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1.0 SUMMARY

@
This test plan describes the test activities to be conducted in the FundamentalStudies phase

of the program entitled "Development of Advanced NOx ControlConcepts for Coal-Fired Utility

Boilers" currently being performed by Energyand EnvironmentalResearch_ration (EER)for
the Department of Energy. The overad objective of this project is to demonstrate the effectivenesse
of advanced NOx control concepts for removingNOz from coal-fir_ flue gas at a large enough

scale and over a sufficiently _ rangeof conditions to provideali the information needed to

conduct a full-scale demonstration in a coal-fired utility boils. Technology objectives are to

@ achieve 70% reduction in NOx emissions at 20% of the cost of selective catalytic reduction (SCR),

without significant adverse impacts on boiler efficiency, old'rational oomplcxity, or environn_ntal

impacts. A secondary goal is to reduce NOxemissions to 60 ppm at half of the cost of SCR for

ozone non-attainment areas.

e

CombiNOx involves the use of hybridNO_ control technologies which act synergistically

when applied together. "lhcinitial approachinvolves the use of advmg'edre--g, itself a hy_'id

technology combining reburning with selective ao,-catalytic reduction (SNCR), in combimtion

• with methanol injection at lower temperatures. The methanol conv_a NO to NO2 which is

subsequently removed in a conventional 502 scrubber. This technology has been dubbed

CombiNO_. The programis being conductedin five m,_r,s:

®
• Task1 - ProgramDefinition

• Task 2 - Design and C,onsuuct Test Unit

• Task 3 - ExImin_ ProgramandData Reduction

@ • Task 4 - _ Design and Economics
• Task 5 - Test Unit Restoration

Task 3 - Exlm'imcatal Program and Data Reduction is divided into two primary su_:

@ Fuadm_ntal Studies and Process Testing. Both Fundamental and _ Studies will be

,pe_oraw._tocharacterize all feana_ of the CxanbiNO_proce_ The Ig_ of the F_tal
al

Tests are to _ttcr undmta_ the controlling p_ of the _ pmc¢_ and m pnenm

- acktabaseconsistingofNO reductionachievedasafunctimofvarkagsoi_ratio.al_tets.

"@ In the process design phase of the program,sub(xmu'_ Re,_em_h_ will pe_onn pilot

_@ I-I
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scale scrubbing tests, and f'ma.Lly,an integrationof ali of the CombiNOx processes(including the
scrubbing step) wiUbe demonstrated at EER's 10 MMBtu_ tower furnaceat the Test Site in

@
CaLifornia. Historically, the tower furnace has simulated behavior in full scale boilers, so this
phase v_iLIaddress scale-up phenomena such as surface to volume ratio.

This test plan _resents the approach forthe Fur.dan'gntalStudiessubtask. Lab-scale

Q studies will be performedto characterize the methanol injection and NO2 scrubbingsteps. The ftr,st

vries of experiments will focus on theNO.2scrubbing step, to determine how well various

scrubbing solutions remove NO2 in the presence of SO,z. The second series of tests will focus ect

the conversion of NO to NO_.S

In paraflelto the lab-scale tests, pilot-scale tests will also be perfom_ to investigatethe
CombiNOx process. The pilot-scale experimentswill be performedin the Boiler Simulation

41) Furnace (BSF) whichhasa nominal f'u-ingrate of lxlOS Btu/hr. Pgmtio_tsresea_h has suggested

that injection of a SNCR agent into a region whereinCO is oxidizing improves the perfmmance of

the agent. At the BSF, initial tests will be perfom_ to understand the roleof contactingbetween

the SNCR agent and oxidizing CO. The alternatives to be ca:msicleredare: 1)utilizing re_g to

@ generate a CO rich region and injecting the agent into the reaming zone with an oxidant and, 2)

premixing the agent with CO and injecting the mixtta¢ into a fuel lean region of the fumac.e.

Second, a parametricsn,dr win be performed to understandthe impact of coring paran_m,s

on advanced gas and advanced coal rebuming perfcmuance. Next, the methanolinjection _tepwill

• be characterized. The results of the lal>.scale tests will b_ available at this time. Hn_y, after aUof

the components of CombiNOx have been evaluated individua'.y, they will be integrat_ (except for"

the scrubbing step) and demonstrated.

@

@
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2.0 INTRODUCTION

Q

Energyand Envir_'mrnentalResearchCorporation (EER) is currentlyconducting a test
program to develop an adva.acedNOx controlmethod utilizingreburning,promoted selectivenon-

catalytic agent injection, and methanol injection. The study will consist of fundamental and

I process testing over a largeenough range of operating parametersto significantly reduce the risk of

a full scale demonstration project. The test plan for the fundan_ntal testing ph_Ls¢of the programis
presented here.

@ Pilot scale fundamental testing wiUtake pla_ at the pilot-scale Boiler Simulation Furnace

(BSF). A series of lab-scale tests to betterunderstand the methanol injection atgi NO2scrubbing

steps will be performed also. These tests will commence in the Spring of 1991 _ be completed
in January of 1992, at which time the process testing will be planned,

O

O

O

O

J
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3.0 OVERVIEW OF FUNDAMENTAL TESTING

• Previousdata suggest that ff a selective non-catalytic reduction(SNCR) agent is introduced

into a flue gas region where an appropriateamount of CO is oxidizing, performanceof the agent is
enhanced - the temperaturewindow broadensand the NO reduction imi:a.oves' Additionally, the
optimum agent injection temperaturedecreasesas the amountof oxidizing CO increases. This

I feature may result in a process that .'raSa degree of flexibility in terms of fuU-scaleapplication. In a
boiler, the flue gas temperatures of interest to SNCR generally occurin the vicinity of the

convective pass whereaccess may be limited. The ability to varythe CO concentrationsuch that

the temperatureat the access area is optimum for SNCRis an attractivebenefit. A key featureof

Q the CombiNOx process is the additionof the SNCR agent into CO richzones to take advantage of
the promotion effect.

The other maincomtxment of the CombiNOx process is the methanol injection step. It has

• been found at bench scale that if methanol is injectedinto the flue gas at a_te _ it

will convert NO to NO2. Although_thetotal NOx is notredlw,ed, it is possible to remove NO2.in a

conventional SOz scrubber. Clearly, this step of the CombiNOx _ would only be retrofitted

• on a boilerthat already uses an SO2 scrubl_, since the cost of a scrubberwould not allow us to

meet oureconomic goals for the process. Thus CombiNOx may be thought of as womoted SNCR
combined with conversion of NO to NO2 which is subsequently removed.

Q 3.1 Lab-Scale Furwlame0mlTests

The lab-scale work may be brokendown ham two test series. The purlmseof the fast test

series is to determine whether or not the type of scrubberdevelolaxl by Research Comer _ be

Q effective for removing NO2 (withoutdeleterious effects on the SO2_loval). In this test series, it

will be determined whetheror not the scrubber will work with only a minorchange to the

scrub_ng solution and not requir_significant changes to the hm'dwm_or operatingcon_tions. As

a result, the first test series will experimentwith ,differentadditives m conventional gn_ _! _g
® solutions to try to achieve good renmval efficiencies. The pm'gne of the _ test series will be

to develop an empirical understandingof the conversion of NO by methanol m NO_ ct' in o0g¢

words, to generate a data base characterizingthe reaction.

-e 3-1



3.1.1 Evaluation of NO2 Scrubbing
O

The goal of the lab-scale scrubbingtests is to find a scrubbing solution that will:

• Capture a high percentage of NO2 and SO2 in the flue gas;O

• Have a substantial capacity for NO2 and 802;

• Be inexpensive;@

• Produce a waste that is at least as disposable as what is now produced;

• Not convert NO2 to N20.O

The experimental set-up is shown in Figure3-1. The test is essentially a batchprocess in which a

simulated flue gas, consisting of known quantitiesof N2, 02, SO2lindNO2, is flowed througha

@ bubblerin a constant temperan_ bethwhereit contacts the scrubbingsolution. After leaving the

scrubber,the water is removed from the clean flue gas in a water trapand the samplets sent to the

NOxand SO2 _alyzers. The effect of moisturein the flue gas will be evaluatedby adding a

known amount of waterjust upstreamof thescrubber. The effect of scrubbingtemperana¢ on
@ removal efficiency andcapacity may be assessed by varying the tem_ of the b_ thatthe

bubblersits in. Since liquid-gas contact times arerelatively long in thisexperimmltalset-up
compared to actual scrubbers,the results represent chemical interactions in the absence of
contacting time limitations.

@

From the initial and e_rubbedlevels of NO2 and SO2, the removal efficiency of the

scrubbing solution may be evthmted. Since it is a batch_ witha fixed tnamm_of the

scrubbingsolution, the length of time thatremoval tak_ place te_ us how much capacity the

@ particularscrubbingsolution I_ for either NO2or SO2. After candidate scrubbingsolutions have

. been identified, the dislmul problem will be addteucd. The scrulR_g liquid will be recovered

after testing, andanalyzed to detemnne if thereareany _ bypmduc_ of the prm:ess.

• Finally, after the experiments mc c,ompleuxt, an atteu_ will be made m model the results, so that

in the future, the model may be used to predict the perf_ of a givon scrub_g solution.

® 3-2
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3, 1,2 Lab-ScaleCharacterizationof the Methanol Injection Step

• The methanol injectionstep of the CombiNOx process serves to convert NO to NO2. The
lab-scale testsare designed to generatea data base to define the:

• optimummethanolinjectiontcmperamreforagivenfluegascomposition;@

• impactof amount of methanol injectedon theNO conversionefficiency;

• impact of the above on the formationof byproductssuch as CO and formaldehyde.@

The experimental setup is shown in Figure 3-2. A gas blendingsystem similarto thatused in the

scrubbingexperiments will be employed to generatea simulatedflue gas. Methanolwill be added

@ to the dry flue gas via a saturatorusing N2as thecarriergas. The amountof _ol maybe
adjustedby varying the bath temperature.Knowledge Ofthe vaporpressureof methanolwill allow

the amount of methanol addedto be calculate_ If_tesired,a known amount of water maybe added
to the simulated flue gas via a precisionmetering pump.

