3. Begin constructionof controlroom and gas analyses system

buildings.

4. Finishdevelopingspecifications,issue inquiriesfor vendor bids,

and completeevaluationsof vendor bid packagesfor painting.

5. Receivereactor,reactortransitionductwork,and reactor

sootblowingsystems.

o Continuecontrol systemconfiguration,selectpilot plant operators,and

prepare for operatortrainingon the controlsystem.

o Secure signed agreementsfor testingand analyticalservicesand for

selectedreplacementcatalystsupplier.

o Begin developingdata reductionmethodology.

II



APPENDIXA

PurchaseOrder Tracking Report



, , _ fILl .... ,I_III:,LI,



_ _:_.iiili i :i _ _ • • (:

o :. 01:_ a >o ,",i i_ o _ o oLIJ o4 •..-.J o4 031--,_: 0 W i._::• ILl W:: ILl: 0 W. W 0 _ WCO W o'J o_

•- 0.;.:.! _ o gO Z ,ct: 111 ,,¢: W.I LU:
O, ..... _.i: .: . _: _ 0 rr': _ CE: rr.. 0:: _.

• . iil)!!ii:. ::iii: Q) . :.:

• ....,.. .. : ..

::: :,:,:, • :.::: : :::, .:: :::
W ¢_I • i¢'_I:i:::'::.: _ : £Xl !<XI:i :i'M 04 ¢%1 O,I _ :¢_::

:,Y-:::::;:,: ,,e- _ : .'e-. :: ,r- I-"-', :,_,, .. _ ',¢'_-:. ::,r'.:.

LI,,I_ _ O '_:: _.. O C)! O: O .: t"), : :C_!:

"" c_ :Oi:i:::,: o3 _:: :t:::>-_.,... : -,.... _ _ _ ,.,,.,, _ -,,,.,,. •

...._:::i_:_:,,,:,,......................o'-"'-'-° i::_'ili"':i_iii"::ii:i:_! ,::,,::,_,,::':::':':":".......................:_:':':_:'::.........'::_ ....""":':':'::......i:!,:!ii,:":':':_:::::::::::::::::::i!':':_::::":::"
•...... . : >::::: .. ; : i:i!! : ! :::::

....._:i_ ......::.: ........... .;:.ii:.!:i :.. :. :!iiii:! i::i . ......
•i-- :O_,I:;: C_I i: ii ! 04 OJ:: Cx,l ' ('Mi '£'_I 04 CM: :¢_ : 04 :<M!:i t'_:i

_:o

0,,. ,.,., _ :,--.,, _ .:: .,_ _ .---. .-.. --.. ......o: o :_ • o""- o o o c_ o o ,c:::):: c) Oi.
::: ::.

: :: • :.. . .:
• !::.::: : ; : . : . : .

::: : :::ii . : ' : ::. ::: !: :i ........":...::. .... _ :O!:_i.:::,: ...." .t,,,O: .... :::. .........
...." I--, l--i. : :::: (D .: : :::.:::::

cnl'- O:_::: _..w O:ii::::::: q,,) O --J _:: Z:_ Z :mi:_. i ::::

¢: .z:, _ ii_. z= - Ill S o o:
" :rr" 05 1:1.. < : o')

z ,",w _ o: z _ :: o,, w: _ _: _ z::.CO:: lm: 00 W o_

I:L, :> W £Z)!i -- --. 0 _ :_.-. I-,-:: '-

0 _ _ ct)

'-') _F :::51 :)

IT" ! :::i:i: : .: , .::::

i::i::_!i!!i _::_i_i:i:i::::Wi _:_ii _:::ii!ii::i!:i!!iiiiii::': i:i:ii! ::_!_!ii :/::i:,ili!i!!!i_ii
:: ................ /::;i!::i_iiZi!iZ -J _:i.i:::::_....... _::_!_!:!:_ ................

iii:i!::::.!_i: W:: ....... :::::::::
" .... l:_i: ILl .... : !::! (:][:: :7: :

0 oo :O:::_ _ _ ::.i: w:-- >" UJ :r.2_!:!::: WI,- _ 03::: _: _!:

UJ 0.,_a'-tr" tU_. 00 O. t3 Z _ _i I--0 WT. O"J _.-- > --tr" LLI .tr:::: >" k.,::_'__ <. < <: ..,,j: n_:

>" ._;i: < _:i:!!_:i _ ct:: _: - z_: :<:_ --- rr W:I CO _:: 2.:: _ Oi:. tr:: c). _ii_ "¢:_:I'm:

0 < :Oi_i Z :OilZ_ w _ i _ Z 0 -- °30 I.,-. :3 Zi_ CO:
Z :O.::: O i_:.;:_<_ _ <: < O -- --

.... 0 ,_j: 0O: I,- < _ _ L_ I_:

= <::o: o _ "_ :__!
: :::

n- O ili .................... .. .::::7 :::,::::: • . i .:i:!' [::
;..>;.> ':[:L/ ..... ::.!.:. :::.:

0 =" i :o:i ::: o o _-,:: o o o co::. o o:: :o:>" ..... :I::..:_:: I: I

-- OJ '_'_i:: CO ..',e't.::t"_ _ :,r":: U") I::3 'CNI:: _ ,r- "r-" ,r- ¢_I; 0_1:t'r" :::3 ,,r- _": _- 0.: _:: 0 :,r',.: ,,,-'- O,,I _ ,- ,r- .,-- 'C_ _-_:
0 O _" _::: r-,. _::w! "" ": r,..z o o o o: o _ ,--

"" -- O :(,3::i O :O.:O.. O O,:: ro 1:3 O: (3.:: O (.3i: ro (.,).: O >"
(,3 03 •00.i o3 t.,D:iii_.!. 03 _i_ _ < o3: (/".i _ :t._i 00: CO .03:1 r.,0: (.'3
,.,. ........... :,:::,:,: ........
k- rr" •:::_: !::.:.:_:_:! :i:: ! ' ...... w
tr" LU :;::: : ....... Z; : W
W t'7 : .:::!:;:! 7 • :
I"7 It" : . : (::::!h:: . : : LL.

O• :: ,

w _ _ _ _! ._ : _ wOr) It) 0 0 :: co Lt) :£0_ii
7" 0 0 0 0 0

o o o o i_i; o . , o o rr"rr " :,.,,,:,::'............ .......... ..... ,.,<O ................ O ,,,,.,,: O :rO,:i :_..:; _::,o')i:!_. o ::_::_ _ !i_!!i o ,.,:. __::. o ! i_ii w,......., . ..-,,,.,.....,... . . . , .... .., ... : ... 2

, i ltn





APPENDIXB

Testingand AnalyticalServicesScope of Work

mm



Section 3

TECHNICAL PLAN

In this section the technical plan for performing the tasks is presented. An overall schedule of

activities is presented for each task and the overall project, and tables are provided listing the

manhours assigned to key personnel and supporting staff for each task.

PLANNING AND PREPARATION

During the period from July through December 1992 activities will be in progress in preparation

for formal startup of the test facility in January 1993. For the convenient, _ 'he discussion in

this section, as well as the preparation of the cost proposal, activities during this time are referred

to as Task 0. During this six-month period there are a number of scheduled meetings to review

the status of preparations. Equipment to set up the laboratory at the test facility will be

purchased during this time. The equipment will be transported to the site and installed. Toward

the end of this period the testing personnel assigned to the project will begin working at the

facility. _ and_ will work with SCS in the selection and location of sampling ports and

! other details related to the performance of sampling protocols on the reactors. Testing
enclosures will be erected on the test facility and arrangements for the storage of test equipment

,! will be made. These activities will ensure that the test program will proceed at a normal pace

even during inclement weather conditions. During the last month of this preparatory period,

' intensive activities will begin in_and at the test facility toward the commissioning of

! the test facility (Tasks 1, 2, and 3).

I

COMMISSIONING THE PILOT PLANT

!
i
i The startup and commissioning of the SCR Pilot Plant at Gulf Power Company's Plant Crist is
i

scheduled for a fifteen week period. Tasks 1, 2, and 3 are to be performed during the
t
i commissioning exercises. Table 1 presents a weekly schedule for the completion of these tasks.

13

lp, ,11,,., ........ "



Table 1. Startup and Commissioning Test Schedule

WEEK

Startup and Commissioning Tests 1 2 3 4 5 6 7 8 9 10 13 14

Task 1: Commissioning Without Catalyst and Ammonia

Calibrate Flow Control VeamrLs
Verify Gas Sampling System J

High Load Tests

Measure Mass Concentration & Collect Ash Samples B
Collect Trace Metal Samples [Measure Conceatrations of 02, NO, N20, HC1, NH3, SO3
Measure SO2 & SO3 Concen_ration.s at Reactor Heaters

Analyse Ash Samples andTrace MetaJ.Samples _ ..................................

