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q%ﬁ' 2.FERCo * FJ Hot Foil ® LOI =-===mmm e 16
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q%' 4. FERCo v MCDA (Multipoint Combustion Dlagnostlcs Analyzer)---- 18
q%,‘,lS .FERCo [IVFZEA="Hi 2" (Mobile Laboratories) ------------------------- 18
[fi 6.FERCo [y MCDA [ (F= kit Eﬁ?ﬂgﬂ‘ﬁ)“l —————————————————————— 19
q\?ﬁ' 7. FERCo 4. In Situ Catalyst Activity Monitor ----------=--=-=--=-=--=------ 20
H%‘I' 8.FERCo 1H4ifiv Catalyst Management Software ----------------==-==----- 21
q@sﬂ' 9. ﬁﬁ"}ﬁg_ﬁ“ﬁkw ( "ﬁ%ﬁ')ﬂ‘:‘az&fﬂl&(m H‘Eﬂl) /}TI%“E&}'IJJ 7] 'r'J ------------------- 22
: FERCO hjﬁ ﬁiﬁl% ( AIG Tunning , SCR Process,etc.) -------------- 23
Ea‘[' 11. FERCo hjﬁf LA ERAEL = (Cold Flow Modeling) -------------======------ 24
q%ﬁ' 12. EPRI %7 2003 =+ ﬁfﬁ' a1 &“@f&h {(Coal Flow Loop) -------------------- 25
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Q%ﬁ' 14. EPRI i~ Coal Flow Loop €f &A‘(PhaseZ) ----------------------------------- 26
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. FERCo [V &8 VSt = B2 ik i+

% FERCo * fil(Fossil Energy Research Corporation, USA) F11984 F 5y I
FlI5f4#5 Richard E. Thompson 1'%14 ([ﬁ' )i”“?l Pﬁ?ﬁ, fill Fﬁ@(ﬁ?”ﬁ*‘z"“fﬁ[fﬁ HOFEL -
i A% EPRT Il mnﬁﬁxﬁﬁé 5*9‘:%&%“?&'”1%%*{15@5%&) Rl
N Rl B2 ﬁ?ﬁ’v@%‘%ﬁ[y? L["EJ 2 e ,ﬁ:gmm H]y F:J’;{' f[ IR ”;;i,’ﬁiﬁ(;%;j] [/,’ﬁ
IR A G R 2 S EFL{ Fq G T R PR
T R R N

<FERCo i< ‘/ir'E&&ﬁfFﬁFﬁ%’ﬁcl >
Founded: 1984

Focus: Engineering Services in Combustion and Emissions Control, Primarily

within the Utility Industry

Experience:
Most of the senior staff has been working on NOx control since the
early 1970" s
Hands on experience in field and laboratory studies, as well as
systems evaluations
Combustion Instrumentation

Staff Composition.
11 Engineers(l Ph.D., 6 MS, 4 BS)

2 Technicians
2 Office Management/Accounting

WHAT FERCo ARE

“Hands-On” field test and laboratory/pilot-scale development engineers
Involved in commercialization of new control technologies
Sensitive to customer operational concerns
Problem solvers, not problem perpetuators
+ Expert in NOx control, combustion
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WHAT FERCo ARE NOT

* Owned by, or a shareholder in, any equipment manufacturer
+ Research scientists insensitive to facility operating constraints and

schedules

E [ id PRI =50, %11 Richard E. Thompson T B
FilFE SRS = 4 (FERCo Capabilities and Experience, Sep28,2007),™" 53 |4 #H ITEJJ E 4 k A
Gary H.Shiomoto F17 = FE SR S P ieea dr %‘fﬁzﬂ/ﬁlrﬁiﬁu B I [FIIFE[F
(AR SR S BT f%ﬂﬁ'ﬁﬁﬁfﬁ’ﬁ@ﬁ o ETHIRE bf[lgfi E} Jessica M.
Muncy 1 = 76 TS ;ﬁiﬁrﬂ%lfﬁflﬁ SN IR #Hﬁggﬁl[ﬂ, TSP ;FE[FTJ
‘?EU%?[’%%@FE s )R AR T AT "ﬁiﬂ%ﬂ? = RIS