@

The mixture is rapidly_ted to a set texture in a qtmnz tube reactorwhere it remains

for a finite, variable length of time. It is assumed that the temperaturerise is an ideal step function.

Finally, the flue gas passes througha water trapon its way to the NOx, SO2,02, and CO

@ analyzers.TheNOx analyzerwillbeoperatedinNO modeonly.ThefinalNO levelwillbe

comparedtotheinitialNO leveltode_ theconversionefficiency.

3.1.3 Lab-Scale Test Schedule
@

The test schedule f_r the labscale tests is shown in Figure 3-3. The exlxa'inamtalsetup for
thescrubbingstudieswillbedoneindm monthofApril.Approximemlysevenweeksoftestswill

be perfcraz_ commencing at the beginning of May. Modelingof the results will be done in

@ August for three to four weeks. The ex_ntal setup for the nmfltmol injection tests take the

first two weeks of September, while the tests will last until the middle of Novemlan', 1991.

@
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3.2 FundamentalPilot-Scale Tests

• The Boiler Simulation Furnace (BSF) wiUbe u_._tto study the CombiNOx process, The

BSF is a 1 Million Btu/ht down-fired furnace that stands approximately 25 feet high. A schematic

of the facility is given in Figure 3.-4. The vc-_dcalsection generally represents the radiant furnace

while the horizontal "S" shaped ducting simulates theconvective pass. Here, banks of air cooled

• fouling probes am employed to simulate heat transfersurfaces _nthe convective section of the

boiler, Both flue gas temperatureand _mbe temperatures may be adjusted inclel_adcnt!y.

Numerousportsarelocatedinthevexficalsectionofthefurnacetoinsertcr,_lingrodsandin

addition,eightSCll_'ewatercooledpatrolsareavailable(oneforeachsectiotJoftheradiantfurnace)

@ ifdesired.Thepotentialforcoolingflexibility intheradiantfurnaceallows,thete_ttne profile

ofmostfullscaleboilerstobeeasilyduplicated.Forthi,project,thequenchratewillbeinthe

range of coal-fu_ utility boilers.

• AL1of the steps of the CombiNOx process will be investigated in the fumtan_ntaitests here

except for the NO2 scrubbing step. The specific goals of thefundan_ntal tests at the BSF will be

to:

e
i. UnderstandtheroleofcontactingoxidizingCO withtheSNCR agent;

2. Determinetheimpactofther_bumz.tmestoichiometry(whenreberningisusedto
generateCO forpromotion)onNO reductionperf--;

• 3. Define therelatic¢_shipbetween SNCR agent injeclion len]l)emtnmandNO
reductionpm'otn_nce;

4. Umiersctad the impact of burnout air inj_,'6on l(x_m and tem_nmm on NO
reductionperformance;

• 5. Ommcter_ theme0mm_ injectionsmp.

6. Identifythe_ controllingundesirableemissionssuchtsN20 tad
fonntldel_y_.

O

The first step is to de_ the best way to takeedwnmge at"theCO pmmatioaeffect oa

SNCR efficiency. As mentioned previously, the possibilities identified tta: I) performretraining
+

+ togenerateCO, and2)injectCO withtheSNCR ageaLFortheretrainingmetlz_(advanced

® reburning) the effect of amount jf reburningor them'notmtof CO present in the _ oa NO

3-7
e
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removal efficiency will be measured. The impactof burnoutair injection locationwill be explor_k
At issue is whetherthe burnoutairrequired forCO oxidation needsto be availableupstream of the

Q _qNCRagent, or if it is better to inject it with the agentor even downstn_amof it. Both naturalgas
reburningandcoalrcburningwillbetested,

For themethodof promotionutilizing co-injectionof CO andtheagent,theeffectof

• furnacestoichiometryandamountofCO injectedwillbeexamined.Finally,foreachpromotion

method,therelationshipbetweenstoichiometry(COconcentration)andoptimumagentinjection

temperature will be noted.

Q Thenextseriesofexperin_ntsplannedwillessentiallybeascale-upofthelabscale

methanolinjectiontestsdiscussedintheprevioussection.A keyconcerninthesetestsis_na'am

_urement ofNO inthepresenceoflargeamountsofNO2. Pamnmterstobevariedinclude

methanoltoNO ratio,methanolinjectiontemperatta'e,fueltypeandinitialNO level.Inaddition,

@ the effect of ammoniaconcentration in theflue gas on methanol injection perfommncewill be
checked.

Finally, after ali of the CombiNOx steps have been tested individually, tlmprocesses will

•• be integrated and perfom'_: ,'nultaneously. An estimate of emissions of undesirables such as

formaldehyde (which may be a byproductof the methanol injection step), ammoRiaand N_) will

be monitored for e..achparametric variation. In this way, the controlling parametersleading to their

possible emission may be understood and potentially ccm'ect_ The schedule for the proposed
O

tests is presented in Figure 3-5. It is es_nated that the fimdanmnml tests at the BSF will be

completed by the end of January, 1992. As may be seen testing taeaks have been scheduled to

allow for sufficient dam analysis and formulationof a plan to proceed.

O

3-9
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4.0 TEST MATRICES AND MEASUREMENTS

e
The preliminarydetailed test matrices for the lal>.scaleand pilot-scale Fundamental Studies

are presented in Tables 4-1 and 4-2.

NO2 Scrubbing Studies
@

In the NO2 scrubbing studies, the single most important paran_ter to be varied is the scrubbing

solution. The process will be deductive - the initial scrubbing solution tested will be calcium

hydroxide and each subsequent solution wiUbe identified afterobserving the results of the

@ previous test. Other parametersof interest include the bath temperatureand moisture content of the
gas to be scrubbed. The matrix is presented in Table 4-la.

Lab Scale Methanol Injection Studies

@ The test rnalrix for the methanol injection charaetmSzationtests is shown in Table 4- lb. As
may be seen, seven parma_terswill be varied. Generally, removal efficiency of NO_ redtgaon

technologies improves as initial NO inorease._.The magnitudeof this effect on the methanol

injectionstep will be documented at this scale for threediffenmt initial NO levels: 50, 100 and200

@ ppm. For each of the_ initial NO levels, the nmction temperature(which will simulate injection

temperature at the BSF) will be variedover a wide range. Finally, for each of these _on

temperatures, the amount of methanol injected will be v_ed, resultingin a total of approximaiely

250 data points. The effect of ammonia slip, flue gas oxygen content, nmisture content, and

@, reactorresidence time will also be examined. Emissions of NO, CO, fmmaldehy&:and N20 will

be recorded.

Pilot.Scale Contaca,, ? Sn.tics at the BSF

At the BSF, the first series of tests will focus on the effect of how CO protnodon is

accomplished. As discussed e,adier, oxidation of CO in close proximity to the $NCR agent may

enhance the Woce_. The two mcttg_ of _on m be evaluated m: 1) co-in_ of _ CO

and SNCR agent into a fuel lean envimnmcat and 2) advanced rebuming in which the agent is
@

injected near or at the rc_g zone. The test mauix is presented in Table 4-2a.

These tests will be o(mducmdwith natm_ gas fin_ at 1 MMBm/_. TI_ SNCR ag_t will

O be ammonia in gas phase to remove droplet evalxndon effects. Gas rebuming will be simulated

® 4-1
, ,



TABLE 4-la. LAB-SCALE SCRUBBING STUDIES TEST MATRIXQ

Test Scrubbing Bath Gas Flow ' Gas Moisture
Series Solution (°F) (cc/min) (cc/min)

• I Vary 135 3660 none

2 Optimum _ 109 3660 none

• 3 Vary 135 3660 0.72

e

e

I
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@ TABLE 4-2a. TEST MATRIX FOR CONTACTING STUDIES

Natural gas - I MM Btu/ht
$NCR Agent - Gaseous Ammonia
NSR - moles NH3/molcs NO = 1.5

Test Initial Final CO Promotion CO - ppm NH3 Injection

Number SR SR ...... Method Meas @ 1600F _ Temp (°F)

1 1.2 1.2 none low varye

2 1.02 1.02 co-injection high vary

3 1.2 1,2 co-injection high vary

@ 4 1.2 1.2 co-injoction low vary

5 1.09 1.09 co-injection low vary '

@ 6 1.02 1.02 simulated AGR low vary

7 0.99 1.2 simulated AGR high vary

8 1,02 1.2 simulated AGR low varyQ

9 0.99 1.02 simulated AGR high vary

I II I I _ IIII I

I

@

@
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by reducing the initialstoichiometry. The parametersof interestare: initial stoichiometry,final
stoichiometry(simuLatedreburningcases only), CO level and ammoniainjection temperature.

• Emissions measurements to be made include 02, CO, CO2,NO, NOx, and N20. Also, a suction

pyrometer will be used to measure injection temperatures.

Pilot.Scale Advanced Gas and Coal Reburning Studies

QII The test matrix for the advanced rreburrtingtests is given in Table 4-2b, For these tests,

coalwillbefiredasthemainfuel,andbothnaturalgasandcoalwillbeusedasthembta'ningfuel.

TheSNCR agentwill be an approximately15% aqueoussolutionofurea.Theinjectionnozzle

used wiUbe a twin fluid 180° nozzle with good atomization pro_rties. Tlm solution and atomizing

Q rr_lium flows will remain constant so that dropletatomization will not be a variable. Atomizing
fluids that will be tested include air,oxygen and nitrogen(simulates steam in a full scale

application), To minimize the amountof rekaaning fuel used, the initial stoichiometrywill be 1.13,
lower than the final stoichiometryof 1.20.