Low Load Tests

Measure Mass Conce_ttration & Collect Ash Samplu _[
Coiled. Trace Metal Samples [Measure Concentrations of 02, NO, N20, HCf, NH3, SO3

Measure SO2 & SO3 Concentrations at Reactor Heaters ....

Analyse Ash Samples and Trace Metal Sampl_ ........ __i_i

Complete Verification of Gas Sampling System
Complete An), Tests From Weeks 1, 2, 3

Task 2: Commissioning Without Catalyst & With Ammonia

Monitor Ammonia Oxidation
Verify Ammoma Flow Control and Ammoma Mass Balance lDetermine Gas S.ampling System Equilibrium Times

Task 3A: Commissioning With Catalyst & WRhout Ammonia

Measme SO2/SO3 Conversion Rates ME _

Task 3B: commissioning With Catalyst and Ammonia

Collect Ash Samples At Re.act_rOutlets
Preliminary Parametric Te.¢:Sequence

14



TASK 1. Commissioning Without Catalyst and Without Ammonia Injection

The objectives of task 1 are to measure the performance of the flue gas extraction system, to

define the baseline physical and chemical properties of the flue gas at various points in the pilot

plant ducting, and to confirm the accuracy, of the flue gas continuous monitoring system. The

three full-time on-site I_lpersonnel will be augmented by an I_field testing crew during this

four-week period. The temporary crew will primarily be engaged in particulate sampling and

analysis while the resident crew will be engaged in gaseous sampling and analysis. This task will

require four weeks to complete. The details of this work are provided below.

WEEK 1 - Cah'brations and Verifications

.4. The flow control venturis for each of the nine reactors will be calibrated by
measuring gas velocity (Pitot traverses), temperature, and static pressure at three
flow rates; minimum, design, and maximum, 3000, 5000, and 7500 scfm for the
large reactors and 240, 400, and 600 scfm for the small reactors. This work will be
carried out by the field testing crew. We estimate that two to three venturi
calibrations can be completed each day. One full week is allotted for this work.

B. The _on-site crew will assist in the verification of the gas sampling system.
This may include characterization of flue gas composition (02, CO, CO_ NO,
SOz) at selected gas sampling points. The following methods will be used:

O2 - Teledyne Oxygen Analyzer
CO - Fyrite analyzer
CO2- Fyrite analyzer
NOx - Portable ThermoElectron Chemiluminescence Monitor
SO2- H202 bubbler, Ion Chromatography

WEEK 2 - High Boiler Load

A. While the unit 5 boiler is at stable high-load operation, particulate mass
concentration and particle size distribution will be measured at eleven locations in
the pilot plant and unit 5 ducts. These locations are:

Unit 5 Hot-Side ESP Inlet Duct (source of high-dust stream)
Unit 5 Hot-Side ESP Outlet Duct (source of low-dust stream)
Each of the Nine Reactor Inlets

The high load mass concentration at each sampling point will be determined for
two, consecutively-run, EPA method 17 mass trains. This sampling will require 22
method 17 runs.
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B. The particle size distribution of the combined mass train catches for each pair of
method 17 runs will be determined in _laboratory using a
Shimadzu particle sizing device. Quality assurance for thi.,_laboratory work will be
provided by a pair of consecutive cascade impactors and a pair of consecutive six-
stage series cyclones run at the Unit 5 hot-side ESP inlet duct (the source of the
high-dust stream) to verify the Shimadzu particle size distributions. This activity
will require 11 laboratory particle sizings and four in-situ particle sizing runs.

C. The combined mass train catches for the pair of method 17 runs at the Unit 5 hot-
side ESP inlet duct (the source of the high-dust stream) will be subjected to an ash
mineral analysis.

D. The high-load baseline trace metals profile of the pilot plant will be documented
using modified Method 5 (EPA) metals trains. The metals trains will be run at the
high-mass extraction scoop (Unit 5 hot-side ESP inlet duct), at the low-mass
extraction scoop (Unit 5 hot-side ESP outlet duct), at the inlet to one of the large
reactors, and at the inlet to the low-dust small reactor. The high-load trace metals
profile will require 4 sampling runs and the analysis of 4 samples.

E. The fly ash samples collected with the six-stage series cyclone sampling train at the
Unit 5 ESP inlet duct will be subjected to a size-specific mineral and trace metals
analysis (ICAP).