1. FERCo fi J;e'f SRR

pil?}}ﬁjj\quxjgﬁ;i [‘Dr:tl%ﬁ’ﬁ?@mf%?“ﬁ%:% F,%Z%ﬁ’%?i%ﬂ RS E e
“iﬁ%é‘éﬁﬁ%%ﬁ%@ﬁﬁ PRSP o R PR~ d SRR IR R

Y

—

g [PEl -~ e @Um%ﬁﬁ YRR LS S «,p#f«,gmj il
et ﬁ%‘ﬁ%% - Itrﬁzrfw RUFL R TATRER T 23 S
e o A Gl Y mrf:&ﬂ E[sr_F ' P[,ﬂ\[gylf ggr%?:qﬂ/_gmsu B*Tj\ %
PARAR iR 2y ItJ/’ﬁJrﬁﬂj[F[J:

a3 % (™ (Combustion Optimization)

Gas: More than 75 Units Tested
Oil:  More than 20 Units Tested
Coal: More than 100 Units Tested

b 32 MR F Y 57 4 (SCR NOX Control)
Laboratory Research: 4 Major Studies

Pilot Scale R&D: 5 Major Projects

Mint SCR Reactors: 7 Systems 1n Service

Cold Flow Modeling:  Over 20 Projects

Process Design: 3 Major Projects



Full Scale Optimization/Warranty Testing:  Over 20 Units Tested

c. AR [P (System-Wide Studies) 41

System-Wide NOx Strategy Models: 10 Major Studies

( PG&E, SDG&E, HL&P, LCRA, City of San Antonio, BASF, TXU, Entergy, Reliant Energy
(California Operations), LADWP )

d.EE ﬁfﬁ%ﬁiﬁ@?ﬁﬁﬂ/ AR ['“‘fV’J}Zﬁ’Iﬁ?H(SNCR NOx Control)

Laboratory Research: & Major Projects
Cold Flow Modeling/CFD: 7 Major Projects

Full-Scale Optimization: Over 16 Major Projects

e.?EUf%‘sa?ﬁﬁ N4 {%E?Jrﬁ!ilﬁ(Hardware Design-Fabrication)
Mobile Laboratories (ﬁ%\‘ 5)

Multipoint Combustion Diagnostics Analyzer ([ﬁ[ 4~$ﬁ' 0)
Hot Foil LOI (ﬁ%ﬂ‘ 2)

Hot Foil Coking Index

Mini SCR Reactor Systems

Laboratory R&D Experiments (q?ﬂ' 10, E&ﬁ‘ 11)

R fﬁ&}fyﬁuc'f : 1 (Pulverizer Performance Improvements)

More than 50 Units Tested

2. FERCo Elfj%ﬁéﬁ;’éﬁ%%@ﬁfﬁtﬁ%ﬂﬁ
’*F\[ IF“I*E“[? =R AT R SRR [ T IR FERCo 2+ il 4 romi e oot S i
IS EIF’}VSK'H,,EISFF i EJ‘FFTFI@ V5L IW@!W%J}T'%W?TIE i Eaae=tata
IR R 5ok s [
® EMGE L['Fp[hﬂ V2 L F T (DAP / Reverse Impact Tpye [ROEIRE 2ie SO 1
— ¥ 2% (Clean Air Test or Dirty Air Test)ifglffl 53 #rf =0 7% ;{r‘**’ BN
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T fEl B ASTM/ASME I E R s o3 e e (R ) 7 ) AP RV IR
CRIE DTS AR Y SRR SR AR R R -

® 7] GE Jfilel it ok G BRI RotorProbe((jl 16) ik H2fissi 4 4!
(R BS54 ) {7 (B 2H 4% (Roping Effect), [ 1S09931 P i
7 SR VAR BRI Snapshot TEED[ 1 H VAR ET B SR L
PN PG 5 TR R -