Q

Forboth natural gas and coal advanced rebuming, the imlmetof variations in rebm'nzone
stoichiometry,agent injection tem_ and burnout air injection temper_ue will be

and an optimum found. The niwogenstoichiometricratio (moles of N in urea :moles of NO) or

Q NSR will be maintained at 1.5 for ali tests except for the final teat which will use the optimum
operating conditions found in the foregoing tests where the NSR will be vmed. Measurements

that will be made include: 02, CO (both at the exhaust and in the rebuming zone), COx, NO,

NOx, NzO, and ammonia slip.
I

Pilot Scale Methanol Injection Characterization Tests

In the final tests series at the BSF, the mettmmfl injection ste_ will be c_ at a

I largerscale than the New lcrsey tests, and ali of tlm individual partsof the _Ox pmcegs will
+ be integrated. The test tmaSx it shown in Table 4.-2e. In the first nine tests, eitt_ coal or nitro'al

gas will be fired at a final stoichtotmtry of 1.2. Because the two fuels will be comtmeed, when

coal is f'ae_ enough ps _g will be performed m reducetheNO I¢_ upsncamofthe

• methanolinjectionstepm 400plan.Similarly,whennaturalgltsis_ immmoiawillbe

dopedinwiththecombustionairtoincreasetheNO levelto400pImg _trations of02,CO,

COz,NO, NO2,N20 andfcamakkhydewillberoutinely_ Inaddition,intheamnmnia

dopingcase,anmmniaemissionswillbequan_
Q

4-5
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Someof dieparametersthatwill beconsidcre..din thefirst ninetestsa.,_:initial NO,
Methanol:NO molarratio,andmethanolinjectiontemperature,Sincetherearepreviouslabscale

@ datasuggestingthatammoniaslipreducestheeffectivenessof themethanol,Test3 will involve
methanolinjectionduringammoniaslipconditions,Ali of thetestswill bepcrfom,cdwitha

gaseousmixtureof methanolandnitrogenexceptforTests4 and5, whichwill showtheeffectof
aqueousandliquidmethanolinjection,respectively,

@

Finally,previouslabscaledatahaveshownthat thepresenceof 502 isdetrimentalto the _r ' ¢ _
methanol process, If these data arevalidated (thenamraJgas tests show betxcrconversionof NO to '.,

_s

NO: than the coal tests, with differentoptimummedumolinjecP.,n_em_s), thenan=_ gas

@ will be doped with sufficientSO2to ma_chthe SOzemissions in thecoal tests, and n_thanol

injectiontemperaturewill be v_ed (Test 7). If these data still do notagree with thecoal data,ash
and S02 will be added (Test 8), todetermine if the ash in the coal alters theperf_ of the

methanol.
(e

In tests tenandeleven, the integratedCombiNOx process will be perf_ Fogbo_ the

coal and natm'algas versionsof CombiNOx, the optimumadvancedretrainingand meal

• injectionconditions will be used. The effect of varying theureaand methanol injecdon
textures will be evaluated.

@

e

@

@

z
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I.0 INTRODUCTION

Q Themeasurementsto be performedinthisprogramwillbe usedto assessthe

potentialapplicationof COMBINOX.COMBINOXisa hybridNOx controlscheme, lt
is the integrationof threeseparatecontroltechnologies:

• o Gas reburning

o Enhancedselectivenon-catalyticreduction

o Methanolinjection

• Themeasurementswilldeterminetheeffectivenesson COMBINOXfor removing

NOx fromcoal-firedutilityboiler,includingemissionsof NOx, NO2,N20,NH3 and
otherpollutants.EERmanagementrecognizesthatthe collectionand analysisof

quality data is key to the successof this program and will take all the

• necessarystepsto insurethatthe dataqualityis commensuratewiththe program
objective.

This documentis EER's QualityAssuranceProgramPlan for the subject

• program, ltdeta!_sthe samplingandanalyticalproceduresto be utilizedalong

withqualitycontrolandqualityassuranceprocedures,measurementprecisionand

accuracygoals,and proceduresfor QA/QCreportingand correctiveaction.

0

0

0

0
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2.0 PROJECTDESCRIPTIONi

O
Theoverallobjectiveof thisprogramis to demonstratethe effectiveness

of the COMBINOXprocessat a largeenoughscaleand over a sufficientlybroad

rangeof conditionsto provideall of the informationneededto conducta full-

scaledemonstrationin a coalfiredutilityboiler.Thus,thisprogramwill:I)Q
demonstratethat the controllingprocessvariablesare known, 2) providea

processdesignbasisfor the applicationof COMBINOXto coal firedboilers,3)

demor_strateto boilerownersand operatorsthatthe processis unlikelyto have

• any adverseimpactsupon boileroperationor life,and 4) providesufficient
confidencethat when appliedat full-scalethe technologywill be capableof

meetingthe followingtwo technicalperformancegoals:

• o NOx emissionsmust be reducedby 70 percentat 20 percentof the
cost of selectivecatalytic reduction (SCR). In ozone non-

attainmentareas,NOx emissionsmust be reducedto lessthan60 ppm

at 50 percentof the cost of SCR.

0
e The applicationof COMBINOX must avoid reduction in boiler

efficiency,it must not significantlyincreasethe operational

complexityof the boiler and must not introduce any adverse

Q environmentalimpacts.

The programconsistsof S majortasksand subtasks,as shownin Figure2-I.
z

• Task I, programdefinitionsconsistsof two subtasks" Task 1.1,project

work plan,and Task 1.2,QA/QCplan. The purposeof Task 1.1 was to preparea

detailedprojectwork plan coveringthe entireperiodof performanceof the

contract(thistask has been completedand submittedto DOE). The work plan

• describesin detail the activitiesneeded to achievethe programgoals and

oojectives.

The purposeof Task 1.2 is to preparethis QA/QCplan. The QA/QC plan

• describesa seriesof proceduresthat must be followedto ensurethat the work

z
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0

TASK I. ProgramDefinition

1.1 ProjectWork Plan
I.2 QA/QCPlan

Q

h I

Task 2. Designand ConstructionTestUnit

Q 2.1 ProcessDesign
2.2 FinalDesignPackage

• _ Task 3. ExperimentalProgramand Data Reduction

3.1 FundamentalStudies
3.2 ProcessTesting

0

ii i,,i iii

Task 4. ConceptualDesignand EconomicEvaluation

4.1 FinalReport
Q

f

1 Task 5. Test Unit Removal J
0

0

Figure2-1. Programstructure.

0
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is performedin a mannerthat is consistentwith the technicalapproachand the

scopeof work and whichalso satisfiesDOE'sQA/QCrequirements,

I

Thestudiesthatwillbe carriedoutduringTask3 willbeconductedat two

scales: 1,0and IOMMBtu/hr. Sinceallthe majorfacilitiesare in existence,

therewill be no need for facilitydesignand construction.However,minor

• modificationswillbe made (Task2) to accommodatethe injectionof Methanoland

reducingagentsand evaluateNO2 capturein both wet and dry SO2 scrubbing
systems.

• The 1.0MMBtu/hrBoilerSimulationFurnace(BSF)whichwillbe used inTask

3.1 was designedto producevariablecombustionconditionsin orderto simulate

a wide varietyof coal combustorfiringschemes. There was no attemptto

simulatedirectlythe hardwareof eachof thesetypesof firingsystems;instead

• theBSFdesignsimulatesa fire-sideenvironmentthatis typicalof thesevarious

systems. In particular, the unit was designed to simulate the

time\temperature\stoichiometryhistoryof a rangeof coal-firedutilityboilers.

The furnacewas designedto operateover a wide rangeof combustionconditions

Q typicalof currentcommercialpractice.
.=

The BSF has the followingfeatures:

Q e Nominalfiringrate of 1.0 MMBtu/hr;

o Capabilityof firingsulfur-dopedgases;

Q e Sorbentinjectionlocationsat 15differentpointswithinthefurnace

profile;

e A low NOX distributedmixing burner (DMB) employedas the main
• burner;

Q
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e Adjustabletemperatureprofilevia load and coolingpanelsover

ranges appropriatefor all time/temperatureconditionsof U.S.

• designedboilers.

The equipmentused at the BSF includesa full set of instrumentation

devotedto boththemonitoringof emissionsandthesystemoperatingconditions.
e

The emissionmonitoringsystemincludesmeasurementsof parameterssuch as CO,

CO2, NO,NO2 and02. The processmonitoringsystemsincludea fullarrayof gas
flow sensors,coal feed ratemonitors,and furnacethermalprofilemonitors.

• The TowerFurnacewhichwill be used in Task3.2 is designedto simulate

a wide rangeof fluegas conditionswhichare representatiwtof thoseexisting

in pre-NSPSboilersfiringmedium-to-highsulphurcoals. This test furnacehas

a nominalfiringrate of IOX106Btu/hr. The towerfurnacewas designedas a
0

researchfacilityfor the evaluationand developmentof In-furnacesorbent

injectionfor SO2 control. The furnaceis down-firedverticallythrougha
singlemulti-variableswirlburner,and is equippedto fire naturalgas, fuel

oil, emulsion,and /or pulverizedcoal. The main body of the furnaceis a
0

refractorylined,water-cooledsteelshell,4 ft. x 4 ft. in internalcross-

section,and is approximately30 ft. tall. Fluegasesexitingthe furnacepass

through a series of water-cooledtube banks, and ultimatelyarrives at a

• recuperativeheat exchangerwhichprovidespreheatedcombustiionair. The first
tubebanksare fixed,and simulatetypicalboilersuperheata_dreheatsections,

whilethe downstreamtube banksare removableto facilitatethe controlof flue

gas temperatureand temperaturequenchrate.