F. High-load baseline concentrations of HCI, NH3, SO2/SO3,NO, N20, and 02 will
be measured in the two main ducts at the extraction points; the unit 5 hot-side
ESP inlet and outlet ducts. Three samples will be collected at each location for
each species. 02 will be measured using a portable Teledyne 02 analyzer. NO will
be measureti using a portable NOx analyzer and N20 will also be meas,:red with a
portable instrument. The determinations of HC1, NH3, and SO-,/SO3will require
manual sampling methods and subsequent laboratory analysis of individual samples.
This sub-task will require 9 instrumental determinations, nine manual stack
sampling runs, and nine laboratory analyses ali done by the on-site_taff

temporarily augmented by one _ chemist.

G. Concentrations of SO2 and SO3 will be measured simultaneously in one of the
large reactors before and after the reactor heater and at the reactor outlet.
Identical SO2/SO3 measurements will be made for one of the small reactors. Two
samples will be collected at each sampling site (twelve in all). Additional testing
on other reactors will be performed if warranted by the results of these tests.

H. Laboratory analysis of particulate samples and trace metals samples will begin.
These analyses will be conducted at the_ laboratory. These
analyses should be completed prior to the beginning of Task 3 (commissioning with
catalyst).

16
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WEEK 3 - Low Boiler Load

A. While the unit 5 boiler is at stable low-load operation, particulate mass
concentration and particle size distribution will be measured at twelve locations in
the pilot plant and unit 5 ducts. These locations are:

Unit 5 Hot-Side ESP Inlet Duct (source of high-dust stream)
Unit 5 Hot-Side ESP Outlet Duct (source of low-dust stream)

, The Economizer Bypass Duct
Each of the Nine Reactor Inlets

f The low-load mass concentration at each sampling point will be determined for
i two, consecutively-run, EPA method 17 mass trains. This sampling will require 24
', method 17 runs.
i

; B. The panicle size distribution of the combined mass train catches for each pair of
I method 17 runs will be determined in _ laboratory using a
1 Shimadzu particle sizing device. Quality assurance for this laboratory work will be

. ) provided by a pair of consecutive cascade impactors and a pair of consecutive six-
;I' stage series cyclones run at '.he Unit 5 hot-side ESP inlet duct (the source of the
, high-dust stream) to veri_ the Shimadzu particle size distributions. This activity

i will require 12 laboratory particle sizings and four in-situ particle sizing runs.

:i_ C. The combined mass train catches for the pair of method 17 runs at the Unit 5 hot-

/

1 side ESP inlet duct (the source of the high-dust stream) will be subjected to an ash

:] mineral analysis.D. The low-load baseline trace metals profile of the pilot plant will be documented
I using modified Method 5 (EPA) metals trains. The metals trains will be run at the

high-mass extraction scoop (Unit 5 ht, t-side ESP inlet duct), at the low-mass
extraction scoop (Unit 5 hot-side ESP outlet duct), at the economizer bypass duct,
at the inlet to one of the large reactors, and at the inlet to the low dust small
reactor. The low-load trace metals profile will require 5 sampling runs and the
analysis of 5 samples.

E. The fly ash samples collected with the six-stage series cyclone sampling train at the
Unit 5 ESP inlet duct will be subjected to a size-specific mineral and trace metals
analysis (ICAP).

F. Low-load baseline concentrations of HCI, NH3, SO2/SO3,NO, N2O, and 02 will
be measured at two locations; after the point a: which the economizer bypass
mixes with the flue gas from the hot-side ESP inlet and at the hot-side ESP outlet
duct. Three measurements of each species will be made at each location. O2will
be measured using a portable Teledyne 02 analyzer. NO will be measured using a
portable NOx analyzer and N20 will also be measured with a portable instrument.
The determinatior_ of HCI, NH3, and SO.4SO3 will require manual sampling
methods and subsequent laboratory analysis of individual samples. This sub-task

I will require 9 instrumental determinations, nine manual stack sampling runs, and

17



u_ • -

nine laboratory analyses all done by the on-site _ staff temporarily augmented
by one _l_chemist.

G. Concentrations of SO_.and SO3 will be measured simultaneously in one of the
large reactors before and after the reactor heater and at the reactor outlet.
Identical SO_/SO3 measurements will be made for one of the small reactors. Two
samples will be collected at each sampling site (twelve in all). Additional testing on
other reactors will be performed if warranted by the results of these tests.

H. Laboratory analysis of particulate samples and trace metals samples will begin.
These analyses will be conducted at the _laboratory. These
analyses should be completed prior to the beginning of Task 3 (commissioning
with catalyst).

