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EXECUTIVE SUMMARY

This quarterly report discusses the technical progress of an Innovative Clean Coal

Technology (ICCT) demonstrationof advanced wall-fired combustion techniques for the

reductionof nitrogen oxide (NOx) emissionsfromcoal-fired boilers. The project is being

conducted at Georgia Power Company's Plant HammondUnit 4 located near Rome,

.... Georsia. The p_ goal of this project is the characterizationof the low NOx

combustionequipmentthroughthe collectionand analysisof long-termemissionsdata. A

.. target of achieving fi/ty percentNOx reductionusing combustionmodificationshas been
_ establishedfor the project.

i: _ project provides a stepwise retrofit of an advanced overfire air (AOFA) system

i followed _ low NOx burners(LNB). Duringeach test phase of the project, diagnostic,

_, long,tin'm,and verificationtesting will be performed. These tests are used

:;,_ to q_ the NOx reductions of each technology and evaluate the effects of those

r_uctionS on other combustion parameterssuch as particulatecharacteristicsand boiler

_c_ency.

Baseline, AOFA, and LNB without AOFA test segmentshave been completed. Analysis

ofthe 94 days of LNB long-termdata collected show the full-loadNOx emissionlevels to

be approximtely 0.65 Ib/MBtu with flyash LOI values of approximately 8 percent.

Corr_g values for the AOFA configurationare0.94 lb/MBtuand approximatelyl0

percent. For comparison, the long-term, full-load, baseline NOx emission level was

approximately1.24 Ib/MBtuat 5.2 percentLOI. Comprehensivetesting of the LNB plus

AOFA configurationbegan in May 1993 andis scheduledto end duringAugust 1993. As

of June 30, the diagnostic, performance,chemicatlemissions tests segments for this

ca_nfigurationhave been conducted and 29 days of long-term, emissions data collected.

Preliminaryresults from the May-June 1993 tests of the LNB plus AOFA system show

that the full load NOx emissionsare approximately0.42 Ib/MBtuwith correspondingfly

ash LOI values near 8 percent. This is a substantialimprovementin both NOx emissions

and LOI valueswhen comparedto the resultsobtainedduringthe Febn_try-March 1992

abbreviatedtesting of this system.
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* 1. INTRODUCTION _ !

i* This documentdiscusses the technicalprogressof a U. S. Departmentof Energy (DOE)

!,. Innovative Clean Coal Technology (ICCT) Project demonstratingadvanced wall-fired

combustion techniques for the reduction of nitrogen oxide (NOx) emissions from coal-
fired boilers. The project is being conducted at Georgia Power Company's Plant

HammondUm't4 (500 MW) nearRome, Georgia.

_ The projectis being nmnagedby SouthernCompanyServices,Inc. (SCS) on behalfof the

i _ject co-funders:The SouthernCompany,the U. S. Departmentof Energy (DOE), and

the Electric Power Research Institute. In addition to SCS, The Southern Company

i includesfive electric operatingcompanies:AlabamaPower, Georgia Power, Gulf Power,

_ssippi Power, and Savannah Electric and Power. SCS provides engineering,

_ rmem_h,and financialservicesto The SouthernCompany.
r_

_ Clean Coal Technology Programis a jointly fundedeffort between governmentand

, industryto move the most promisingadvancedcoal-basedtechnologies from the research
_, and developmentstage to the commercialmarketplace. The Clean Coal effort sponsors

wojects which are different fi'om traditional research and development programs

i_-. _ sponsoredby the DOE. Traditionalprojectsfocus on long range, high risk, high payoff
" technologies with theDOE providingthe majorityof the funding. In contrast,the goal of

the Clean Coal Progrmnis to demonstratecommerciallyfeasible, advanced coal-based

_ teelumlogies which have alreadyreachedthe "proofof concept" stage. As a remit, the

Clean Coal Projectsare jointly fundedendeavorsbetween the governmentand the private

i sectorwhich areconducted as Coo_ Agreementsin whichthe industrialparticipant
contribum at least fifty percentof the total projectcost.

The primaryobjectiveof the Plant Hammonddemonstrationis to determinethe long-term

effects of commerciallyavailable wall-fired low NOx combustiontechnologies on NOx

emissions and boiler performance. Short-termtests of each technology are also being

performedto provideengineeringinformationaboutemissionsand performancetrends. A

targetof achievingfifty percentNOx reductionusing combustionmodificationshas been

establishedfor the project. Specifically,the objectivesof the projectsare:

1. Demonstrate in a logical stepwise fashion the short-term NOx reduction
capabilitiesofthe following advancedlow NOx combustiontechnologies:



a. Advancedoverfireair(AOFA)
b. Low NOx burners(LNB)
c. LNB withAOFA

2. Determine the dynamic, long-term emissions characteristics of each of these
combustionNOx reductionmethodsusingsophisticatedstatisticaltechniques.

3. Evaluatethe progressivecosteffectiveness(i.e.,dollarsper ton NOx removed) of
• the low NOx combustiontechniquestested.

4. Determine the effects on other combustion parameters (e.g., CO production,
carbon carryover, particulate characteristics) of applying the NOx reduction
methodslisted above.



2. PROJECT DESCRIPTION

2.1. Test Program Methodology

In orderto accomplishthe projectobjectives,a Statementof Work(SOW) was developed

which includedthe Work Breakdown Structure(WBS) found in Table 1. The WBS is

decigned around a chronological flow of the project. The chronology requires design,

construction,and operation activities in each of the first three phases following project
award.

, ,Work,Bre_down structure '
500 MW Demonstration of Advanced Wall-Fired combustion Techniques for the
Redu_on 0fNitrogen Oxide (NOx) EmissionsfromCoal-FiredBoilers

Tuk . Descfi_ption Date
0 1.0 Phase 0 Pre-AwardNegotiations

: 1 1.1 Phase 1 BaselineCharacterization 8/89 - 4/90
_ 1.1.1 ProjectManagementand Reporting 8/89 - 10/89
_ 1.1.2 Site Preparation 9/89 - 6/90

1.1.3 Flow Modeling 9/89 - 10/89
1.1.4 Instmmes_ttion 11/89 - 4/90

_" 1.1.5 BgselineTesting
_ 2 1.2 Phase2 AdvancedOverfireAirRetrofit 4/90 - 3/91

1,2.1 Project Mmmsementand Reporting 4/90 - 5/90
1.2.2 AOFADesign and Retrofit 5/90 - 3/91
1.2.3 AOFATesting

3 1,3 Phase3 Low NOx BurnerRetrofit1
1.3.I ProjectManagementandReporting 3/91 - 4/93
1.3.2 ] LN'BDesign andRetrofit 3/91 - 5/91
1.3.3 LNB Testingwith and withoutAOFA 5/91 - 9/93

_ 4 1.4 FinalReportingandDispositionI_
1.4.1 ProjectManagement andReporting 9/93 - 12/93

.... 1.4.2 Dispositionof Hardware 12/93
SDatesof these tasks reflectschangefrom originalproject schedule.
=Finalreportingand dispositionwill be renumberedto Task 5 upon final approval of the
digitalcontrolsextensionto thisproject.

The stepwise approachto evaluatingthe NOx control technologies requires that three

plantoutages be used to successively install (1) the test instrumentation,(2) the AOFA

system, and (3) the LNBs. These outages were scheduledto coincide with existing plant

maintenanceoutages in the fallof 1989, springof 1990, and springof 1991. The planned



retrofit progression has allowed for an evaluation of the AOFA system while operating

with the existing pre-retroflt burners. As shown in Figures I and 2, the AOFA air supply

is separately ducted from the existing forced draft secondary air system. Backpressure

dampers are provided on the secondary air ducts to allow for the introduction of greater

quantities of hisher pressure overfire air into the boiler. The burners are designed to be

plug-in replacements for the existing circular burners.