Q
A completemonitoringsystemis availablefor the reburningtowerthat

providesa completeanalysisof bothemissionsandsystemsoperatingcondition's..

Againthe fullcomplementof instrumentationis availableincludingCO, CO2, NO,

• NO2, N20, SO2 and 02.

All information is accessed through a computer based data acquisition

system, which performs on-1tne data reduction andtabulation of all desired input

• andoutputconditions.Sincethe basicreburningsystemis alreadyinstalledon

2-4
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thefacility,onlyagentandmethanolinjectionsystemswillneedto be designed

in Task2.

0

In additionto the furnacesdescribedabove,testingin Task 3 will be

performedat the WhitehouseFacilityin New Jerseyto studyNO2 scrubbingat
benchscale.

@

Pilotscalestudieswillbe performedat ResearchCottrell'sWet Scrubber

Test System. l'heirboileris a Scotchdoublewater wall design,firedwith

propane,ratedat a 2 MMBtu/hrand capableof generatingflue gas at 500 cfm.

,@ By injectingNH3 and SO2 intothe combustionair, the levelsof NOx and SOx in
the fluegas thatthis boilerproducescan be adjustedto matchthoseof a coal

firedboiler.

• The principalmodificationrequiredby the ResearchCottrellunitwill be

the installationof new ductwork betweenthe boilerand the scrubber. This is

neededto accommodatethe selectiveagent injectionsystemand the methanol

injectionsystem. Also requiredwill be the agent injectionand methanol

@ injectionsystem.

Task 3 is divided into two sub..tasks, Task 3.1, Fundamental Testing and

3,2, Process Testing. FundamentalTesting will include a study of the promoted

@ selective non-catalytic reduction (SNCR)process at the BSF. Parameters to be

evaluated for optimum performanceare injectionconfiguration,injection

temperature,and stoichiometries.

• In parallel to the BSF tests, the final step of the COFfliINOXprocess-

methanol injection to convert NO to NO2and its subsequent renmval in an SO2
scrubber-wlll be optimized.At EER's WhttehouseFacility,the followingtasks

will be performed:
0

• Bench-scale investigation of S02/NO2 rumval using limestone.

, Define the kinetics of NOto NO2conversion via CH30Hoxidation.0

2-5
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• Measurementof possible N20, CH20, CH30Hbyproducts,

• • Measurementof NOto NO2 conversion, NH3 removal and COproduction.

• Measurementsof N20, CH20 and CH30Hbyproductsin the presenceof
ammonia.

®
This stepof the processwill be studiedat pilotscaleat ResearchCottrell's

Facility.

• Finally,in Task 3.2, all of the COMBINOXstepswill be integrated,and
fine tuningof the processwill bedone on the towerfurnace. Sincethe tower

furnacehas historicallybeen able to match full scaledata, this tasJ,:will

providescaleupinformation.

I
Task4 willfocuson theconceptualdesignforthe applicationof COMBINOX

to a 500 MWe boiler. The conceptualdesignand economicevaluationshallbe

basedon a completeintegratedplant.

®

The primaryeffortof Task 5 will be associatedwith removalof waste

productsaccumulatedduringtheprogramdue to thedry scrubl_rresidueandother

aspectsof the testing.

0

Theprogramscheduleispresentedin Figure2-2. ltis basedon initiation

of the programon OctoberI, 1990. The finalreportwillbe submittedin October

1992.

e

0
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3.0 PROJECTORGANIZATIONAND RESPONSIBILITY

• Figure3-I showsthe organizationfor the program. The programwill be

managedby Dr. W. R. Seeker,the SeniorVice Presidentof the Environmental

SystemsDivisionof EER. Dr. Seekeris internationallyknownfor hiswork in a

widerangeof combustionstudiesfocused onenvironmentalissues.Dr.Seekerhas

Q successfullymanagednumerouslarge-scaleprograms,makinghiman Idealcandidate

tomanagetheproposedprogrameffort. He hasbeenwithEERCorporationforover

ten years and has managedand been directlyinvolvedwith programsinvolving

similaractivities.
0

Mr. G. C. England,who is VicePresidentwithinthe EnvironmentalSystems

Division,will act as Principalinvestigatorfor the program. Mr. Englandhas

overthirteenyearsof experienceat EERand iswellknownfor his studiesinNOx
• formationand control.

Mr. S.L. Chen will directthe test planningand executionoperationsof

this program. Mr. Chen will be aided in the evaluationand desiqn of the

• COMBINOXprocessby Ms. J. Newhall.

The engineeringdesignactivitieswill be directedby Mr. T. M. Sommer,

Vice Presidentof the EngineeringServicesDivisionof EER.
I

ThreeseniorscientistengineersatEERwillserveascorporateconsultants

anddirectorson thisprogram. ThesepersonnelincludeDr. R. K. Lyoninventor

of the Exxon ThermalDeNOX process. Dr. Lyon has developeda nuld)erof NOX0
reductionconceptswhileat EER, many of whichhave been evaluatedand are an

importantaspectof the subjectprogramactivity. Dr. D. W. Pershing,who is a

staffconsultantat EER as well as beingDean of Engineeringat Universityof

• Utah,has been involvedwith NOx controlstrategiesfor over 20 years. Dr. Roy
Paynewill serve as the final programconsultant. Dr. Payne is SeniorVice

Presidentof the ProcessResearchDivisionof EER and has recentlycompleted

designstudiesof gas reburning/so_bentinjectionfor the DOE/GRICleanCoal

I
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Program. He is familiarwith allaspectsof scalingand retrofittingreburning

technologiesto existingcoal firedunits.
0

Finally,the team has an independentQualityAssurance/QualityControl

Officerwho iswellexperiencedinthe implementationof QA/QCprotocol.Mr.J.

A. Cole,who is in the ProcessResearchDivision,will serveas the Quality
®

AssuranceOfficerand directlyassistthe ProgramManagerin qualityassurance

areas. His soleresponsibilityon thisprogramisto ensurethat theprogramis

beingconductedanddocumentedat thehighestlevelof quality,consistentwith

protocoldevelopedover a numberof yearsof similarstudies.
0

0

0

Q

®

0

0
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4.0 QA OBJECTIVESFOR MEASUREMENTDATA IN TERMS OF PRECISION,ACCURACY,
COMPLETENESS,REPRESENTATIVENESS,AND COMPARABILITY.

0
The programQA objectivesfor precision,accuracy,and completenessare

listedin Table4-I for eachmajormeasurement.The QA objectivesare basedon

'the programrequirementsandtheprecisionandaccuracylevelsachievableby the

selectedmeasurementmethods.Theresultsof previousmethodsvalidationstudies0
and EER's experiencewere used to determinethe anticipatedprecisionand

accuracylimitsfor eachmethod.

• The valuesfor precisionshownin Table4-I are definedas the relative
standarddeviation(ratioof the standarddeviationto the mean of replicate

measurementsexpressedas percentage). Accuracyis the percentdifference

betweenthe measuredvalueand a knownor standardvalue. Completenessis the

I percentageof validdata obtainedcomparedto the totalamountof data planned
to be obtained.

Table4-I also showsreferencesto standardmeasurementproceduresor

measurementvalidationstudies,andtheexperimentalconditionsunderwhicheachO
measurementwill be performed. EER will presentresultsin a formatand in

consistentunits to allowdirect comparabilityto the referencedand other

studies. EER will ensurethat data are representativeof the experimental

conditionsbeingmeasured.0

0

0

Q
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5.0 SAMPLINGPROCEDURES

Q
Samplingproceduresfor eachmeasurementare summarizedinTable 5-i. This

Table includes sampling location selectioncriteria, sampling procedures,and

sampling frequency. Standard EPA procedures are used where appropriate.

Proceduresnot followingstandardproceduresare describedbelow.
0

Reagentsto be used in the measurementconformto the specificationsof the

referencemethods. Reagent grade chemicalsare used exclusively. Clean sample

containersare used to collect samples,with each containerprepared by rinsing
0

in appropriatesolutions, Samplesare analyzed as rapidlyas possible.

Samplingproceduresforthe continuousmonitoringinstrumentation,N20,NH3

and in-furnacegas measurementsare described in the followingsub-sections.
0

5.1 Continqou$Monitoring Instrqmentation

• Figure5-I shows a schematicdiagramof EER's continuousmonitoringsystem

for NO, CO, CO2 and 02. This system is specificallydesigned to monitor
emissionsfrom sources such as combustionexhaust and has been used in previous

test programs. All componentsin contactwith the sampleare stainlesssteel or

teflon to insure sample integrityand corrosion resistance. The gas sample is
Q

providedto the instrumentsby a sampleconditioningsystemconsistingof a pump,

moisture condenserand particulatefilters. Figure 5-2 shows a diagram of the

continuousmonitoring system for SO2. A phase discriminationprobe is used to

• separatethe majorityof the particulatefrom the samplegas stream. This design

is used due to the high reactivityof the particulatewith SO2 during sorbent

injectiontests. The gas sample then passes through a heated sample line to a

heated filter, Perma Pure drier, sample pump, and final filter before entering

_0 the analyzer. Figure 5-3 shows the continuous monitoring system for NO2. A
heated stainlesssteel glass lined probe is used to draw emission gas from the

exhaust. To avoid NO2 condensationin a chiller, the sample is passed through

a Perma Pure drier. Next, since NH3 can be oxidized inside the converter, the

• sample passes through an ammonia scrubber. Finally, the sample passes through

5-I



0

•:{ r--
. r,j 0 = ol

u-) (::1. _ ,-_

"J ::3 _

] U I.. ::D W

= _ 8 =;T
1:71 _ __ (4 -.--, rr) _- .... "13r..

U. e" 0 4-JCO 11)00 lM (/I _ "I

,-.- r- . _ _ JE Z )

(::3= = : : : (1) ZCl_

_r Lo z :!:: rr) u 14J0o : :i:: _,-4r_r_

U) (n (n v)
r. I::: I::: I:::
O O O O

e ,,-- (n ,r- 0r.. ,P
,f.- O ,.. ,p .r-
"(3 "- "El X_ "C}>..