WEEK 4 - Wrap-up

A. The field test crew will finish any tests scheduled for the first three weeks that
were not competed.

B. The on site _crew will complete the verification of the gas sampling system
begun durinff-ffeek 3.

C. Laboratory chemical analysis of size segregated particulate samples and trace

metals samples will continue at _ laboratory.

The Request For Proposal indicated that an option may be offered related to on-line tracking of

changes in particulate characteristics, specifically the particle size distribution. Cascade impactors

and series cyclones are the most reliable method for measuring particle size distribution on a

routine basis in flue gas streams. Periodic measurements using these instruments will be

performed during the test program on an as-needed basis. _also proposes to monitor the

I response of the SCR reactors to transient effects, such as soot blowing, during commissioning and

! the parametric testing. Depending on the response of the SCR reactors to these transient events,
i

_can easily transport instrumentation (real-time optical particle counters with dilution probes,

i an INSITEC in situ particle classifier)_to the test facility to evaluate changes in

i particulate characteristics during these short term events.

TASK 2 - Commissioning Without Catalyst and With Ammonia Injection

The objective of task 2 is to verify ammonia flow control, establish the ammonia mass balance,

and to measure ammonia oxidation across the reactors prior to loading catalyst into the reactors.
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Two weeks have been allotted to complete this task. The mass flow rate of ammonia into each of

the nine reactors will be determined, the ammonia mass balance for the system will be verified,

and the distribution of ammonia across each reactor inlet cross section will be measured.

Ammonia oxidation at four combinations of flue gas flow rate and temperature will be measured

i on one large reactor and on one small reactor.

Weeks 5 & 6: NII s Distn'bution and Mass Balance

A. Ammonia oxidation will be profiled at a NH_O x ratio of 1 for two typical reactor
streams; one through a large reactor and one through a small reactor. The profile will be
constructed from samples at these conditions:

High Temperature (750°F), Low Flow Rate (3000 or 240 scfm)
High Temperature (750oF'), High Flow Rate (7500 or 600 scfrn)
Low Temperature (620°F), Low Flow Rate (3000 or 240 scfm)
Low Temperature (620°F), High Flow Rate (7500 or 600 scfrn)

This testing will require simultaneous sampling for NH3 at the inlet and the outlet of each
of the two reactors at each of the above combinations of temperature and flow rate.
Following each NHs run, the sampling trains will be modified by changing condensers to
allow SO s to be measured. Thus four NHs and four SO3 runs (two of each at the reactor
inlet and two of each at the reactor outlet) will be required at each of the four conditions;
16 NFIs runs and 16 SOs runs in all.

B. Verification of ammonia flow control and confirmation of ammonia mass balance will be
monitored by measuring ammonia in the gas phase and on particulate at the inlet and
outlet of each of the nine reactors. Measurements will be conducted in the four

quadrants of the inlet and outlet cross sections of each of the large reactors at an
NHJNO x ratio of 1.0. Due to constraints imposed by the physical size of the small
reactors, the cross section available for measurements is limited.

C. The time to reach equilibrium when turning on or shutting off ammonia to each reactor
will be determined. This "dead time" will be determined using the gas sampling system
augmented by manual sampling as necessary.

TASK 3 - Commissioning with Catalyst, Without Ammonia Injection and With
Ammonia Injection

Under Task 3, _11 complete the following testing: measure the conversion rate of SO2 to

SOs across each reactor with catalysts installed but without ammon _ injection, collect isokinetie



ash samples at the outlet of each reactor under two operating conditions (with catalyst and

ammonia), measure the velocity distribution, NOx concentration and NH 3 distribution across each

reactor outlet cross section at a single operating condition (with catalyst and ammonia), and

perform a preliminary parametric test sequence (with catalyst and ammonia). Each of these

measurements is described in more detail below. Task 3 will require nine weeks to complete.

Weeks 7, 8, & 9

TASK 3-A Commissioning with Catalyst and Without Ammonia Injection

The primary objective of Task 3-A is to characterize the SO2/SO3 conversion across each of the

nine reactors with catalyst, but without ammonia injection.