® [RICHARN] 1S09931 WA L 5 S BV I E| VA=)
FR7 ASTM/ASME 585 1 ST B H 20 5 41 353 v
FH G T IR RS RS S o) [ AT R -
)RV I TR SRR SRR A L ST R T

Bropi fr A fl’%?[';ﬂr”%f:(Air/Fuel Ratio) ~ = - B B &l ) ) (Primary Air

Distribution) ~ %2 S e giA%p (Dirty Air Velocity) ~ ¥ % AF1 % (Coal Finess)

33 )~ RS AT WAL A (Coal Pipe Flow)ss 57 [ F] o~ 4o v

A Sk 53 PR BB 5T P SR O 1) S e

®  FERCo pIih 2003 & [ifffid [ MIC (USA)* il Vg3 iy BRI B,
i [ & S5t P B oty L 50554503 TIP3 (I o - sy
FIRESSHE ~ B SRR T AT B TR S AL R T T (e
22)

b. o B ER

® FERCofmt WV #E=" g &% (Mobile Laboratoriesﬁ%ﬂ' 5 B %%U’j’%f;—}/)ﬁm} Mrige
(MCDA/ Multipoint Combustion Diagnostics Analyzerqﬁsﬁ‘ 4) Fgf L™ Y R
[ E 0 505 (5N ~ COZEORE N ERRa R Y €| S S Nset = i
R Flﬂ%&rﬂk’/ ﬁgﬁiﬁ?j"vg%asr%l ZRET (B

®  FERCOT .V A 8T 76 (Hot Foil © LOI 2) @R & it s
PR 56 TR B o N5 7 ) LODBERLB R 3 A SR S0 -
T SRS R T -

3. BVISN 4 5T FTE, (Hot Foil ® LOIj 2)

FERCo  Fil FifPai /I - i (LOD) 73 A7 B ERESREA S - 5% T B B
FIERH | BARS B VS T 7 BRI BT B E R A R 04
FIRIR PR FAR, AT 05 5 I PR AR P T T R T
PR AR ™ R -



7 IR AR B RLER P [y 2 R B RO [
i E”Iffliiﬁ,mj(:’]é‘?'ﬁ R ARG TR SN RV g

a A IV » A9 10min~20min ' I 55 G LOT Bese -
b.ﬁﬂﬁ*%i‘h‘z\’ff SRR fr AR ETRT - B LOL il -
I ;«%;FFF,J Ml EE 100 me~120mg AT HE
d. [ I"B’%Ef"riﬁl’ﬁl > SR O R e e P =R
e. [ R RS N B R £ S L
fERE = ASTM %Jﬁﬁ'[ﬁﬁ/ LOI £ e o

R S IR R 5 TR B LOTRRIE - i il 7 e P O
W’W“mg LR PRl ESHIEEE R R SR ﬁﬁfﬁiﬁw ’ 'E%[fﬁﬁj
J}f“fﬁu,ﬁ SiNEr% fesrtd| E'Sﬁ e /ﬁ %1‘2 Fr- EFERCo [/Hot Foil ® LOI 5547
BRAN I

4, LIRSS T PR MCDA (Multipoint Combustion Diagnostics Analyzer)

LRV BT 1R MCDA (' 6)8% FERCo ** filbd— “Fii| 35 1 S 8]
AFIIER > PR g ks 05 IR ML I SRIF IR AT R AT I
i;;&;wf_iﬁij AR ol R &ﬂ%ﬁ?qaj M o

PR (R 505 P RS (Traditional CEM Instruments) 851 ZEU&PF” &SIV
[ R P SE R 2, B R D AMin = E B VIR Y 24 BT
[ 96Min I'f b= Sl P B i i ) i = T P A= U F S PR R