W_f.j r" .la r" r" _-

Z O "- 0 0 0
UJ _J "0 CJ _J {J

r-

_= _ o _ _

I=: E r- £: ,-- r.

ev" 0 0 0 0 _a • 0

C,J

_.. c: ,.-,,

0 _

-_"=' ,.,<o<u _', ,_
_" _J _. _ ._ ._ _ co z _, --_ I--Wbl

JE "0-(3"0"13"0 "13 "(3 _ 0 e- = :_

. ,,- :lE X :1[ ::E ::lE U "- I.. C:: _) ',- .'--

, 3_ ,- =_,_.,,= = _ o %
i_ :_ _J _-_ uJ L_J uJ uJ L_ UJ L_ U {J U ul_-_

_- r- r- 0 o m

,P ,P ,,- I-. (::: r-

" _ C: W U
_'LJ e- _" = _ ,,-" I-,. _ "tD W 0 e- e- "_0

° o o oo

i-. _)
0 _..
.,., MI

:3 _ O 1.1.J:l I,,- ",- ::3

_ _ .,- .- ¢._ _-.

!"

14. (4 (n (/)(3 ,--" (-1

• = = =" "J{:: - (MN O I.-
XO {_I:::)0 C) N O " :3

Li. U U L_JZ 0 U U (_ (_1 Z 14. Z
......

5-2

®



0

• _

= 5-3

O





0

°

0

o
©

• _

.........J
O

5-5

0



0

a carbonconverter(convertingNO2 to NO), the samplepump and filterbefore

Q reachingthe analyzer,

B.2 l zo

• N20will initiallybe measuredby twodifferentmethods:a manualmethod,
anda continuousmethod. Themanualmethodwillbe usedto checkthe continuous

method. If the resultsfromthe continuoussystemarevalid,themanualmethod

as describedby Kramlich,Muzioel al.1will be discontinued,In the manual

• method,the N20 sampleis collectedusinga water-cooledprobefor samplegas
temperatureshigherthan 400"F. The sampleis collectedin a glasssampling

vial. The vialisfilledwith25 cc of IN sodiumhydroxideto avoidthe sampling

artifact(reference).A gas-tightsyringeis thenusedto withdrawa gas sample

• for directinjectioninto the gas chromatograph.The actualN20 analysisis

describedin Section8.0, AnalyticalProcedures.The continuousN20 analyzer

uses the same dry flue gas samplethat is extractedfor the 02, CO/CO2 and

NO/NO2. The Siemenscontinuousanalyzeremploysthe non dispersiveinfrared

• absorptiontechniqueto quantifyNO/NOx levels.

s.3 NH3

_0 "FomeasureNH3, fluegas iscollectedin a gas washingunitwhichconsists

of impingersin serieswitha frittedgas bubbler.The presenceof sulfideions

can interferewith the specificion electrodedetectionof NH3 by formingan
insolublelayerof silversulfideon the electrodemembranesurface.Therefore

• the impingersand bubblerscontainan absorbingsolutionof leadcarbonateand

sodiumcarbonateto precipitatesulfideionsas lead sulfide.

5.4 In-FurnaceGas Temperatur_

®

High temperaturegas measurementswithinfurnacesare subjectto largez

inaccuraciesdue to the effectsof thermocoupleradiationloss. Thereforein-

0
IGeo.Res. Ltrs.Vol. 15, No. 12, 1988

z
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furnacegas temperatureswillbemeasuredusinga suctionpyrometer,Thesuction

pyrometerconsistsof a high temperaturethermocouplein a porousceramic
e

radiationshield, A highflowrate of furnacegas is drawnthroughthe shield

and over the thermocoupleto increaseconductiveheat transfer to the

thermocoupleand reduceradiationloss, As thegas flowrateis increased,the

temperatureincreasesto a constantvalue,indicatingno additionalreductions
0

in radiationsloss, Thereforeduringthemeasurements,sufficientgas flowrate

will be verifiedby increasingthe flow rate untila constanttemperatureis

obtained.

0
5.5 F0,rma1dehy(L_.

Gaseousemissionscontainingformaldehydeare drawnthroughtwo midget

impingerscontainingan aqueousacidicsolutionof 2,4-dinitrophenylhydrazine
®

(DNPH).FormaldehydereactswithDNPHby nucleophilicadditionon the carbonyl

followedby 1,2..eliminationof water and the formationof 2,4-dinitrophenyl

hydrazone.

Q

.0

®

0
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6,0 SAMPLECUSTODY

• Most_of the Measurementsin this programinvolvethe use of continuous

'Instrumentsorothermeasurementmethodswhichdonotrequirecustodyprocedures,

Thosemeasurementsrequiringsamplecustodyproceduresincludethe following:

I _ I ii i,, i i,,,_,jjl ,,,,ijl ii ................... . . , ,, ii IL '"''I I , I , II I ,J 1

MEASUREMENT SAMPLE
! I U I I I!_!_1 !H I yljm LI I ]j '1 j LI' '_" I,,,,,_ I Ifl_'._ ............ j I I ....... J

SO3 Liquid
i

N20 Gas

• Formaldehyde ImplngerLiquid

NH_ ImpingerLiquid...........
v

Thisprograminvolvesmeasuringprocessperformancein laboratoryresearch
e

furnaces, Thus it is not expectedthat any sampleswill be neededfor legal

purposes.Ifsuchsamplesarerequired,EER willutilizethe "Chainof Custody"

proceduresas definedby EPAOfficeof Enforcement,Otherwise,EERwill utilize

the proceduresin Section3.3 of QualityAssuranceHandbookfor Air Pollution
0

MeasurementSystems, VolumeIII - StationarySourceSpecificMethods. EPA-

600/4-77-027b,August1979,

6,1 SampleAcQuisitionand S_mpleTrackinq0

The test engineer/technicianresponsiblefor sample acquisitionwill

maintaina detailedlog of testingactivitiesincludingthe detailsof sample

I acquisition.As a minimum,the logwill 'itemizethe followingfor each sample:

I. Sampleidentificationnumber;

2. Locationand timeof sampleextraction;

• 3. Test conditionsand allotherfactorsdefiningthe testconditions;
4, Samplingmethodand proceduresreference;

5. Processingor preservingof sampleconductedin the field.

-0 The test logwill be used by the projectengineer'to evaluatetest results.

6-I
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Thetestengineer/technicianwillalsopreparethefollowingtwodocuments:

• o SampleLBbel-The samplelabelshowninFigure6-Iwillbe completed
filled- out and attached to each sample by the test

engineer/technicianpriorto transferof custody,

Q e J,._2_SamoleTrackingReDor;l;-'Thetest engineerwill preparea Lab
SampleTrackingReportfor each batchof samplesdeliveredto the

laboratory.The formatfor this documentis shownin Figure6-2.

lt specifiesthe analyticalproceduresto be conductedby the

Q laboratory,The Lab SampleTrackingReportwillbe returnedto the

responsibleperson(listedon theform)alongwiththetestresults.

The test engineer/technicianwill ensurethat all informationon these

• formsand the test log is accurateand consistent.

6.2 LaboratoryCustodyProcedures

• The proceduresto be followedfor handling,storageand shippingsamples
are listedbelow. EER'schemistwill be responsiblefor carryingout these

procedures.

I I. When samplesare receivedinthe laboratory,they are identifiedby

a uniquenumberingcode.

2. This uniquenumberis recordedin a sa,,_plelog alongwith date,

Q locationof sample,and other relatedinformation. Samplesare

preservedas requiredby procedure.

3. Samplesare segregatedintothoseto be analyzedat the test site

Q laboratoryand thoseto be sentto outsidelaboratories.

4. Thoseanalyseswhichrequireinmediateattentionarestartedat this

point,

0
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i

O

O

O

O

Date

Time
Test No,

• eo Sitec:)
u') Location

Sample Description
' tDI

• z
18 Mason Irvine, CA 92714 (714) 859-8851

Figure6-I. EERsamplelabel.
0

z

0
]

Q
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5. All samplesare packagedconsistentwith the physicalabuse they may

receiveduring shipment. Samplesare shippedand packed in a manner

Q which insures that the handling requirements are met and

maintained throughoutthe entire time of shipment.

6. An inventoryof samplesby ID number and analysis is recorded in

• the Sample Shipment Letter. A separate form is prepared for each

shipment container. One copy of the Sample Shipment Letter is

included in the shipping box, one copy is sent to the project

manager, and one to the shipping designation. The original is

• maintained at the field facility.

7. Upondelivery for shipment,the test engineertelephonesthe outside

laboratoryand informsthem of the estimatedtime of arrival of the

• samples,the carrier,the number of shippingcontainers,and whether

the sampleswill be held for pickup or will be delivered.

8. When the outsidelaboratoryreceivesthe shipment,they signand date

• the letter, note any discrepancieson it and forward a copy of the

letter to the projectmanager.

6.3 Reaqent$_Filters and Materials
Q

All reagentchemicals,filtersand materialswhich will become parts of a

samplewill be dated upon receiptand properly stored in compliancewith safety

regulations. Amaterial log-bookwill be maintained in the laboratory. Entries

Q will document the log number of the reagent, stock solution or filter, the

concentrationof the solution,date of preparation (and the expirationdate if

appropriate,etc) and name of technicianwho prepared the stock solution. A

label inscribedwith the above informationwill also be affixedto the material.
0

Q
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7.0 CALIBRATIONPROCEDURESAND FREQUENCY

I CalibrationproceduresandfrequencyforeachmeasurementsystemareIisted
in Table7-I. As shownin the table,standardcalibrationprocedureswill be

used for eachsystem. Eachsystemwill be calibratedat the frequencyshownin

the table to insurethe accuracyof the measurementsare traceableto the

Q calibrationstandards.