The data acquisition system (DAS) for the Hammond Unit 4 ICCT project is a custom

designed microcomputer based system used to collect, format, calculate, store, and

transmit data derived from power plant mechanical, thermal, and fluid processes. The

extensive process data selected for input to the DAS has in common a relationship with

either boiler performance or boiler exhaust gas properties. This system includes a

continuous emissions monitoring system (NOx, SO2, 02, THC, CO) with a multi-point

_ flue Sag sampling and conditioning system, an acoustic pyrometry and thermal mapping

system, fia-nace tube heat flux transducers, and boiler efficiency instrumentation. The

insmm_tation system is designed to provide data collection flexibility to meet the

schedule and needs of the various testing efforts throughout the demonstration program.

A sunmmry ofthe type of data collected is shown in Table 2.

Tab!e2. Plant Dat# points..
BoilerDrumPmsmm SuperheatOutletPressure
ColdRdmttPremme HotRelmt Pmmh-e
Bamnmri¢Pressure SuperheatSprayFlow
Rdmt SprayMow MainSteamFlow
F_ Mow CoalFlows

StrumTeml_ut_ ColdReheatTempemla_
HotReheatTempa_we F_ Temperature

OutletTemp. l__eater InletTemp.
F._onomizerOutletTemp. AirHeaterAirInletTemp.

AirHeaterAirOutletTemp. AmbientTemperature
BFPDisdmr_ Teml_'_an_ RelativeHumidity

StackNOx StackSO2
Stack02 StackOpa_ty

Generation OverfireAirFlows

Following each outage, a series of four groups of tests are planned. These are: (I)

diagnostic, (2) performance, (3) long-tem_ and (4) verification. The diagnostic,

performance, and verification tests consist of short-term data collection during carefully

established operating conditions. The diagnostic tests are designed to map the effects of



in boiler operationon NOx emissions. The performancetests evaluate a more

comwehemive set of boiler and combustion performanceindicators. The results from
tats will include particulatecharacteristics,boiler efficiency, and boiler outlet

emissions. Mill performanceand air flow distributionare also tested. The verification

• _ areperformedfollowingthe end of the long-termtesting period and serve to identify
/

anypotentialchanga inplantoperatingconditions. //
/

/
/

As stated previously,the primaryobjectiveof the demonstrationis,_collectlong-term,

stati_cally sianificant quantities of data under normal operating conditions with and
:

withtmt the various NOx reduction technologies. Earlierdemonstrations of emissions

control technologies havereliedsolelyon datafrom a matrixof carefullyestablishedshort-

tram (one to four hour)tests. However, boilers arenot typicallyoperated in this manner,
..... "...... I t " .....cotmomm8 p an eqmpmentmconststenctesandeconomic dispatchstrategies. Therefore,

statisticalanalysismethods for long-termdata are availablethat can be used to determine

the achievable emission_ limit or projected emission tonnage of an emissions cootrol

technoloay. These analysismethods have been developed over the past fifteen ye_r_ by

the Control Technology Committee of the Utility Air Regulatory Group (UARG).

Because the uncertaintyin the analysismethods is reducedwith mcreasingdata set size,

UARG recommendsthatacceptable30 day rollinsaveragescan be achieved with data sets

of at least 51 days with each day containingat least 18 validhourlyaverages.

•" 2.2. Unit Description

CJeorf_ Power Company'sPlantHammondUnit 4 (Figure 1) is a Foster WheelerEnergy

Corporation (FWEC) opposed wall-fired boiler, rated at 500 MW gross, with design

steam conditions of 2500 psig and 1000/1000°F superheat/reheat temperatures,

respectively. The unit was placed into commercial operation on December 14, 1970.

Prior to the LNB retrofit, six FWEC Planetary Roller and Table type mills provided

pulveriT._easternbituminouscoal (12,900 Btu/Ib,33% VM, 53% FC, 1.7% S, 1.4%N)

to 24 pre-NSPS, Intervaneburners. Duringthe LNB outage, the existing burnerswere

replacedwith FWEC ControlFlow/Split Flame burners. The unit was also retrofitwith

fourBabcock and W'dcoxMPS 75 millsduringthe courseof the demonstration(two each

duringthe spring1991 and spring1992 outages). The burnersare arrangedin a matrixof

12 burners(4W x 3H) on opposing walls with each mill supplyingcoal to 4 burnersper

elevation. As part of this demonstrationproject, the unit was retrofitwith an Advanced

OverfireAir System,to he descrihedlater. The unit is equippedwith a coldside ESP and



utilizes two regenerative secondary air preheaters and two regenerative primaryair

ir_ heaters. The unit was designed for pressurized furnace operation but was converted to
balanced draft operation in 1977.

-_
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" Figure 1. Plant Hammond Unit 4 Boiler

2,.3. Advanced Overflre Air (AOFA) System
i;

_y, combustion NO x reduction techniques attempt to stage the introduction of

oxygen into the finmce. This stagin8 reduces NO x production by creating a delay in fuel

and air mixin8 tim lowers combustiontemperatures.The stagins also reducesthe
quantity of oxysen available to the fuel-bound nitrogen. Typical overfire air (OFA)

. _ accomplish-thisstasin8 by diverting 10 to 20 percentof the total combustionair

_ to ports located above the primarycombustion zone. AOFA improves this concept by

introducing the OFA through separate ductwork with more control and accurate

nmmmnnent of the AOFA airflow, therebyprovidingthe capabilityof improved mixing

(Fisure 2).

Foster Wheeler Energy Corporation (FWEC) was competitively selected to design,

fabricate, and install the advanced overfire air system and the opposed-wall,low NO x

burners described below. The FWEC design diverts air from the secondary air ductwork

and incorporates four flow control dampers at the comers of the overfire air windbox and

four overfire air ports on both the front and rear furnaze walls. Due to budgetary and

r



physicalconstraints,FWEC designed an AOFA system more suitableto the project and

unit thanthat originallyproposed. Six airports per wag were proposed insteadof the as-

ked configurationof four perwall.
•- - . . - _
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"_ , 8ecendaryAirDuct

xdv.d OvrSm -

_ 2.4. Low NOz Burners

Low N'Ox burnersystenutattemptto stage the combustion without the need for the

additional ductwork and fimmce ports requiredby OFA and AOFA systems. These

co_-available burnersystems introducethe airand coal into the furnacein a well

_lled, reduced turbulencemanner. To achieve this, the burnermust regulate the
- initialfuel/airmixture,velocitiesandturbulenceto createa fuel-richcore,with sufficient

airto sustaincombustionat a severelysub-stoichiometricair/fuelratio. The burnermust

thencontroltherateat whichadditionalair, necessaryto completecombustion,is mixed

with the flame sofids and gases to maintaina deficiency of oxygen until the remaining

combustiblesfallbelow the peaklqOx producingtemperature(around2800°F). The final

excess sir can then be allowed to mix with the unburnedproducts so thatthe combustion

is completed at lower temperatures. Burnershave been developed for single wall and

opposed wall boilers.