FERCoV fzgﬁ HREEZ SR (MCDA ) [IRHIPESES%NO ~ COZ0.= *Ef, Bl
A VESEETY SRR A2 TR VIR A5 12Min R o 8 24 RV
?EU,T’E'?‘ IR R B VR A 20 PR RS AR

» PR IR R ﬁf&‘;”w"g’é&p[ S SIVERR BT S B
TR | VA S GIUR 0 ) I R RS S AR B R R
el | R FIRER PR I AR At Y BB
S VY EGEEIIMOOS AR ~ = WREIT r%t%*)
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PRI F%J%J';}*i i DU T AN R ﬁlﬁéﬁ?ﬂelwﬂ&f@@?[ﬁsﬂﬁfﬁﬁ"ﬁr
1 AR

a. ﬂ}‘ﬁ}_{ﬁ:*}}}if{}uﬁ‘[ "t Jﬁ%qﬁﬂﬁ

b. 5 Dirty AirE IV 4B

c¢. ASMEBZXIVESFZISO RotorProbeVEQF iy H ./ f%
d. %‘%yﬁj ST g Bl ERLYED

e. i/[[lfh ' BRSO B ATIRVER ?

f g (;ﬁfjxgl—:r%*ﬂ,ﬁ ¥z isr’[ﬂ:F[ ,—'R!’:‘}?fj =9

g BT BT EEE R AN S, "F‘%iﬁl[ﬁk?

h. A5 SRl A R B AR e [

IR B A

1.~ 72 % (Clean Air)S=8E42 % (Dirty AinjhE!l V£

AT B ST SRS 4 31V TR — %K Clean ain) (757 7)) W:‘Zi“'

KETRERE =T VY 2 B (%FE%L Two-phase flow) » BB FAT B U= S0

£ (Dirty air) ﬁ[P”J £ e

P = 78 OB S (C-E, B&W, E-W) B ERENFIR 7 » A 1 fé’ﬁ"ﬁ‘fﬂzﬂf %
EOE S B (Dirty ain) T > — %2 50 (Clean ain) ™ BFVARH - FE oS0l | ISR R EY

VST SR AT R 2 5 Clean ar) ™ BRSSO AR

“5ifBl (Dirty ain " BRGNS R o

IO Tl R 5 7= KNG VPR s 4 s S P e
BT A R o 5 dirty ain) R -
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2. “ASME/ASTMZISO RotorProbe” #o%% ZVAsE.

R SR IVER, F EEL SRR I ISR S DT ATV JASME/ASTM
EINE D 2 N il 1 (ﬁﬁﬁ’ﬁq@ )T S ¥ 907 Ry l’[ﬁ'?W‘%?“?ﬁ% 2N
[ AR [ 1 2VARS IR FVRC R U N QF&W%%F, DET VAT 0T T
B RE 5T f’ﬁﬁﬁﬂ-—iﬁ?{éﬁ%@oal Roping) [ﬁ[l8 " TR

’ri’pﬁﬁ%%ﬁéﬁ i A [ SV R (Ex: Tsokinetic sampling =*High Recovery
Sampling) EHH TR STV A 1 BYA%(200Meshfss 22 pr = )41 8% "] 1=+ Fl i~ ASME/ASTM
Methodsa 32 Py FETRMES SR SV ARE=10 fl AF BVT (8 53 &1 55 f7(Coal Roping ) Ipd SR
S A N 5 Q00MeshA Skt =7 ) E A 9% F ‘I‘?jﬂ}d’éf oo

ISO9931 (International Standards Organization) Method [~ RotorProbe( Q%ﬂ 7)™ Jﬁ“’ﬁ [4{
Wﬁ“ﬁ“’ﬁ@#@ﬁ,%ﬁfﬁéﬁ A A R R B VAT R g e

RotorProbe VI Bl [ [hyser o[ B 53 T | VBB [k S B
PURIS! Uk LG RS SRR RS ST TR R SRR 5T T pofk 2
L = RN T ER H B Sl ST RV AR (Isokinetic extraction rate) fill 95 %
APV RIS R o F{S“iﬁf%}ﬂiﬁﬂlﬁ@ RS B = ETEE ?V?F?Tiﬁ\ﬂj(ﬁ (]I 'F'J“:T%'ﬁ‘j Fcoal
roping)¥& H']1SO RotorProbe T?f (B FRH | ASME/ASTM (q‘%)' 19).