0

O

®

0

0

®
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8.0 ANALYTICALPROCEDURES

Q

Analytical procedures for each measurement are listed in Table 8-i. EPA

standard procedures are used, where appropriate. Where possible, the remaining

measurements use other standard procedures, as shown in the table. Non-standard

0, procedures are described in the following sections.

8.I Cor!tinqoqsMonitoring Instrumentation

® Continuousmonitoring instrumentationto be used to analyze NO, NO2, CO,

CO2, 02, SO2 and N20, is described in Table 8-2. These instruments were

speciallyselectedto provide the highestsensitivityand minimum interferences

possible. Test data from the instrumentwill be continuouslyrecorded with a

Q strip chart recorder to provide permanentdocumentationof test results. As

previously mentioned, the continuous N20 data will initiallybe validated by

manual testing before it is used exclusively.

• The principal instrument employed to measure oxides of nitrogen is the

chemiluminescentanalyzer. The chemiluminescentanalyzermeasures nitric oxide

(NO). To measure the NO2 in the gaseoussample,a convertormust be employedto

reduce the NO2 to NO. The sampleexiting the convertorconsists of NO from two

I sources: (I) the NO entering the convertor (2) the NO2 converted in the
convertor. Hence, in this mode the instrumentsmeasures the total oxides of

nitrogen (NOx). By routing the gaseous sample around the convertor the NO2 is
not converted and the instrumentsmeasures only NO in the unconverted sample.

• By taking the difference between the concentrations of NO measured in both

modes([NOx]-[NO]),the concentrationof NO2 is established.

The convertormust be locatedprior to the water trap (which is employed

• in the CMS system to removewater, since the analyzer requiresdry clean sample

gas) In this manner water solubleNO2 is reduced to NO before the extraction
of water. A carbon converteris the most reliable and ruggedof those available.

Also, since the operating temperatureof carbon converter is low (IBO°F), no

0
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TABLE8-I. ANALYTICALPROCEDURES.

0
MEASUREDPARAMETER ANALYTICALPROCEDURE REFERENCE

' I i i Ii iii'ii' "ii

CombustionAir Pressuredifferential MeriamCatalog
Flowrate/Distribution acrosslaminarflow

elements

m
CombustionAir Thermocouple OmegaHandbook
Temperature

ExhaustGas
Composition:

• NO, NO2 Gas Phase TecoMode]10
Chemiluminescent OperatingManual
Analyzer

02 ParamagneticAnalysis TaylorOA 570
OperatingManual

0

CO, CO2 InfraredAnalysis AnaradAR 500
OperatingManual

SO2 UltravioletAnalysis DuPont400
OperatingManual

®

ExhaustGas Composition
(Continued)

" SO3 BariumPerchlorate EPA Method8
Titrationusinga
thorimindicator

0

N20 Gas Chromatography/ECD Geophys.Res. Ltrs.
(manualmethod) Vol 15, #12,May 1988
NondispersiveInfrared Siemens5E Operating
absorption(continuous Manual
method)

Q
Formaldehyde HPLC check-analyze CARB Method430

deriv.

NH3 SpecificIonElectrode EER HCN/NH_Procedure
8/83Rev. 2

• FurnaceGas Temperature SuctionPyrometer
IndustrialFlames,Vol
I, "Measurementsin
Flames"International
FlameResearch
Foundation

®
z i
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,p

oxidationof HCN and NH3 and reductionof N20 to No will occur insidethe

convertor,i.e, the convertoris selectiveonly towardNO2.0

B.2 _2Q

• ThemanualN20 samplesareanalyzedbygaschromatographyusingan electron
capturedetector. The gas chromatographis operatedwith an argon/5percent

methanecarriergas and separationis achievedusinga 2 m x 3 mm (o.d,)Porasil

B column. Resultsare presentedas N20 concentrationsin ppm by volume. The

methodiscalibratedby analyzingstandardmixturesof N20 inN2. Thecontinuousg
N20 analysismethodis nondispersiveinfraredabsorption.

8.3 NH3

• The NH3 sampleis analyzedby specificion electrodesimmediatelyafter
samplingto avoidcomplexationof cyanideionswith lead ions in the sample

solutions.An OrionModel95-10ammoniaelectrodeis firstused to detectNH3
afterthePHof the solutionhasbeenadjustedto 13 to converttheammoniumions

Q
to NH3 gas. Electricalpotentialsgeneratedwithin the electrodesare

proportionalto the NH3 concentrationsand aremeasuredwith an OrionModel901
DigitalAnalyzer. Calibrationcurvesare developedusingstandardsolutionsto

relateelectricalpotentialto speciesconcentrations.
Q

8.4 Formaldehvde

• Formaldehydemeasurementisbasedonhighperformanceliquidchromatography
(HPLC),with on ultraviolet(UV) absorptiondetectoroperated at 360 nm.

Separationis achievedby usinga C-18reversephase(RP)column(30in x 3.9 mn
=

ID). Analysiswil] be performedby an outsidelaboratory.

0

r

0
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9,0 DATA REDUCTION,VALIDATIONAND REPORTING

m
9.1 Dat_ Redqction, Va!,Idatlonand Repor_InqProcedures

Results of the measurementsin this programwi'llbe obtained from manual

calculationsusing the measurementdata. Figure 9-I shows the generalreportingO
scheme for each measurement from collection of raw data to validation and

reporting of results. Following the sampling and analysis portion of each

measurement,resultsare calculatedmanuallyforBach measurementusing equations

described below. The preliminaryresultsare then subjectedto an independentO
check to verify the following:

o Accuracy

• o Proper sampling and analyticalprocedures
o Representativeexperimentalcondition

Data obtained with improper sampling or analytical procedures,or under

non-representativeconditions are then invalidated if the results cannot be
'O

corrected. Results passing the checks are correlated with other results to

identify potential outliers. Results not correlatingwith existing data are

subjected to a double check of calculation and measurement procedures. The

• resultsare then subjectedto an outliertest using the Dixon criteria at the 5
percent significancelevel as describedin EPA-600/g-76-O05,"QualityAssurance

Handbookfor Air PollutionMeasurementSystems,Volume I, Principles",EPA, EMSC,

March 1976.

0

Measurementspassing the above checks are validatedand added to the data

base. Specificcriteria used to validate data are the following:

• I. Measurementperformedunder representativeexperimentalconditions.

2. Proper sampling and analyticalproceduresutilized.

_Q 3. All calculationsindependentlychecked.

9-I
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,,,, ii i i,l,i

Sampling

S and Analysis

/
_- - _ ii iiiii

Calculation
of

Q Results

Independent Check
of Calculations, S&A

• Procedures, and _ lnvaildate"Data']
Experimental

Condhions
--- i _j ._

" I,. _ [ DoubleChe:k' '' _
[ 'co.elateWlth I "_. _ Calculations, S&A d Invalidate Data ].
L_ Other Results ] '--_ Procedures and Exp, ."1

" ' / Conditions

. - j,

:0 ,, ,_

l,,,,_u_:'_°'1
_ _.

Q Reporting

Q Figure 9-I. Data reduction, validation, and reporting scheme.
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4, Data correlatewithin±2 standarddeviationwith existingdata,

• 5, Data not correlatingwith existingdatadon_tpassoutliertest,

Key individualsresponsiblefor data handlingare the same individuals

discussedin Section3.0, ProjectOrganizationand Responsibility,The Task
0

Managerswill be responsiblefor the collection,reduction,and validationof

data, The ProgramManagerwillbe responsibleforinsuringthatthemeasurements

fulfill the program objectives. The Quality Assurance Officer will be

responsibleforverifyingthatthespecificdatahandlingproceduresarefollowed
0

and thatthe resultsmeetthe validationcriteria,

9,2 EQuationsUsed I_0¢alculateResults

• Equationsused to calculateresultsfor each of the measurementsare

discussedbelow. Manyof theresultsareobtaineddirectlyfromthemeasurements

and thuswill not requirecalculations,

• I, Fuel F1owrate/Di ,$tri bqtion

Flue flowrate is obtained directly from the rotameter

Z. Combustlon_AirF1owrate/Distri_t ion

• Combustionair flowrateis read directlyfrom rotametersor is

calculatedfrompressuredropmeasuredacrosslaminarflowelements

basedon equations:

Q
Q = K (___P_)I/2

T

3. CombustionAir, Fuz.naceGas, and _haust Gas Temperature@

Q Temperaturesare measuredby thermocouplesand provideresultsin

unitsof degreescentigradewhichcan then be convertedto other

temperaturescales,as required.

Q
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4, ExhaustGas Composition- NO, NQ2___Q2,CO, C02__EQ2
Theabovegascompositionsaremeasuredaschartdivisionson a strip

• chart recorder, The measured divisions are converted to

concentration(ppmor %) basedon calibrationswith concentration

basedon the measuredoxygenconcentration,Figure9-2 showsan

exampleof theformandequationsusedto performthesecalculation,
g

5, _xh_qstGas ComDositlon:SQ3

SO3 resultsarodeterminedfromthe titrationof the collectedSO3
andthemeasuredgasvolume,Figure9-3showstheformandequations

• used to calculateSO3 results,

6, ExhaustGas Composition:N2_

N20 ismeasuredby electroncapturedetector,withdata obtainedas
• peak areasfrom an automaticintegrator,Resultsare convertedto

concentration(ppm)basedon a ratioof peakareasof the sampleto

a calibrationstandard.

• 7. In FurnaceNii3

NH3 is measured by specific ion electrodeswith results as

ppm, liquidbasedon calibrationstandards.Resultsare converted

to gas concentrationsusingthe formand equationsshownin Figure

• g-4.

8, Formaldehyde

Formaldehydeis measuredby highperformanceliquidChromatograph.