_':: FWEC Controlled Flow/Split Flame (CFSF) burner (Figure 3), secondary

_ combustionairis dividedbetweeninnerand outerflow cylinders. A slidingsleeve damper

_, rqtulatesthe total secondaryairflow enteringthe burnerand is used to balancethe burner

_ _ flow distribution. An adjustableouter resister assemblydivides the burnerssecondary

/+ +i air into two concentric paths and also imparts some swirl to the air streams. The

. secondaryair which traverses the inner path, flows across an adjustable inner resister

_ • assembly that, by providinlla variablepressure drop, apportions the flow between the

•- _ _ outer flow paths. The innerregisteralso controls the degree of additional swirl

,_, _ to ,thecoal/air mixturein the nearthroat resion. The outer air flow enters the

_i:: __ aially, providin8the remainin8airnecessaryto complete combustion. An axially

if: • . _le_ sleeve tip provides a means for vm3_8 the primaryair velocity while

_ : • _8 a constant prnnm3"flow. The split flame nozzle segregates the coal/air
...... _ _ four concentratedstreams,each of which forms an individualflame when

ii_/_ . _ the flmmce. This sqFegation minimizesmixingbetween the coal and the primary

air, _stin8 inthestasedcombustionprocess.Theadjustmentstothesleevedampen,
_- , _ _ outer resisters, and tip position are made duringthe burner optimization

....,. _ and thereaihr remain fixed unless changes in plant operation or equipment
:___* _on _e furtheradj--.

Ill " I I . _

PerforatedPlateAir Hood
.i

i_. 81eevo

SplitFlare CoalNozzle
(VariableVelocity)

°t

:_.'..:...

Fi_ 3. LowNOxBum__',_U_tatl']m _o,d .......
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3. PROJECT STATUS

3.1. Phue 1 - Budine Characterization

3.1.1. BaselineTestin8Summm_

Phase 1 baseline testing ended in April 1990. Duringbaseline testin& 52 days of long-

termdatawere collected producinganaverageNOx emissionlevel of 1.12 lb/MBtu. NOx

_ssions g_ increasedwith load and rangedfrom 0.9 to 1.3 Ib/MBtu. The long-

tmn _ demonstratesa full load, meanNOx level of approximately1.24 Ib/MBtu.

3.2. Phase 2 - Advanced Overfire Air Retrofit and Characterization

_ 3.2.1. AOFA Retrofit

The AOFAsystem was installedduringa four week unit outage duringspring 1990. For

moreinfommfionon the outage and installationsee the Second Ch_arter1990 Technical

_n _port.a

3.2.2. AOFA TestingSunmmry

Following optimizefionby FWEC, AOFA tests at Plant Hammond(with the pre-NSPS

Intervaneburnersstill in operation)were completed in March 1991. During the AOFA

test phase, the unit was operatedaccordingto FWEC instructionsprovided in the design

_. Eighty-six (86) days of long-termdata were collected for which the average

NOx _on level was 0.92 Ib/MBtu and the full load, mean, NOx emission level was

0.94 ib/MBtu. As comparedto the baselinecharacteristic,NOx emissionswere not highly

dependenton load duringthe AOFAtest phase.

3.3. Phase 3A - Low NOx Burner Retrofit and Characterization

3.3.1. LN'BRetrofit

The LlqBswere installedduringa seven week unit outage duringspring1991. For more

information on the outage and installation see the Second Quarter 1991 Technical

Progress Report.2



3.3.2. LNB WithoutAOFA Summary

Following optinflzationby FWEC, char_erization of the low NOx burnersystembegan
in June 1991 and endedinJanuary1992. Diagnostic testing was performedfromJuly9 to

July 20, 1991 and i_uformancetesting beganJuly 16, 1991. Duringthe LNB test phase,

- the unit was operat_ accordingto FWEC instructionsprovided in the design manuals.

. This t_ indicated that the low NOx burners were not optimally configured and,

therefore, testing was postponed for four days to allow FWEC personnel to make

additionaladjustme_ to the new burnersand ancillary systems. Testing continued on
July 22 andwas completedJuly 28, 1991.

, -

• Long-term testing of the low NOx burnersbesan on August 7, 1991 and was completed

on _ 19, 1991. Ninety-fourdays of long-termdatawere collected for which the

averaseNOx emissionlevel was 0.53 Ib/MBtuandthe fullload, mean,NOx emission levelf •

_!._.... wu 0,65 _tu. As in the baseline long-term test period, NOx emissions generally

ii,_i_ iacammi with load; however, below approximately275 MW, the converse is true and

NOx emissions rapidlyincreasewith de_mNmingload. In contrast,NOx emissions during
the AOFA long-termtest phasewere not highlydependenton load.

3.4. Phase 3B - _ with AOFA Characterization

Foaowi_ kcompletionof the IJq'Btest phase duringJanuary1992, testing in the low NOx

burlierand advancedroverfu_ airconfigurationwas to beginwith completionscheduled for

late _ 1992. However, due to delays associated with increased stack particulate

_ons following the LNB installation,it was not possible to complete testing in the

LNB+AOFA confiffarafionpriorto the Spring 1992 outage duringwhich two new mills

were to be installed. To obtainoperating data priorto this outage, abbreviatedtesting

,i (desisnated 3W) in the LN'B+AOFAconfigurationwas performed duringFebruaryand
. March 1992. In order to maintainstack particulatecompliance, the unit ran at reduced

loads Oess than 450 MW) until Spring 1993. During this period, long-term data was

collected and the NOx vs. LOI tests were performed. Hammond Unit 4 was given

pmmi,ion to resumefull.load operationon March26, 1993.

3.4.1. Optimization

Following resumption of full load operation on March 26, 1993, FWEC personnel re-
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- opttngzed the unit for LNB+AOFA operatio:nfi'om March 30, 1993 through May 6, 1993.

_-: Burner settinss, with the exception of the burner tips, are similar to that used for the NOx

,: vs. LOI tea sesment (Table 3). The AOFA flow schedule is shown Figure 4. Since the

AOFA is not automatically controlled, the operatormustmanually maintain not only the

_: • total ovedke flow rate but also balance the flows to the four comers of the windbox. This

_- _ has proven difficult during long-term,normal unit dispatch. Operating instm_ions

_.: " for the-LNB+AOFA, as provided by FWEC, are found in Appendix A.

3" ' "' Burner Settinas ...."_:"• T_,!e . LNB+AOFA' _ - ' ,lilt t if lit i i Ill ,

, Burner Adjustment , , , Setting
_. _ Sleeve Damper 7" Outer burner columns

4" Inner burner columns
i , , n '

OuterRegister -6O%
/::: i _ Register , 15~20%

Burner Tip +2 Inches
It! t l II I I lllll l Ill

I

-, INI['I] , , , ,
/ :

_,:. . .

E 6 MillsinService

OFAFlow Y'_ inService
'

I I I I ,,, , ,I , o

100 200 300 400 500 600

Load(MW)

Fisure 4. AOFA Flow Schedule as Function of Load '

•. 3.4.2. DiagnosticTestin8

Subsequent to the March-May 1993 re-optimization, comprehensive testing using LNB

plus AOFA began, The Phase 3B diagnostic effort consisted of characterizing emissions

under normal operating conditions with the LNB's installed and the AOFA flow control

11



. dampersin the.nominal,recommended,position.Fifty-four(54) testswereperformedat
_ nondnal loads of 180, 300, 400 and 480 MW, a summaryof which can be found in

-, AppendixB. In orderto accommodateinterveningchemicalemissionsandperformance

testing,diagnostictestingwasconductedduringthefollowingtime frames:May 6-10,

r" JUne6-i 6, and June24-25. Each test condition(load, excess oxygen overfireair,and mill

o0mlisurafion)was heldsteadyfor a periodof from one to threehours dependingupon the
_ type oftut pmfommd. Duringthisperiod, datawere collected numuallyfrom the control

/. mmn, xutonmtedboileroperationaldatawere recordedon the DAS, and economizer exit
:,, • _ prekmm-exit species multemperatureswere recordedu"tdizin8the sampledistribution

__.__ _d and were recorded on the DAS. When sufficient time permitted, furnace

b_ ash 8r_ _tmplm were collected from the CEGRIT ash samplers and coal

.i!iiill._/ _les were collectedfl'omthe individualmills.