3BT R TEE?F%‘;VJZ*J AVEHE

RN VR TR S B = Al (5 I'“‘F%ﬁ [ (! 23)

> IS = (KA xﬁjﬁj’fe‘fiﬁ TRV s S B R e T g ’[‘?{{ﬁj

Il T F??gff LR ol O fed PRI 18 e PR TS fRUR] v (6
Jigg (5 R S B B R R TSRS T VP g

N ZRISE (RS [ PYINEEES (Low-NOX burner) iUy ﬁ Fol Tt el ﬁ*ﬁﬁi’ﬁé‘ il
%Q%T”J‘Ff“ /- 10% » s R B HL i@ﬁlgﬁjﬁ*‘[‘? * [H B b A
TEAN ) ﬁ?ﬁ?&?mﬂ/ e oo 25 & ]"F.J;‘;i @ﬁjﬁ{ﬁ'\ +-20%) | _FH %ﬁ{ﬁ%-l—/— 38% (H‘?ﬁl
22) > VR i R 5 5 F'Uﬁﬂ%ﬁgﬂﬁ’ wp ?J%ﬂﬁ IS o 238 (air/fuel ratio)
s P“Lpﬂﬂﬁj ’F’T EXEIRE E- =2 S R T e e i UG K s e
H ol VR e T i R B T

2,0 1R
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G IE‘ PRSI T AR 2 AR ARV TR O A PR 2 RERSTS HREAT
= =5 ff?ﬂ JE'[Hrp 1R ORGSR 1T IR o SRR 24) o 7]
[B”JL* et 77 " (Fixed Orlflce)ﬂﬁ 7] SUE e R RS AR R T fgl?j"’»;ﬁ%ﬁg’r
EUES: *JP'J""*F 3@;‘:{:&;@3&;} I RO B I | b BRI
TSR] “f r%‘, AN (Adjustable Ofifice)

AN pf—f*‘ TS '—ﬁiﬁﬂﬁlﬁl“ f’HE SlGLeE ?FULE&%;}ET LSBT S [
fEEL RTINS S R R RER R ITE '““E'fp [ for ot “’E‘%E'Jﬁiﬁuﬁg%%z%
SRELT e EIE TR ERART o BER SR S  p t SER Sa R R
T BRI = (Real-time coal flow measurement systems), [l {5 ZE 0 =] Eﬁuﬂ%ﬁij S fEves 1

KRl BRI BRSO 9931 RotorProbe) o & 7 F RS FER S | 17 -

_L

=. 3‘\[53“ ) W“]EIE(EPRDTE'F%W
= R W PRSI fl’?(EPRDszi' 'lfJEJJ % %2E(Richard M. Himes)ﬁﬂﬁ]‘
E“Ef’i J#5% & “Coal Flow Loop PR " V:E40T (Program 71—Combustion
performance and NOx Control [* JFIE U ERED F“ oot R EEIB VLY

1. FJJJ & v

ir.}%"% FPEIEL” P71.004:Measurement and Control of Coal and Air Flow” JF=FIFF &
H R T PR ST HTA(Coal Flow Loop)! L SEF G, j;.c]‘ Fﬁ%ﬁ"*”ﬁ % E1H(Coal Measurement)
PS5 El ﬂﬁ‘ [l(Coal Flow Control) & 2 & &1 &l (EUEI lﬁ[(Alr Flow Measurement Assessments)
SR