• Results are convertedto gas concentrationusing the form arid

equationsshownin Figure9-5,
l

9.3 DailyTableof Data and Results
Q

Figure9-6 showsthedailydatasheet. At theend of each dailytest all

the raw data such as naturalgas, air, sorbent,methanolflowrates,injection

temperatures,flue gas compositionand pollutantconcentrationsetc. will beI

9-4
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GAS CONCENTRATION CALCULATION

0
DATE: ............ PLAN'F: , , . ..... ,

_ _ i Iiiii ii i i iiJ : - 3TEST NO, .......... SAMPLING L.,OCAIItON,

TIME STARTED: DATA COLLECTED BY: ..._

0 , TIME ENDED', .............
, ,,i ,,I

NOx CO CO2 02
tj ,lull i, i i i ,11 ii i I , ,,,,,, ,,, ,, , , , ,,, , ill,

SPAN GAS CONCENTRATION, Gs ppnl ppm % %

• (ppm or %)
-i ,.. , i i , ..... | ii

INITIAL ZERO RESPONSE, ZI (DIv,)

li ,ii,,,, i n,i ,, ,, ,,,,L , , :: , , , ,,, , ii i i

O INITIAL SPAN RESPONSE, Sl (Dlv,)

__ ...... ±:_ ___ J,J t Jl_ Jt,, 1, ,1 . i , , t , ,, ,,,,,, , ,,, ,,, , ,

FINAL ZERO RESPONSE, Zf (Div,)
i li i i ii illl: s i lilllil

O FINAL SPAN RESPONSE, Sf (Div,)

i i iii iiii ii iii i iiii iiii i ii iii [i i [ I i i li iiii i iiiii :

AVG, ZERO RESPONSE, Zavg, (Dlv,)
= (Zt + Zf) / 2

ill i _ _._ i ii i li i t i i . i i

AVG, SPAN RESPONSE, Savg, (Div,)
=(Si+Sf)/2

__ i i i i i lie i li I I ii I I

• AVG, GAS RESPONSE, Davg, (Dtv,)
, , i,,r .... ,i i i , , i , i i ,

ACTLIAL GAS CONCENTRATION, Ga ppm ppm % %

(ppm or %) = (Davg - Zavg) * Gs / (Savg - Zavg)
_

O IIIIlilL ____J . I I I i li I I ilH ] '" "

GAS CONCENTRATION CORRE(.',I'ED TO i)Pm ppm % %

3% O2, Gc (ppm or %) = Ga* 18/(21-%O2)

, , , .. ,, , -

'0 Figure 9-2. Gas concentration calculation.
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FaciLity:BSF
Project:Con_iNOx
Page 1 of 3

input untts Data Data Data Data i

Date I

Test Number I
! I I !.................... ......... .........:......... ......... .........

• so_-_t I I

Sorbent inject temp deg F I

SoLution flow rate grams/min

X Sorbent tn soln _,_/w J
e,ll.glwweeeteel.lel. Jll.o..i_J.llilleUuleOeweel.alieee.ellallweldea_l j

M.wt of sorbent grm/g_l J

Methanol inject temp deg F j

MeOXSoln flow rate grams/rain 1

Q "''eeeemeeeea'e'eWeeleeew''''el'eeeeeaeele'em'eee'i'eee_eee'leeee''eee I

MeOH in soLn _/w
lialUl_illi.iOd_illllilli'imdlJm.qllililJiele.llqaJeSllSlliJJim.ililll

Natural gas flowrate %
emee_eeme.e_aaeeeee.|eeeeeeelalee.eeeeeemeeeaeieeeleeelee.eeleee.emwe.

Burnout,air Jnj.temp_ deg F

0 Burnout.air flow cfh
psi=

Atomization H2 flow cfb

psig

Reb.gas inj.temp deg F
0 Rel:_rnig gas flow cfh

Psig

Co_stion a_r flow scfm

02 baseline %v/v

NO baseline (NOi) ppm
NO2basel ine ppm

" CObeset ine ppm

02 sorbent _v/v

NOsorbent (Nor) ppm

NO2 sorbent PCm
CO sorbent ppm
Ilie_al=elleeleeeul=lileltie_li=.lmelil=jil_elileulllem=*eealilieleili

NH3 ppm
N20

S_ ppm

- For'w=Ldehyde pcm

Figure9-6. Dailytableof data and results.
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Faci l try:BSF
Project :combiWOx
Page 2 of 3

• .................................................. I......... I...... ""
CaLcuLated Units Data Data I Data j Data

Date

Tast,umber I I
li ................................... ............... I......... l .........

Sorbent flow rate granls/min 0 0 I oI o
.................................................. I ......... I .........
Sorbent flow rate :gn_oletmin ERR ERR I ERR I ERR

MeOH flow rate gmole/min 0 0 I 0 I 0
.................................................. I......... I.........

Burnout air flow scfrn 0 0 I 0 I 0
.................................................. I......... i .........
Total. |nput air scfm 0 0 I 0 I 0
.................... ' ......... ' ......... ' ......... I ......... I .........

• IAt_ization,Z _to. ,o_m o o i o l o
I ! ! I I I / I I I i ! I I i I q ! ! " I i I O I I ! ! I 1 I IW.--m_". JI I I ! I ! 1 ! _ ! I i I ! ! l _ ! I ! i I t ! ! I i t # ! i

Reburnig gas flow scfm 0 0 I 0 I 0

.................... ............................. !......... I.........
Combus1:tongas ftow scfm 0 0 I o I o

Total gas ft.ow SCflll 0 0 I 0 I 0

e .................................................... i ......... I.........
Totat gas flow lbmol/min 0 ERR I 0 I 0

.................................................. I......... I.........
TotnL 02 supplied Lbmotlmin 0 0 I 0 I 0

....... "" ........... '=" ....... ' .......... ''" ....... I ......... I .........

Total N2 sup_tied tl_aot/min 0 0 I 0 I 0

e .................................................. I......... I..........
Firing raCm _gtu/hr 0,000 I I

.................................................. I......... I-........

Figure 9-6. (Continued).

-ii
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FmcttJty:BSF
ProJect:CombtNOx

O Page 3 of 3

Flue gas Units Data Data Data Data
Theoretical

0 Date

Test Number

C02 tL'_oL/min 0 ERR 0 ERR

02 tbmoL/min 0 ERR 0 ERR

N2 LbmoL/mln 0 ERR 0 0

0 H20 Ibmol/mJn 0 ERR 0 ERR
NO Lbmot/min ERR ERR ERR ERR

Tot tbmot/mJn ERR ERR ERR ERR

C02 scfm 0 ERR 0 ERR
02 scfm 0 ERR 0 ERR
N2 " scfm 0 ERR 0 0

O H20 scfm 0 ERR 0 ERR
NO sefm ERR ERR ERR ERR

Tot _et scfm ERR ERR ERR ERR

Tot dry scfm ERR ERR ERR ERR
..lile.l.l.....ie...lllll.l.l'lmlillmel'illlelllll.ll'iltleletl.illt. WS

C02 %v/v,dry ERR ERR ERR ERR

02 %v/v,dry ERR ERR ERR ERR
N2 %v/v,dry ERR ERR ERR ERR

NO %v/v,dry 0 O 0 O

Tot dry %v/v,dry ERR ERR ERR ERR

Xsorbent/NOi moLe/moLe ERR ERR ERR ERR
.e.tml..lmlmlmmlllwwl.lliWlllql.lmmi..l+l.llllmmallllm+t,N.lllmWl*lll. I

O NOf/NOi _m/ppm ERR ERR ERR ERR
i.illtlli.+ill.,lll.lllSiilllmllimlllil.lllltlmllllllilllllllll.lllllmi

Nsorbet_t/Methanol mole/mole
_++l.lUmlllllillll.WllilltlUt.ll.lllltllllmllllWWel/ll.llli+t.lllltl]l

C_ts

O
l.llmllllllllmlllllllllll+ll.llllmltl.lll.mlll+lllllll.lllllllllmlllll

Figure9-6, (Continued).

i)
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loadedintoa Lotus123spreadsheet(asshownin Figure9-6). Anymissingdata

suchas NH3 slipconcentrationorN20concentrationthatrequireseitherinhouseQ
or outsideanalysiswill be recorded,as data becomesavailable.Also,each

giventestis indicatedby a dateanda testnumberwhichwill berecordedinthe

tableand the raw data log book for reference.Figure9-6 will progressively

developthroughoutthe test program.
II

g.4 Bi-weeklyReport

At the requestof DOE a reportwillbe submittedto DOE at the end of each

II two week reportingperiod. This bi-monthlyreportwill be presentedin the

formatgivenin Figure9-7.

II

II

I

O

II

Q
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Date:

Report No. :
Q Report Period:

CONTRACTTITLEAND NUMBER:

O
Development of advanced NO.control concepts for Coal-Fired Utility Boilers

Contract No. DE-AC22-90PCg0363.

• CONTRACTORNAME: Energyand EnvironmentalResearchCorporation18 Mason, Irvine, CA g2718

CONTRACTPERIOD: October1990 - October1992

0
I. CONTRACTOBJECTIVE:

2. TECHNICALAPPROACH:

3. CONTRACTSTATUS:

0

ACTIVITIES: Theseincludesan outlineof testsperformedduringthis

Q peri od.

SIGNIFICANTRESULTS: Resultsof abovetests,a briefdescriptionwith graphs

and tables(as required).

Q

PROBLEMS: Any problemsencountered,such as instrumentfailure,
etc..

Q CORRECTIVEACTIONS: Actions taken to remedy the problem or problems,
describedabove.

PLANS: Plansfor next reportingperiod/future.