_!/_:L_'_ i ....
_J_r4 ,q" _ r ' Ftgtue 5 _ws graphicallythe NOx emissionsfor ell diagnostictests. These

"r _/ -_ " __ repreumedtherangeof normalcontig.rmionsthatwerebelievedto bethe

_, __ modesof operationth_ mightbe experiencedduringthe systemload

_i._ dispatchmodeof operxfionduringlong-termtestins. Thedatascatteris partiallydueto

the _ the difemnt operatingconditionsarerepresented.

• F'tllure6 _ the NOx vs. Excess 02 variation at full-load. Withthe exception of one

medier, the NOx shows x increasing, linear trend with excess 02 with a slope of

appm_ 0.05 ib/MBtu/PercemExcess 0 2. As can be inferredfrom this figure, full

load NOx emissions at the recommendedexcms 0 2 level of approximately3.7 percent is
near 0.43 Ib/MBtu. Co_ns were also made at the other loads tested with similar

(F'tBum7). Also for comparison,the full load, NOx vs. Excess 0 2 sensitivitiesfor
priorplmsmof the projectareshown inTable4.

12
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Figure6. _+AOFA Dia_OsficTestsHOx vs.Excess02 at480MW.

13



I [11 |IIH I I I

Table 4._ smsitivity of NOx Emissionsto Excess 02 Levels at Full
....

i i i i i i ii i

_. Test plum Ib/MBtup.4Excess Air
i ii i

AOFA 0.08
Mill_ i i ii i

LNB 0.05

L,'m/ Lol (4so 0.07
LNB+AOFA 0.05

m.,Itldty m_l mt_ _

On the final day of diasnostic testing (June 24, 1993 - Test Numbers 121-1, 2, 3, & 4),

highvolume fly ash samplingwas conductedin tandemwith isokinetic fly ash samplingto

compmt the two techniques. This testing was performedat 480 MW with normal 02

levels while varyingthe AOFA flow rate. Samplescollected were size fractionatedinto

+200 mesh (74 pat) and-200 mesh components and analyzed for loss-on-ignition and

carboncontent. The+200 meshand .200 meshresultswere thenmass averagedto obtain
overallLOI and carbonresults.
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82

80 Pme__mm mml II _ s.mp_
Ors_) atom. Q ,"jhV_.m.Sa_.O

• 78
121-1 121-2 121-3 121-4

TestNumber

Pusin8 Through200 Mesh Screenfor IsokineticandHigh Volume Sampling
Methods.

As shown in Figure 8, the hish volume munplin8method consistently over sampledthe

iaqgeparticle fi'actionof the fly ash. As a result of high volume samplingbein8 super-

isokinetic,it can be inferredthatthe largerfractionis the less dense of the two. The size
bias will affect the overall carbon and LOI estimate because the +/- 200 mesh size

_ons have significantlydifl_t carboncontentsandLOI values (Figure9). Figure 10

alustmtes the overall results obtainedby the two methods. As can be seen, the high

volmne samplin8 method leads to a consistent 1 to 2 percent over estimation of the

amount of cmbon in the fly ash. Also, for the isokinetic samplin8method, the carbon

pemmtase is always less than the LOI lmrcentase as expected. However for the high

volume samples, in some inmug_ the carbon percentage is greater than the LOI

percentage. This result, whichalso occurredin one prior isokineticallycollected fly ash

samples(AOFA PerfommnceTest / Test 45), is contraryto normalexpectationsand could

be the result of a numberof factorsincluding:

• Non-P,epresentativeSamples- The small sample sizes (~10 mg) used in the
Carbon/I-Iydrogen/Wttrogenanalysis tend to exacerbate problems with
obtainingrepresentativesamples of the collected fly ash. This is less of a
problem with the fly ash used in the LOI analysissince sample sizes on the
orderof I 8rmnarerequired.

15



• Tmpp_ Carbon - Some carbon may be bound to the fly ash such that it is not
combusted durin8 the processin8 of the fly ash samples at 800°C for the LOI

i i i i LII I

_ 10

/

!"_ 0

_: 121-1 121-2 121-3 121-4

TestNumber

_ Figure 9. LNB+AOFA Diagnostic Tests- Comparison of Carbon Content for +200
Mesh and -200 Mesh Components of Fly Ash.

i i i i i i i i i i i

14.0 [12.0 ,

10.0

8.0

0.0

4.0

2.0
121-1 121-2 121-3 121-4

Test Number

Figure I0. LNB+AOFA Diagnostic Tests- Comparison of Carbon and LOI in Fly Ash.

,_ 16
t



3.4.3. PerformanceTe.qins

Perfommncetestin8 was performedJune 17-23, 1993. A summaryof the performance

tests activities is shown in Table 5. To date, not all analysesof the samples have been

completed includin8ESP mass loading, coal ultimateanalysis, fly ash particle size and

rmisitivity, therefore the results reported within this report should be considered

Table5. LNB+AOFAPerformanceTests Activities.... I I I I II [ I [[ [

............ , !)elm::_, 17 Jkme 111Jmm 19Jtm ...... 20.hm 21-22 Jim 22.23 Jim
n i it u

........ TUNtRIW._.:_ 1i3 116 "'i17 118 119 120

'_ _....._#/sm_tma_ .",mouw ,,sonny' _'*mv ' 3oo_nv _nv ,,oo_,
___ . X 'X X ' ' X'

_- i i i ii.___._ x x
......... _,_,,_ , x, x x x x x
....... X,_d__,_.mow x x' x .....X " x' " x

f _, _ _ _ _ _ X X J ' X J J X

_ : t r _A_ , _ X X X J J X X X

-- _ , _J_JJb_j_# i i • ,,,, zX "' X ' '

x x
,,I,.... , x.... x x xx

..... cml._ , X x x x ........ x x
. __ ...... I" x ..... X x, x x x

Testing at each load point requiredtwo consecutivedays to complete samplingof all the

pmmeters in the samplingmatrix. At each nominalload, the coal firing ratewas kept as

constant as posm'bleand 8eneration allowed to swing slightly as affected by coal

. variations,boiler ash deposits, ambienttemperature,etc. Each performancetest day

covered a period of from ten to twelve hours duringwhich boiler operating data were

recorded,fuel and ash samplesacquired,gaseous and solid emissionsmeasurementsmade,

and fly ash resisitivity measured in-situ. For each performance tests, the desired

conditions were established and allowed to stabilize at least one hour prior to
co_t of testin8. To the extent possible, the active mills were balanced with

respect to the coal flow rates as displayed in the control room. When the desired

operating conditions were established, some controls were placed in manual mode to

minimizefluctuations in the units firing rate. Soot blowing was performed only when

particulate munplingwas suspended so as to include only particulate matter actually
generatedby the combustionduringthe time of testing.
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Table 6 su_s the results of each of the performancetests. As shown in this table

and srsphicelly in Figures 11 and 12, fldl load NOx emissions are appro_:imately0.43

Ib/MBtuwith correspondin8fly ash loss-on-ignition(I,OI) values of 8 percent. At low

loads (300 MW), NOx emissions and LOI are approximately0.32 Ib/MBtu and 5%

_ _ respectively. Also shown in these figures are the results from the February-

March 1992 testing. NOx emissionsfor the latest roundof testing are considerablybelow
the NOx levels foundin the earliertests. However, it is believedthat a substantialportion

of the incrmnentaichanse in NOx emissions between the LNB and LNB+AOFA

configurationsis the result of additionalburnertuning and other operationaladjustments

andis not the result ofimproved performanceof the AOFAsystem.