A. To fully characterize conversion over the range of temperatures and flow rates• ,

_' anticipated during parametric testing, SO2 and SO3 concentrations will be
_i measured at the inlet and outlet of each reactor at nine conditions; three flow

rates (design, minimum, and maximum), and three temperatures (620"F, 700"F,
} and 750"F). The characterization of SO_/SO3 conversion for each reactor (each

el

_ with a different catalyst) will require simultaneous inlet/outlet SO2/SO3 runs at
!:1 each of the nine combinations of temperature and flow rate. Consecutive pairs of

runs will be made to provide minimal statistical validity. Thus 18 pairs of runs will
t be needed to fully characterize each reactor, a total of 324 sampling runs. The
! assistance of an additional chemist from the _ will be
l required to allow us to work as two, two-man sampling teams, each team testing a

I' single reactor; one chemist/technician sampling at the inlet of a reactor while the
i other samples simultaneously at the outlet of the same reactor. Each team will
I sample one reactor at one temperature and three flow rates each day. At this rate
I each team will complete a test matrix for a single reactor in three days. Allowing

i' for minimal time-loss due to upsets and delays in setting up the desired reactortemperatures and flow rates, we estimate that this subtask will require three weeks
11 for completion.

Weeks 10, 11, 12, 13, 14, and 15

TASK 3-B. Commissioning with Catalyst and With Ammonia Injection-_
[Preliminary Parametric Test Sequence]

The commissioning activities under Task 3-B will be centered around a preliminary parametric test

sequence that will be performed after the catalysts are installed in the reactors and with ammonia

injection. The matrix of flue gas temperatures, flow rates, and NH3/NO, ratios for this testing is

shown in table 2. These 16 tests are a subset of the 35 tests scheduled for the parametric
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Table 2. SCR Reactor Preliminary Parametric Test Sequence

. Test Parameters Special Measurements
Day Test # Temperature Rank Flowrate NH3/NOx NH3 SO3

F SV, fraction Ratio Outlet Outlet
of base case

1 5 700 A 1 0.9 X
1 6 700 A 1.5 0.9 X

_i_ii_i_i_i!_i_i_ii_i_i_iii_!_ii_i_i_ii_!_i_i_!i_!_i_ii_i_!i_ i! !!ii!i_!!!ii!!!ilii!i!i!ii!i!i!!iiiii!i
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: !i::i!!:i'.i:i::!::i:!i :: i :::::::::::::::::::::::::::::_:::::::::::::::::::::::::::::::::::::::::::::::::: i::::::'::: : i:!: i ::'.

2 12 750 A 1.5 '0.8 X "Xli = 7= 0= x
2 15 750 A 1 0.9 X

t 2 17 750 A 0.6 1 X X
2 18 750 A 1.5 1 X X

,,,, H

3 22 620 A 0.6 0.8 X X

3 24 620 A 1 0.9 X

........................................................................................................................................ ....,,.............. ii_iiii............................................................. ...

3 26 620 A 0.6 I X X

Notes: Rank: A, ftrst tier of tests, considered most important
**: This test will also h_clude tests at the reactor outlet for HCI and particulate concentration
Shading: These tests will include gas/particulate ammonia measurements at the reactor outle_

to conftrm ammonia mass balance
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evaluations that will begin after commissioning is completed. Most of the testing will consist of

NH3 runs at the reactor outlets at each of the combinations of space velocity, temperature, and

NHjNOx ratio shown in table 2.

A. The NH 3 sample trains will be configured with a condenser aad bubblers to
capture gas-phase NH3and a heated filter to capture particulate for solid-phase
NH 3 determinations. The samples will be collected as the probe traverses the duct
at sampling points dictated by duct cross-section geometry and sampling rates
controlled to maintain isokinetic sample collection. We do not anticipate the need
for solid-phase NII 3 determinations of all of the particulate samples but, we will
have the capability to analyze these samples as needed.

B. A series of gas/solid phase NH3 determinations will be run at the outlet of one of
the large reactors at the six operating conditions included in table 2 defined by
temperatures of 620"F and 700"F, space velocities of 1.0 and the maximum
dictated by fan capacity, and NHgq'40,, ratios of 0.8 and 1.0. The primary purpose
of these sampling runs is to provide data to ensure closure of the NH 3 mass
balance with catalysts loaded into the reactors.

C. In addition to the routine NH3 measurements, further testing will be conducted to
define possible flow channeling through the reactors. Under test condition 4
(design point for 80% NOx removal; 700"F, space velocity = 1, and NHrCNO,_=
0.8), the velocity, NOx, particulate, HC1, N20, and NH3 profiles across each reactor
outlet cross section will be measured. These velocity and concentration profiles
will require test runs at the centroids of equal area polygons across the reactor
outlet cross section. The selection of testing points may be limited by the
availability of ports, and in the case of the small reactors, the size of the probe in
relation to the reactor cross section. The ash samples will be combined for
subsequent mineral and trace metals analysis.