2. Yt

AP VR R IR RS ST TR 28 (Air/Fuel Ratio)/ f‘@[’“‘ﬁ@?ﬁ&
YA SIS L i 5 (Boiler Efficiency) ~ JR7F %i(LODﬁE'I B TPINOX)
PRIEIR™ ~ $3%55) 115 % (Coal Pipe Plugging) =8Py fR7E0 B i ™ A0Sl
W R s fEe H a i

3. o HERALR!
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SR S PR I (Coal Flow Loop) ) i A Fl LR 1 HIRVP A, LK o 1k
=) ﬁ?“[i@’!‘ﬁ BEN 3= lgijzlﬁlig,b}}iy} VRS Iﬁ\#ﬁ S A O L’E‘E};{kﬁd
Fﬁl%’?‘yﬁ@ﬂ?@@ﬁl\iiﬁﬁ‘% (Variable Two Phase Flow) ~ ffi " J\E?FUEW?.? "% (Numerous
Coal Pipe Configurations in use) ~ = F % 1/ f%U?‘i(Erosive Environment) ~ A¥EENHRNE S E]
j%ﬁiﬁU(Standard Methodologies Have Limitations) ~ Zh3 ¥ & FIEFH Jufei T~ (Labor
Intensive Field Test Programs Required) ~ #I[3 + E1HJFEE (Difficulty With Estabishing
Measurement Error)3™ o

S B RS B EPRL 3 = 4SBT RVOF IR (Livonia,Michigan
LUSA)E T Hr ﬁ“%ffﬁ[’ /e ITJI?[ (EPRI Coal Flow Loop)%fﬁl'f/['ﬁ%\[ 12 A= 5 2003 F SR fF'l
T BT = ST SRR (B A fﬂﬂjﬁ%“&aﬁ}ii}b T R
FIRIEF R - F:?(«EJ’F'JIU' SV VR EE = R D

4. FFEFPRICH
a. [~ B EIH(Phase 1:Measurement of Pulverized Coal)” (' 13)

GESEFE VR ETF PO R DRI B = CEE IH VAR (Extractive Sampling) &) &
ASME ~ Rotorprobe <7, Kb R ~ 114555 4 ZEA[R IR AT SOy SR ~ < [ S5Y%%
b= ZEEL T B (Insitu Methods) & r[f%ﬁ’i[r(l\/hcrowave) fﬁﬁﬁu’ (Electrostatic) %
Hii(Acroustic) ~ A ZF(Optical) " e AT TIHEEV PRS2 ﬁ TEEU L
IR e J\lﬁr‘jE?prm?‘fﬁJ‘?W VR TIIRCEE RS £

b. BT “BEWE ?Ifl‘[[(Phase 2: Coal Flow Control)” ([ 14)

PR AT Y B W RS R H P jjﬁ (i PR B AT N SR D Sy
?lﬁgﬁj foe, T 2R R LB IN'J'A‘%E‘{/&%‘%%} S BT ST B (Splitters) z}ﬁ%’é

(Rifflers)™! ST 7% | P2 1181 R0 OO0 7 [ USRS L1 iRl 5T 3, 7 %
T YRR S A PSRBT R e

5. PR R
o MR- 7 RE EN(Phase 1:Measurement of Pulverized Coal)” ™ If 12005 & &=1F
ﬁ'?%ﬁffﬁv ([ A 35 = Y B

® iy FV*“E' Ik '/F &1 (BEvaluation of Extractive Measurement Methodologies
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1010319--Final Report--2005)

O BISUMEI L ML e EE IFL‘ (Assessment of On-line Coal Flow Measurement

Technologies 1012640-- Fmal Report--2006)
® iy ué‘ééﬁib =l ]FL‘ (Assessment of Splitter Devices 1012641—Tech Update -- 2006)
® SRR AR 7v 7] Tﬁ#ﬁ (Assessment of Two-Way Splitter and Rifflers 1014162—In

Publication)