............. II I u

,_ Tabie61 LNB+AOFA Sunmmry of PerfomumceTesting
:_ Flow _ Out of Flow CO 02 NOx

• Trot No. Om MWe m/hr 8endoe kJl_r ppm Peromt Ibddmu
• lm,tA omTm _0 38_ NONE m0 31 3.S 0.4_

il_wtB OGrlTm 467 3447 NONE 784 29 4.0 0.441
t15-1C 06/t7m 462 3373 NONE 774 38 3.g 0.42/

.e.tA omm 4m Sal NONE 787 S4 3.0 0.42t
t16.tB 00/18/83 472 3437 NONE 806 300 3.8 0.412 "

117-tA' 08rlg/M 303 B 311 62 4.0 0.320

117-1B 08/'sWg3 2gg lggO B 297 40 4.1 0.320

110-tA _ 302 2035 B 321 37 4.3 0.317
118-1B 0W2Qm 288 1M1 B 308 41 4.3 0.315

11g,1A 08Ql/g3 400 2879 B 427 105 4.5 0.413

1t9-t, 08/22Jm 400 I 272S B 40g I 123 4.5 0.424

121_,1A _ 401 1 2705 B 421 l 67 4.5 0,415
120,,IB _ 401 _ a 424 111 4.6 0,419

] [ I I I
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Figure 12. LNB+AOFA Performance Tests - Ply Ash Loss-On-Ignition
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_ Pulverizertesting addressedthe following parameters:

1 • CoalFineness through50, 100 and 200 Mesh Screens
,!_ • Dirty airflow and distribution,as measuredin the fuel lines

• Fuel flow and distributionobservedby isokineticsample
• Air to FuelRatios
• Primaryairas measuredat the pulverizerinlet

_. • Temperatureand staticpressureof fuel airmixturein the fuel lines

Coal maples extracted for coal fineness, fuel flow, and fuel distributionwere collected

_ _ the Flame Refiactories, Inc. (FRI) Air to Fuel Ratio Sampler. FRI personnel

_i- performed coal sieve analyses utilizing Plant Hammond's laboratory facilities and

_ equipment. The FRI Dirty Air Probe facilitated measurement of fuel line air flow.

i_-/ Measurementof primaryairflow at the pulverizerinletwas facilitatedbyuse of a standard
Pitot tube.

i!

_, The Babcox and W'dcox(B&W) MPS pulverizers(A, C, E and F pulverizers)produced

_ _ _s rangingfrom 74 to 80 percentpassing200 meshand less than 0.75 percent

/_ retaining on 50 mesh. The ori_mlly installedFoster WheelerMB pulverizers(13and D

_ _) producedfmenesslevds rant_8 from 63 to 67 percentpassing 200 Mesh and

2 to 3 percentremalmn"8 on 50 Mesh. The averagecod fineness for the perfommncetests
are mmunarizedin Table 7.

,, •

i_i Table7, AverageCoalFineness
Item.on_ passing100 Passing200
000 tun) (lso tun) 04 tun)

Test 115 0.79 94.69 73.50
Test rl16 0.98 94.69 74.19

' _ 75 99Test 117 0.43 96.38 .
' i i i i ii

Tm tl9 o.t 95.3s 74.04

_ Fumaco Eiish Velocity Thermocouple (HVT) traverses were completed on the 7th

(Elevation 724_)and 8th (Elevation694_ floors. A total of (8) ports on the 8th floor and

(2) ports on the 7thfloor were traversed. Figure 13 illustratesthe location of test ports to

boiler components.
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+ Averagefurnac_gas temperatureon the 8th floor rangedbetween 1887°F and 1907°1=at
: full+I_ (Table8). The averaseoxygenlevel was 2.8 percentbut was verystratifiedfrom

portto port. Largeflu_mttions in temperatureand oxygen level were observed acrossthe

_ fimmze. Oxygen levels fi'omport to port fluctuatedfrom 0 percent (reducing) to 5.6

pmeent.
i

r_le8., AverageHVT Teml_raturesandOxygen,
_" _OXTestNumber:_] its I 116 [ 117 [ 118 [ 1!9 I 120

1.2
I o.s I 2.e I 1.212.o 13., Io.4

hhFk.'/,Oxgen ! 2.8 I 2.8 I 2.4 I 3.3 I, 3.3
;thFlr.,TeutlmatWe_ 12287 1216J i2232 12095 I ,_222 I :_302
|thl_r.Tmapemtmefq _) I 18871 1907 I 16501 1616 i |827 I _853

Tot_ unit airflow, as defined in this report, is the sum of seconda_ air (combustion air

flow to burners including under fire air), overfire air and total pulverizer primaryair.

Total dirty air flow is consideredtotal pulverizerprimaryair. Dirty air includes seal air

introducmlto the pulverizerand feedersthatwould not be observedby measuringprimary

airat the inletof the pulverizer. Duringlow andintermediateloadtests, off-linepulverizer

airflow measuredat the inlet of the pulverizerwas includedwhen tabulatingtotal unit air
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?

flow. The test methodologies for detennimn"8 these flows are described in this project's
Pbme IBasellneTestsReport.3

The avetaseofmultipletestrunsofsecondaryairandoverfweairflowswereusedto

_ _ total unit_ flow. Total unit air flow, at full load, was 6 to 10 percenthigherthan
observed during previous tests. Figure 14 summarizes total unit air flow for the

? LNB+AOFAperfommncetests and comparesthe flows to previoustests.

: ] 1 i i ill i1[ i

um tiI.4 4,1_,m .7.sl_t -
.....

" _ III (18-1 3,987,804 ' +t.82%
.... (18.1 3,933,419 *1.19_

10-t 4,1_,i_4 _.34_
71..2 3,880,086 eO.Im%

!/i; _ ii 37-t 3,447,9/2 -11.30%
' N-i 3,664,205 -6.22%
_: 43-1 3,848,933 ,O.Oeqllt
:_" 46.1 3,1NlS_S1 +2.e0q5
" 4_.1 3.M0,147 ,O.M%

' '_'_2-1 ...._ . _ I 3,i,mO 44).04%

t7-1 3,(106_1,N I .7.2e,x,
,;, ......I.IJ.,.!,I_|.... I ....._ LI ............. If I I• '_'_'"i__ .......__""_ "_i___'_'__ _ J!_'*i....i_I_"Iii__IH

,: TutIIUn_NrFkMe

L 4_00_00

$.1_0;iI- .....

s,luo,emI

TeItNo.