Figure9-7. Bi-WeeklyReportFormat.
_in
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10.0 INTERNALQUALITYCONTROLCHECKSAND FREQUENCY

0

EERwillconductan internalqualitycontrolprogramwhichwill includethe

fnllowingitems:

• e Trainingprogram
o RoutineCalibrationsand Maintenance

o PeriodicQualityControlChecks

• The projectengineerwillconducta trainingprogramfor the engineersand

technicianswho will be responsiblefor data organization.This will include

review and discussionof the quality assuranceprogram plan and hands on

experiencewith all measurementsystems.

0

The engineers/techniciansresponsiblefor data collectionwill also be

responsiblefor routinecalibrationand maintenanceof all instrumentsand

measurementsystems.Specificcalibrationproceduresandfrequencyarediscussed

• in Sections7.0.

The projectengineerwill also administera programof qualitycontrol

checks. The followingsubsectiondiscussesthe type of checkswhichwill be

• conductedand subsection10.2 liststhe specificchecksand frequencyfor each

measurement.

I0.I Oualltv(;ontrQlCheckProcedures

e

The followingqualitycontrolcheckswill be used:

I. CalibrationStandardsand Devices

O

; - equipmentchecks

- reagents

- zero and spangases
e
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2. Quality Control Samples

6 - blanks

- spiked samples

- surrogatesamples

6 3. Replicates

4. ControlCharts

6 i0.1.1 G_llbratlonStandardsand Devices

Periodic equipment checks will be made to ensure that all measurement

systems are operationalwithin the manufacturer'sor QA specifications. This

6 will include direct inspectionof critical components such as probe tips for

damage.

All reagentsand other materialsused inevaluatingsamplecompositionwill

6 be checkedfor conformancewith requiredgrades and/oraccuracy. The EER chemist

will maintaina log of all reagents. The log will documentthe reagent supplier,

purchase date, composition, grade and accuracy, and expiration date. This

informationwill also be recorded on the reagent container. Prior to using

6 reagent,the chemistwill check the informationagainstthe specificrequirements

for its intendeduse. No reagentswill be used after the expirationdate. The

composition,concentration or other characteristicsof key reagents will be

checked independently.
6

Zero and span gases will be purchasedby a reputablesupplier'and certified

to be accuratewithin the QA requirements. A log will be maintaineddocumenting

each gas. The following informationwill be recorded:bottle number, reported

6 composition,gas supplier, purchase date and expiration date. Two levels of

accuracy for span gases will be used. For tests requiringconsistent data for

determinationof trends, span gases will be accurate to about ±5 percent. The

concentrationof each new span gas will be directly comparedwith old span gases
6

10-2
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to ensureconsistency.Fortestsrequiringdeterminationof absolutelevelsfor

standardsettingor similardatauses,the gaseswill meetthe EPA ProtocolandO
the overallgas measurementssystemaccuracywill be comparedto EPA reference
methods.

10.1.2 Ouality ControlSamDles
O

QualityControlsampleswill be usedon a blindand knownbasis. Blanks

are sampleswhichcontainnoneof thematerialto be measured. Examplesinclude

unusedfiltersand collectingsolutions.Spikedsamplesare sampleswhichareQ
assembledto containspecificand knownconcentrationsof the materialtc be

measured. Blindand spikedsampleswill be includedalongwith regularsamples

on a blindbasis. The technician/chemistconductingthe analysiswill not be

able to distinguishbetweenthesesamplesand normalsamples. He will reportO
theseresultsin the normalmanner.

Surrogatesamplesaresampleswhichhave been preparedto simulatereal

samplesbut whichdo not necessarilyhaveknowncomposition.SurrogatesamplesO
will be used to check-outthe performanceof some measurementsystemsafter

calibrationto confirmsatisfactoryoperation.The repeatabilityin measuring

the surrogatesamplesis one indexof precision.

®
10.1.3 Replicate_

Replicatesare redundantmeasurementswhere the test conditionsare

maintainedconstant. To establishinitialrepeatabilityof the measuremente
= methods,triplicatemeasurementswill be conductedat a baselinecondition,A

representativenumberof test conditionswill be repeatedfor all measurements

to establishthe overallrepeatabilityand precisionof the entireexperiment,

• not just specificmeasurementsystems.

Q
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i0.1.4 Contro!__Chart@

• Control charts will be preparedto includethe resultsof blind blank and

spiked samples,known surrogatesamples,and replicates. The controlchartswill

be used to provide an on-going indicationof precisionand accuracy. They will

also identify any degradation of the measurement systems or procedures
I

necessitatingcorrectiveaction,

10.2 SDecifJIc_heck_sandFreauencv

• TableI0-Iliststhespecificqualitycontrolchecksandfrequencyforeach
measurement,

0

0

0

0

0
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11,0 PREVENTIVEMAINTENANCE

Q Properequipmentisessentialto obtainqualitymeasurements,Duringthis

program EER will utilize our standardproceduresfor routine preventive

maintenanceand an inventoryof criticalsparepartsto insurequalitydata are

collectedandminimizea lossof datadueto equipmentmalfunctions.Tables11-I

• aI_dII-2 liststandardmaintenanceproceduresand criticalsparepartsfor the

measurementsystems, In additionto theseroutineprocedures,EER personnel

continuallymonitorequipmentperformanceto detectand allowcorrectionof

equipmentproblems,
e

0

O

O

0

O
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TABLE11-I, PREVENTIVEMAINTENANCEPROCEDURES,

iP, , 1I I ....EQU T PROC
ii r ! I"I i

CONTINUOUSMONITOR!NGINSTRUMENTATION!.............................. _ __ ,,

Calibration Gases Verify Pressure >,I,00 Daily
psig

• Instrument Operating Verify to Daily
Conditions Manufacturer's

Specifications

Leak Check Sample Vacuumand Pressure Daily
• System ComponentCheck

Clean Probe Filter Tips Reverse Gas Purge with Daily
CompressedAir

Sample Probes Balance Sample Flow in Daily
Q each Probe

Filters Change Weekly,or as required

SampleFlowrate VerifyConstant Daily

• SystemVacuum/Pressure VerifyConstant Daily

Heaterand Chiller VerifyWithin Daily
Temperatures Specifications

• _Vacuum PumpOil Change Mont.hly

MANUALSAMPLINGEQUIPMENT __......-_.................. -_

SampleSystem Leak Check Beforeand After Each
Test Run

• SampleNozzle Inspectfor Damage Daily
Measure Beforeand After Each

Test Run

Pitot Inspectfor Damage _ _ _____.__....._Dail._._L___

0

0
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TABLE11-I. (Continued)

®

EQUIPMENT PROCEDURE FREQUENCY
i illlll

PumpOil Level Check Daily
Change SemiannualIy

0
Manometer InspectFluidfor Daily

Contamination

Samplelines, Inspectfor Kinks, Weekly
ElectricalLines, Wear, Shorts

0 ThermocoupleLines

Meter Calibrate Beforeand Aftereach
Test Series

Clean and Inspect Semiannually
0

Pump Inspect SemiannualIy

All Compo='Jents Clean Weekly,,or as Required

6 LABORATORYEQUIPMENT

Balances CalibrationCheck Daily
Serviceand Calibration Semiannually
by Manufacturer

• Instrumentation ServiceCombustors, As Specifiedby
Scrubbers,FiIters, Manufacturer
Columns

I
]

0

0

O
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TABLE11-2. CRITICALSPAREPARTS.

Q

ContinuousMonitoring ManualSampling Laboratory
• Instrumentation Equipment Equipmenti i i

Filters SamplePump Reagents

ProbeFilterFrits Nozzles GC Columns

Q SamplePump Pump Oil Glassware

Pump Valves,Diaphragm ManometerOil InstrumentSpareParts:
Combustion Tubes

Back PressureRegu- Fuses Filters
lator ScrubbersI

NOxSampleCapillary GlassProbeLiners

InfraredSampleCells Nozzle"0" Rings

• Valves,Flowmeters SampleFilters

Misc.Tubingand Thermocouplesand
Fittings Lead Wire

Glassware
Q

Reagents

Q

0

=

_: 11-4
®



D

12.0 QUALITYASSURANCEREPORTSTO MANAGEMENT

O

I The projectengineerwill be responsiblefor preparingthe following
qualityassurancereports:

• e QualityAssuranceProgramPlan
e QuarterlyQualityAssuranceReports

s FinalQualityAssuranceReport

• Within150d)ysafterprojectinitiation,theprojectengineerwillprepare
RevisionI to this QualityAssurancePlan and submitit to DOE. In the event

thatthequalityassurancegoalsand/orrequirementsforthisprogramchange,the

QualityAssuranceOfficerwill reviewsubsequentrevisionsto the plan priorto

submissionto the DOE programofficer.e

The QualityAssuranceOfficerwill monitorQA/QCactivitiesand prepare

briefquarterlyreportssummarizingthe following:

I
I. Percentageof duplicationor replicationof determinations.

2. Instrumentor equipmentdowntime.

0
3. Percentageof voidedsamplesversustotalsamples.

4. Qualitycosts(prevention,appraisal,and correctioncosts).

O

5. Interlaboratorytestresultsand,whereapplicable,intralaboratory
z

test results(precisionand accuracy).

z

Q 6. Statusof solutionsto majorqualityproblems.

To minimizeerrorsin transmission,translationand interpretation,the

z data in thesereportswill be obtainedfrom sourcedocumentswhereverpossible.

• The data will be presentedin a precise and simple format so that QA/QC i

z
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performancefor the quartercan be directlycomparedwith previousperformance

and programQA/QCrequirementsas specifiedin the QualityAssuranceProject

• Plan. The quarterlyreportswillbe submittedto theEERProgramManagerandthe

EPA ProjectOfficer.

At the completionof the program,a FinalQualityAssuranceReportwill be

• preparedas part of the ProgramFinal Report. lt will includethe same

informationas the quarterlyreports,but will applyto the entireprogram.

®
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®
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