D. Outlet SO3 concentration will be measured on each reactor at the seven conditions
indicated in table 2. These tests are intended to monitor SO2 to SO3 conversion
across the reactors. Measurement of HCI and particulate concentration will also
occur during test condition 4.

Five or six days will be needed for the three-man _Rptest crew to complete the preliminary

parametric test sequence on two reactors. Single sample train runs for NH3 and SO3

measurements will be made with additional runs as time permits. The following test sequence is

envisioned for each reactor:

22
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Day 1: Test condition 4; map the flue gas velocity profile, NO x concentration profile, and
NH3., and N20 concentration profile across the outlets of the two reactors.

Day 2: Test condition 4; map the HCI and particulate concentration profile at the outlets
of the two reactors.

Day 3: Test conditions 3, 4, 5, 6, 7, 8; measure NH3 and SO3 concentrations at the outlets
of the two reactors.

Da), 4: Test conditions 12, 13, 14, 15, 17, 18; measure NH3 and SO3 concentrations at the
outlets of the two reactors.

Day 5: Test conditions 22, 23, 24, 25, 26; measure NH3 and SO 3 concentrations at the
outlets of the two reactors.

Day 6: Contingency day.

Approximately six weeks will be required to complete these tests on ali nine reactors (two

reactors per five-six days). At the conclusion of the preliminary parametric test sequence, the air

heaters will be placed in service and NH3, SO3, and particulate concentrations will be measured at

the three air heater outlets.

TASK 4. REACTOR PARAMETRIC TESTING AND AIR I-IEATER PERFORMANCE
EVALUATION

Upon completion of commissioning, the test facility is scheduled for two years of long-term

operation with parametric tests scheduled at regular intervals for each reactor. During the

parametric testing, the performance of each SCR reactor will be evaluated at a variety of

operating conditions (variations of space velocity, temperature, and NH3/NO x molar ratio). The

air heaters associated with the three large SCR reactors will also be closely scrutinized during this

operating period. W testing activities during this two-year period are included in Task 4. The

specific testing activities are described in more detail below.
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Task 4-A. Reactor Parametric Testing.

Long-term operation of the nine reactors will begin after completion of the commissioning tests

and the preliminary parametric test sequence. Upon completion of the preliminary parametric

test sequence under Task 3-B, the reactors will be set up to operate in their design mode. The

initial parametric testing will begin after a pre-determined period of routine operation. When

parametric testing of a reactor is completed, the reactor will return to its design operating mode

or other optimal operating conditions determined during the parametric testing. Seven or eight

parametric test sequences are scheduled for each reactor during the two-year long operating

period.

Table 3 gives details of the parametric test matrix and also lists additional measurements that will

be performed by_ Reactor performance will be evaluated at thirty-five combinations of space

velocity, temperature, and NH3/NOx molar ratio. The parametric tests of each SCR reactor will

be run during a four-day period as shown in Table 3. This testing schedule will allow us to

evaluate, on average, a single reactor each week. Nine of the thirteen weeks during each three

month period will be dedicated to parametric testing.

During each four-day parametric test sequence, testing will include up to 35 reactor outlet NII 3

concentration measurements, 13 reactor outlet SO3 concentration measurements, four reactor

outlet particulate mass concentration measurements (including ash mineral analysis), and four

reactor outlet HC1 and N,.O concentration measurements. Single sampling runs will be made for

each measurement of gaseous concentration with duplicate runs made as time permits.

The four weeks not scheduled for parametric testing will be used byOo perform any

uncompleted parametric tests, analyze samples, maintain equipment, replenish testing supplies,

perform required QA/QC activities, and reporting. In addition to these routine tasks, it is

anticipated that special testing will be required from time to time. Among the special tests that

we anticipate are additional size-specific trace metals tests using six-stage cyclones and/or modified

Method 5 sampling trains and measurements of mid-level NH3 concentration between catalyst

beds. Additional trace metals analyses will most likely be run at the mid-point and end-point of

the parametric testing. These tests will be scheduled by the SCS project engineer.