= TeiIlU_IAirFlow Awrqu ofAllFullbid TmlI

Figure 14. TotalUnit AirFlows at Full_ad

Duringfull load tb-_m(480 MW), total unitair flow (Figure 15) was distributedas follows:

approximately21 percmg (894 klb/hr) was primm3rair, 58 percent (2464 klb/hr) was

secondaryairto burnersand 21 percent(864 klb/hr)was overfireair. During intermediate

load tests (400 MW), total unit air flow was distributedas follows: approximately22

• 22



percentwas primaryair flow, 64 percentvnts secondaryair to humeri, 13 percent was
overflreair and 2 percentwas air flow to 'B" pulverizerthat was off-line. During low

load tests (300 MW), total unit air flow was distn'butedas follows: approximately27

percentwas primaryair,60 percentwas secondaryairto burners,11 percentwas overflre

airand 2 percentwas airflow to "13"pulverizerthatwas off-line.

i i ] i q i_1 TII I I

DIMribution of Unit Air Flow

loo%1

5

w8 _. _!_i_,_':_'_,: ii

480 Mw 400 Mw 300 Mw

I PulverizerNr [] 8econclsryAir I OverfireAir i Air toOff-line
Mills

. Figure 15. Distributionof Unit AirFlow

3.4.4. Long-TermTa_'r_8

" Long.tmn testing of the LHB+AOFA isinprogras and isscheduled to continue until

* August 1993. AppendixC contains it sununaryof the NOx emissionsand load fromMay

_ to June 1993. As of June30, 1993, twenty-nine(29) days of valid long-termhave been

_ collected. Full load, long.termNOx emissionsare approximately0.42 Ib/MBtuwhich is

' consistentwith thatfound duringthe perfommncetesting(Figure 16). However,at 300

MW, long-termlqOx emissionsare near 0.37 Ib/ tu, nearly0.05 Ib/MBtuhigherthan

the short-termemissions at the same load with approximatelythe same excess air and

AOFA flow rate. The cause of this disparityis unknown. Despite this difference, the

short,termdata ties withinthe 90th percentilerange of the long-termdata. The spreadof

the ]qOx emissions data is similarto that seen duringthe Phase 3A LN-Btest phase and

substantiallysmallerthanthe baselineand AOFAphases,especiallyat high loads. As with
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the nhort-tenndata, there is substantialdifference between the current long-term NOx

missions and that previouslyreportedfor the abbreviatedLNB+AOFA tests. However,

it is believed that a substantialportionof the improvementin NOx emissions is the result
- of additional burnertuning and other operationaladjustments_mdis not the result of

_.... improved performanceof the AOFA system. Approximately60 days of long-term data

will be collected in this conflsuration, therefore the final results may change substantially
when the complete dataset is analyzed.

ill ill i i ff

l.fl

1.4 ..... Nora:
1. Ptmm3B LNB+AOFA

12 :Lpl_ kme-bn,dm_

:" t 01.8 Phme3B'Long-TermMmn

'_: 0.4

.L 0.2 Pmmmo
Mien Per_nen_ Teet

100 2OO 3OO 40o S0{) e00

Load,MW

, Figure 16. I24B+AOJ_ALong-TermNOx EmissionsThroughJune30, 1993. '
_L-

In mntmt to thelong-termNOx emissions,the90 percentileband_dth of LNB+AOFA

stack 0 2 levels (Figure 17) is similarto the baselineand AOFA test phases and exceeds

• that of the LNB phase. This increasein dam spreadmy be an artifactof the reduced data

set fl'omwhich the calculationsare performed. Also, the "dips"in the stack 02 curves at

300 MW and 400 MW, especially for the 5th percentilecurve, are likely due to mill

tmMifion points and the AOFA operatinginstructionscalling for step changes in AOFA

flow rateat these load points. At this time, it is not known why these 02 variationsdid
not resultin mmilarvariationsin NOx emissions.
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:_ Figm'e1% LNB+AOFA Long-Term Stack 02 Levels Through June 30, 1993.

+ 3,4.5. Verification Tesfin8
:

" Veflflcattion testing in the LNB+AOFA configuration is scheduled for August 1993.

_ _ T_ 9 _r the _ tat nmtfix for this testing.

':_'_ i _ I I I ii [ [ i [i I I I, IIII II el

Table 9. TestMmtrX for LNB+AOFA Verificati0nT_g (Pr"elnnina_)
,- _. ,. ij _ i r l ]1 • [ •MW ,M_,sm Semce OFA Excess02• i ,, , ,,,,, ,, l n i i

" 300 A,C,D,E,F NOMINAL NOMINAL
• " . HIGH
L LOW

NOMINAT..
• • " .... , A,C,E,F, NOMINAL NOMINAL

" 400 i A,C,D,E,F NOMINAL NOMINAL
HIGH
LOW

' NO m AL" i i

4so ALL NOMIN_ NOMINAL
HIGH
LOW

NOMINAL
HIGH NOMINAL

LOW NOMLNAL
i i.I ] [ i

5_ ALL NOMINAL NOMINAL
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, 3.4.6. Clmgcsl Emissions

_ Chemicalemissionstesting was conductedin the LNB+AOFA configurationthis quarter.
_ The purposeof this characterizationwas to compareemissionsof potentiallyhazardousair

poHutmts(HAPs) duringoperationwith low NOx burnerswith emissionsmeasuredprior

to the low NOx burnerretrofit. The baselinetest was runin March 1990. Categories of

,_. HAPs tempi included inorgtmic metals and anions, volatile organic compounds,

_ Itemivol_e organiccompounds,and aldehydes. Speciationof mercuryof chromiumwas
aimperfm_ mthestack.

_ Smplu were mllected for m'emn dmmet,_rization,process stream flow rates were

i_ .mmau_ andproemsopemtinsdamwereBarberedwiththefollowing objectives:

• Toquantityemissionsoftargetsub_ _omthestack,

• To determine the efficiencyof the ESPs for removing the target substances,
_ and

• To determine the environmentalfate of the target substances in the various
_ phmtdischars__emm.

._ The target substancesare a subset of those identifiedin Title HI of the Clean Air Act

Ameadmmn of 1990. The processmmplin8 matrixfor this testing is shown in Table 10.

Testing at the ESP inlet was conducted May 11-12, 1993, prior to the start of the

_ ¢lmmicslemissions testing. The purpose of this testing was to determinethe flow profile

and particulate loading at this location, to compare EPA Method 5 and 17 sampling

techniques, and identi_ posm'blesampling problems. Chemical emissions testing was

preformedby Radish personnelfrom May 18-21, 1993. Results from this testing will be

reportedin a topical reportscheduledfor draftreleaseduringthe forthquarterof 1993.
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3.5.1. NOxReductions

FigureIS comparestimbaseline,AOFA,LNB, andLNB+AOFA0Vlay-Itme1993 only)
ions-termNOxaniuions dataforHammondUnit4. Baselinetestingwasperformedin an
"as fomxl"condiu'onandthe unitwas not tunedforNOx emissionsfor this test phase.
Forthe AOFA,LNB, andLNB+AOFAtestpimses,followingoptimizationof the unitby
FWECpersonnel,the unitwas operatedaccordingto FWECinstructionsprovidedin the

dem'snmammls. As shown,the AOFAandLNBs providea Ions-term,full load, NOx
reductionof 24 and 48 percent,respectively.For the LNBs, the NOx reductionwas

consistentover the load range, ,__ approximately50 percent;however, the
effectivenessof the AOFAsystemdecreasedwith decreasin8load. For the baseline,

AOFA,andLNB plmses,theNOxvs. loadcharacteristicis basedon normaloperationof
the unitin excess of $1 days. Long-termNOx emissionsreductionin the LNB+AOFA
cmdigumtionwt_bthepm_a/dam set is approximately65 percentat fullload. Sincedata

collection in this conlisurationis continuing,the LNB+AOFAresults may chanse

substantiallywhenthe completedataset isanalyzed.
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F LOad,MW
..........

in ii [ r i 11 i i i

r HSme18.Lo_Tmn NOxF,m_ons

_" TheNOx emissions tv_ed over the tmeline, AOF/_ andLNB test plmes areshownin

Table 11. Since NOx emissions rare_ dependent on unit IoeuJ,the NOx vnlues

drown in this table are infltmtcedbythe load dispatchof the unit durin8the corresponding

test fl_e. _ J_m the LNB+AOFA test phase will be determinedst the end of it's

lob.tern datacollegdonperiod.
,nn L,,,J , t J , ii ,

.... U d_ ......

_di_, _i_ _q_iiBq_'_ k(I 011 VJOi_i_ ...... S I " _ l " ' _4 "

&wrap Load (k_ 407 9.4 3U 17.9 305 17.7

a_m_p NOxl_mlmm (ib/MBi) 1.13 9.S 0.92 11.6 O.S3 13.'/

AvampO2 Lm_ _ 8 IMlk) $.8 11.7 7J IZ6 8.4 %7

NOz30Dsy_ lbdmlamIJmlt(Ib'MINu) I._ - 1.03 - 0.64 -
NOxdmmdkddevnbieEadmkeLknitObMBIu) 1.13 - 0.93 - 0.55 -

,,, , ,,,, ,,, , , ,,

3.5.2. LOI Perfonnm_

The fly ash Ioss-on-isnition(LOI) values increasedsignificantlyfor the AOFA and LNB

test phases and similarincreaseshave been experiencedin the abbreviatedLNB+AOFA

testing 0Fisure 19). These LOI increases were evident over the load range. The LOI
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Load,
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CooI_

_ ......Ted.mlo_ Permn Pememi, i i i iii r

]Didimm 63 2.8
AOPA 67 2.6

_ LNIB 67 1.4
_ _ LNB+AOFA. . 74 0.6

' I

mem_mneats were made duringeach performancetest using EPA's Method 17 at the

secondary air heater outlet.4 As shownin Table 12, millperfommncewas senm_y better

in the AOFA, LNB, and LNB+AOFAtest phasesthan durin8baseline. The improvement

in coal flnmmsswas likely responsibleForthe reductionin fly ash LOI levels duringthe
May-Ausust 1993 LNB+AOFAtest phase. Althoughit is commonlyrecognized that fuel

flsmmss can lave a pronmmcedaftbcton fly ash LOI, results f_romPlant Smith, Plant

Outon, madother sources indicatethe directimpactof fad fmams on NOx emissionsis

saudl.S,6,7 As provioualyreported,the post LNB retrofit incrcue in fly ash LOI along

with increases in combustionidrrequ_ and fly ash loading to the precipitator,has
l,-..danadverseimpamontheunit'sstackparticulateemissions.
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3.5.3. Excess02 Levels

Lons-tmm, w,onomiz_ outlet 0 2 levels for the AOFA, LNB, and LNB+AOFAtest
plmmmwere _ hi_ thanthe co_nding baselinevalues(Figure20). This

in 02 level for theu conflllumtionsis mostly attributableto an in_reasein
comlmmtionsir mquirQmmtsfor the low NOx combustionconfigurations,however,

ura_ted to thermof_ suchas leakagein the ftunaceback-pass,canalso affect

• tlmselevels. Theimpactof thisleakaseandvarying02 levelson emimonsandunit
pm_mmn_willbe _Sated anddisom_ in futurereports.The"cusp"of the
LNB+AOFAmu_eat 300MW and400 MW seenin stack02 levels (Figure17) is also
evidentinFigure20.

• [ II LI[ fILL I I ........... __ --- __ llllJ _ I II IIII

12

;3,1L AdvancedLow N(h Dtlital Contmlln

The objectiveof thisproposedadditionto the ICCTprojectat PlantHnmmondUnit 4 is
to evaluate and demonstrate the effecflvmmuof advanceddigitalcontrolmethodsas

appliedto NOx abatementteclmololliesin coal-firedpowerplants. The advancedlow
NOx controlsystemprojectwill providedocumentedeffectivenessof'advanceddigital
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controls on NOx emimonsand[guidelinesfor retroflttin8 boiler combustion controls for

NOg emijon reduction. The work breakdownstructurefor this proposed extension is
shown inTable 13.

The followin6 arethe majoractivitiesdurin8 the secondquarter1993'

• Vmittau/onof input/output(1/O)list,
• Allocationofl/O to controllersandI/O cards,
• Foabom dilptalcontrolsystempowered up and systemdefined,
• Dev_pmentofd_ w_ ditsmm.,
• Developmentof/hnctional controldiaB_msand ladderlogic,
• Cabletray and conduit_ desiSn,
• Operatorconsole/benchboarddesiB_
• Startofdisitsl controlsystemcontigurmJon.

: BreakdownStructure

_4,_|_ r ' 1/94 - 4/9S

_4,2 ....__U_u ......
Lm _ , L_i/4,2.1L _Dmilln SOS ....

4.2,2_' _ _- SOS_q_M

4..2.4 _

l l ,m i , , , ,

......4,3. 4 , _ Tatinl[
4.3.5 On-S/Is T_ _ ..... , ,,
4,3.6 _ Aualy_ I It t

r_ 4,3.7 Other Testing
l ,nil,i

1/94 - 4/95

• 4.4.1,, , __and_Cu_omizsfion
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4. FUTUREPLANS

ThefoHowin8tableis a quartmtyoutlineof the activitiesscheduledfor the remainderof
the pmjeetnot tnc/u_r_gthe task asso_atedwith the proposedAdvancedLow NOx
DisitalControlSystemscope:

lilln i .... "" " I 1 l I ] III _ llnll I --

T_ n4.Fu.,_,nmm.............. __ ,....
__ @.tartar A_vity . ,ThirdQuarter1993 ' • CompleteLNB+AOFALongTermTest

• Verilic_ttionTestsof theLNB+AOFA
• StartFinalReportin8

............ • StartDispo_tion ....
FOrthQumr_i993 • CompleteFinalReporting

• CompleteDisposition
PmiectCompletion

[_Jl[ lull ' I • [ J I III IIIII "-- ._.. " ..... I FN I I

1. DemnmrdteetpepoeeddisiUdcmUdsymmtothepmjec_TablewUlbeupdmdwheuflnal
smmwalof,mlmsddlmmisobudmd.
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S. CONCLUSIONS

In conclusion,the resultsto dateat PlantHammondindicate:

• NOx emissionshave been reducedto near 50 percentof baseline values by using

low ]qOxburnersdone. These reductionswere sustainableover the long-termtest

period and were consistent over the entire load range. The full load short-term

NOx reductionsin this configurationwere approximately55 percent. Furnace

slauin8 ha, been signifiumtlyreduc_l, leadingto a reduction in soot-

blowin8 fl'equency. Unit operationwas approximatelythe same or slightlybetter
_ than thatexperiencedduringbaselinetesting.

p.

_ • Prelimin_ results show that AOFA used in conjunctionwith the LNBs provide

,_ only incrementalNOx reductionbenefits averased less than 15 percent over the
_ r load mnse. When comparedto baseline, the full load long-termand short-term

i NOx reductions in this configuration were approximately 65 percent and 69_ respectively. The long-term, full load NOx reductionusing AOFA alone

was approximately24 _. Operationof the unit was characterizedby plant
i operatorsas beingmoredifficultwhen usingthe AOFAsystem.

• In the AOFA, LIqB, and LNB+AOFA configurations, the unit experienced

significantperformanceimpacts including increases in excess airand carbonin fly

• The t24Bs aresusceptibleto tip crackingand melting. These problemswill impact

reliabilityand may affect performanceas it relates to NOx production and LOI.
The cause of these failures is at this time undetermined. Future work should

address these challenses and the controls necessaryto maintainperformanceand

reliability.