24



Table 3. SCR Reactor Parametric Test Sequence

Test Parameters Special Measurements
Day Test # Temperature Rank Flowra_ NH3/NOx NH3 SO3 Particttlarz OtherAna.lys_

F SV,fraction Ratio Outlet Outlet
of base case

t 1 1 700 B 1 0.6 X X Coal
i 1 2 700 B 1.5 0.6 X

1 3 700 A 1.5 0.8 X

1 4 700 A 1 0.8 X X X HC1,N20
1 5 700 A 1 0.9 X
1 6 700 A 1.5 0.9 X
1 7 700 A 1.5 1 X
1 8 700 A 1 1 X

_ 1 9 700 B 1 1.1 X X
: 1 10 700 B 1.5 1.1 X

2 11 750 B 1.5 0,6 X X Coal
" 2 12 750 A 1.5 0.8 X X

2 13 750 A 1 0.8 X
:. 2 14 750 B 0.6 0.8 X X
_:" 2 15 750 A 1 0.9 X
" 2 16 750 B 1 1 X
: 2 17 750 A 0.6 1 X X

2 18 750 A 1.5 1 X X
2 19 750 B 1.5 1.1 X X

3 20 620 B 1 0.6 X Coal
3 21 620 B 1 0.8 X
3 22 620 A 0.6 0.8 X X
3 23 620 A 1.5 0.8 X X
3 24 620 A 1 0.9 X
3 25 620 A 1 1 X
3 26 620 A 0.6 1 X X

3 27 620 .B 1.5 1 X X
3 28 620 B 1 1.1 X

, 4 29 660 A 0.6 0.8 X X HCL N20, Coal
4 30 660 A 1 0.8 X X HCl, N20
4 31 660 A 1.5 0.8 X X HCL N20
4 32 660 A 1.5 0.9 X
4 33 660 A 1 0.9 X

_ 4 34 660 A 1 1 X
4 35 660 A 1,5 1 X

Notes: Rank - A: First tier of tests, most important
B: Secondtier oftests,secondaryimportance



Task 4-B. Air Heater Performance Evaluation

Each of the large pilot SCR reactors includes a downstream air heater. The effect of the SCR

process on the performance of these air heaters is an important aspect of the over-ali research

program. Thus the test plan includes a long-term air heater evaluation. The air heaters will be

bypassed during parametric testing to ensure that the data collected will reflect only reactor

operation at the design conditions. Table 4 lists the tests that will be performed to characterize

air heater performance. In general, these tests will be performed at one, three, or six-month

intervals.

Data collected during parametric testing at the large reactor outlets at the design point will be

representative of air heater inlet conditions. Thus, only air heater outlet testing before each

parametric test begins will be needed to complete the air heater characterizations. Specific

metallurgical tests have been scheduled to study air heater basket corrosion rate. These will

include measurements of weight loss, metallographic examination, (sample removal, grinding,

polishing, mounting, scanning electron microscopy, x-ray diffraction analysis) deposit composition

(ash mineral and trace metal analysis), and morphology. It is expected that the air heaters will be

washed periodically (every three to six months). Specific tests to analyze the wash water are also

outlined in Table 4.
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Table 4. Air Heater Test Schedule

Measured Measurement Number of Measurement
Parameter Location Measurements Frequency

per Air Heater

NH3 (ppm) Ali Inlet 1 Quarterly

I NH3 (ppm) Ali Outlet 1 Quarterly
; SO3 (ppm) Reactor Inlet 1 Quarterly
I

SO3 (ppm) AH Irdet 1 Quarterly
i SO3 (ppm) AH Outlet 1 Quarterly

:j!, HC1(ppm) AH Inlet 1 Monthly
rt

._tI Ash Concentration Manifold * Semi-Annual

t_, Ash Composition Manifold * Monthly

!i!t Ash Particle Size Manifold * Semi-Annual
+! Ash Concentration Ali Inlet 1 Semi-Annual

Ash Composition AH Inlet 1 Monthly
1

Ash Particle Size AH Inlet 1 Semi-Annual

Ash Concentration AH Outlet 1 Quarterly
Ash Composition Ali Outlet 1 Quarterly

i

Flue Gas Flowrate AII Inlet 1 Monthly

AH Basket Analysis
Corrosion Rate Air Heater 1 Quarterly
Weight Loss Air Heater 1 Quarterly
MetaUographic Air Heater 1 Quarterly

Examination

Deposit Air Heater 1 Quarterly
Composition

Morphology Air Heater 1 Quarterly

Ali Wash Water Analysis
Total Suspended Solids Air Heater 1 Quarterly
Total Dissolved Solids Air Heater 1 Quarterly

pH, Chlorides Air Heater 1 Quarterly
Trace Metals Air Heater 1 Quarterly

*: These tests in ducting prior to split to the three large SCR reactors.
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