• Auxiliary systems can be adversely impacted by the installation of these

combustion teclmolosies. Precipitator mass loading and gas flow rates have

increased. Excess air requirementsand, therefore, fan power requirementshave
also increased.
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ADVANCED OVERFIRE AIR SYSTEM
._ OPERATING INSTRUCTIONS l

_i_- 1 PROCEDURE PRIOR TO STARTING FD, PA AND ID FANS

_ I.I Cheeks to be Performed

!,)_ L Che_kthatalloverflreairpressurecontroldampersCD-F1,CD-F2, CD-

_i__ _ RI andCD-R2areinthe0%openposition.
_F

if?'
_ b. _ theoverfl_ isolation(.guillotine)chunpersandconfirmthattheopen-
_ lightsm illuminated

X2:,.:

': _ " " " r: _2 STAIRT'UP (AFrER REACmNG STABLE OPERATION AT 300

_'r J " -- : ' " " _AWATTS OR ABOVE)

_::, : 2.1 Overlke Air Prmmre Control Damper Initial Settings

ilil;_ a. Slowly open airpressurecontroldampen CD-FI, CD-F2, CD-RI andCD-

ii}:i(i' P,2 as indicatedbelow:

(1) Openallfourdanpm, oneatatime,anadditional15%.

_;)!, (2) Wait five minutes. Openall fourdampers,oneat a time another15%.

_-- (3) Repeatasainuntilallfourdmnpenareatthe50%openposition.

• $ NORMAL LOAD CONTROL OPEI_TION

&l Damperandl_e_ O_j,g_ _mnp

a. Thefollowingprocedureisconm'vativeinthatNOxemissionlevelswillbe
reduced withrelativelylittleor no CO levels beingexperienced.

I

tSmm_e:FWBCOPERATING INS'II_UCTIONS,April 1992.
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b. However, ifhigh CO levels areencountered(above 200 PPM) the Overfire

Air (OFA) ControlDampersshouldbe biasedclosed untilproperCO levels
are_.

: ©. The overflreair pressurecontrol dampersand boilerexcess oxygen should

• be set as indicatedbelow for the followingmegawattranges:

NOTE

!_ _ The OFA Control Dampers should not be adjusted to

_ control 02 levels. If a significant discrepancy exists_* -

:_: between left and right side 02 levels, the OFA System
i _mld be takenout of re'vice to mcertainthe cause.

0) 475to500MWO
ii . Maintaintotal OFA flow no greaterthan 750-800 KLH.
_ CD-FI 200 KItH CD-RI 200 KLBH

_ CD-F2 185KItH CD-R2 185 KLBH

• 02 level is to be _ at no less then3.8%.

_._ (2) 430- 475 MWG (6 b,fdlOperation)

i- . Maintaintotal OFA flow no great& than600 KLBH.
CD-FI 155 KLBH CD-RI 155 KLBH

CleF2 145 KLBH CD.R2 145 KItH

• 02 Izvelis to bemaintainedatnoless than 3.8%.

O) 39o-43oMWO(6]rs on)
• Maintain total OFA flow no great_ than400 KLBH.

CD-FI 105 KItH CD-RI 105 KLBH

CD-F2 95 KItH CD-R2 95 KLBH

• 02 level is to be maintainedat no less than 3.8%.

(4) 390- 430MWO (5 Mill Opm'ation)
• Maintaintotal OFA flow no greaterthan 300 KLBH.

CD-FI 80 KLBH CD-RI 80 KLBH

CD-F2 70 KItH CD-R2 70 KLBH
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_ . 02 level is to be maintainedat no less than3.8%.

. On theupperburnersthatareout of service, the sleeve

dampersareto be set at light off. On anyintermediate
or lowerburnersthatmaybe out of service, set the sleeve

damperto dm_l position.

NOTE

_ Ifthe Out of ServiceBurnerTiptemperatureexceed 1200F,

_ all sleeve damperson the associated burnerdeck are to be

/- pbced inthe light off position.

_ r (5) 300"39OMWG
_, . Maintaintotal OFA no greaterthan300 KItH

CD-FI 80 KI3H CD-RI 80 KLBH

_ CD-F2 70 KLBH CD-42 70 KLBH

. 02 level is to be _ at levels dictatedby current
02 vs. load curves.

• Out-of-serviceupperburnersleeve dampersshouldbe set

_ at fightoff. Out-of-_rvice intermediateor lowerburner

: sleeve dampersareto be set dined.

NOTE
-.

_- Iftheout-of.m_,i(_ burnertip temperaturesexceed 1200F,

all sleeve damperson the associatedbunterdeck are to be

placedin the light off position.

6. 200- 300 MWO

. The OFA controldampersshouldbe set at the dosed

pmition.

• 02 level is to be maintainedat levels dictatedby current
02 vs. load curves.

• Out-of-_rvi_ upperbnaer sleeve dampen shouldbe set

at fightoff'. Out.of,serviceintermediateor lower burner

deevedampersareto be set dined.
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/

NOTE

i,__ If the Out-of.service burnertip temperaturesexcam/120OF,
_ allburnersleeve damperson the same burnerdeck areto be

_ pk_ in the ltsht-offpmition.
C

J!;_. 3.2 Plaein80FA System in Service, Load Upntmps and Load Downramps

t In_ theOFA dsmperopeningwillresultina slight increase

in 02. Theoppositewill occurwhendecreuingdamperopening.

_ This is psrfisllyexplainedby systemresistancepressurechanges.It
_ is _re impemive, thatcharismbe madein a timed/balanced

!i_ mlumerin anefl_ortto _ operationalupsets.
_:' b. OFA dampersm to be opened to recommended settinp following
_:_ completionof sinupramp.

©. OFA dampersm to be preset to projected load settings prior to a

dowmmnp.

d. These dampersLreto be brought into position systematicallywhile

watching 02 and CO levels.

4 snuruOWN

4.1 Closin8 Overf_ Air ]PressureControl Dampers

a. Slowly close the ovetflm airflowcontroldampersCD-FI, CD-F2,
CD-RI and CD-R2 as indicatedbelow:

(I) Close all four dampers,one at a time, down to 50% open.

(2) Wait five minutesand close all dampers,one at a time, an
additional15%.

(3) Continueto reducedamperopeningas instep (2) above,

untilthe 10%openpositionis reached. Thenclose an

A.4



additional10%afterwaitingfive minutesto obtaina 0%

_ open position.

/

-*- CAUTION

TI_ CIL)SI_ POSITION OF THE OVERFII_ AIR

(GUILLOTINE) DAMPERS IS CONSIDERED TO BE
AT THE SIX INCH OPEN POSITION. THESE
DAMPERS MUST NEVER BE CLOSED WITH THE

i UNrF RUNNING.

5

._
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APPENDIX C

Long-Term NO x Emissions sad Losd - Msy - June, 1993



i, | , i iii

_ :SBCC)LOtGIERM DATAFOR THE WEEK OF00.15 MAY lllN

1t00 .... _ , 0.0

C-1



1100 O.e

t-
900 - _, 7 °S

_J 0.45

800 _ 0.4

O.25

_ -- 0.2
-- 0.t5

-- 0.t

_.,._.,) _ oo_
100 I II 0

0_t_ 06417/g3 05/18/93 0_41Im3 _ 0_#21_ 0V22Jg3
DATE

l__l

C-2
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