TR RER EH ' ll(Phase 2: Coal Flow Control)” HEELE T IESHIL fo i,
PR T SRR T I (Two-Way Splitters) R - HERIE /R 7 [ A
I = 2 S g (Alr Velocity) ~ Bo% gl EH(Coal Loading) ~ 1] VAR S (Inlet
Coal Concentration); .} 9} WFE’—T ['F“ F@Eﬁ%ﬁjﬂ%fﬁ N fé*rﬁﬁ‘lﬁ,v[lﬁfj?l'?ﬂ%fg%' (Preconditioners) ~ f’
r%‘?“ AT H8 (Adjustable Orifices) ~ f’ r%f?“ 73 728 (Adjustable Rifflers)= o

9 = Hi  FRIVE
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5 [ FERCo * fil(Fossil Energy Research Corporation, USA), 11984 = Ryt J‘Wé,l‘lf]%f*

W STINGE SLf) Fh EPRI ol WU A [y o e P ) R0
L %“Fi S SRR I AR AT S 23 Y AR R
VR RE SR S R T A L IR, T Tl X B A

%’iﬁ% V2 Pt T I ) R R A T S R

]EJ/ Iﬁu 1©

R SRS 2 TR ﬁ.ﬁ'ﬂ‘ﬁ; A B (R 2 SVIREE (Lo-NOx Burner) &,?[1’@@

;ﬂ:ﬂ#ﬁ"d?f B S B '/ﬁﬂ‘ 94 F R 06 F R TR =R A RS
G 580 3 ﬁ'?%&?ﬁﬂ%?ﬁ_ DT kS TR S s
i i rup(mﬂ\)*ﬁ L S T
AR R N R Y A L) P A

AT L R

1 = T;T' TRt () = ?f R e %*’T&zfl J PIFLO® % #k ([ PROMECON

Elif e * 0 RO OGS AR IS OB ﬁbﬁk’fi”ﬁ) [ B EPRIGGOH

B PN R 55 " Coal Flow Loop # RAE(E! ™l , 70 B B 0 57—
RIS S R S TR Ee N = DN "F U VAR U = e ¥

S WPV HIDRL OY = R AT TR S B 05 [ A ED L 7
7 SPR s R A ) R O A ol R 1S EPRI W 4

B Y (ORISR 2RI R PO R S T @ A ]
P R BRAE T AR RS Y $j‘ BRI

—g
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Fossil Energy Research Corp.

ﬁ%ﬁ'l.FERCO N F{J(ﬁ?i%?Richard E. Thompsom‘ﬁij )

-

-

qﬁaﬂZ.FERCO N ﬁj Hot Foil ® LOI

16



Q%% % Thermoflow,Inc. (Boston, USA)1~W’3T—F:~]‘

CH ] SRR 225 )

Eyljfjﬁ[—{
(™ ﬁl)* F'JE VA ﬁ@&lﬁqfﬁ#
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Real Time Multipoint NO, O,, CO Analyzer

|\ 4T

p————
=]—]|—R1

] ] ]
R S — |
LI R — |
B v — |

L fal

%'5 .FERCo pvF2g=V k@' (Mobile Laboratories )
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d L N
B !IHHHIIEMI'
FPRETI TN

KUEVEY)
JVEEE:
} - ‘ o .
\ P
\ s g
\ 47
FERCo ‘. >
call
Traditional Point-hy-Point MCDA
96 points x 2-3 minutes/point = 96 points x 3 min/12 pts =
4-5 hours 40 minutes
[Fi'6.FERCo [IIMCDAI %P E 0 R = 5
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il

E

o

[ji’7. FERCo [u. In Situ Catalyst Activity Monitor,

including:
-Stationary NEMA 4 enclosure housing multi-position sampling valves
-Portable “cart” housing gas analysis instrumentation and control system
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V _ad
Caialyst Layout

1

Unit Data

SCR Data

Catalyst Data

ct%rs ‘
Economic Factors

tages

Capacity Factors

i

Catalyst Deactivation

N

Easy-to-Use Input Templates:

Catalyst Data Planned Outages

Catalyst Layout

0
(3
T 000

8

SCR Data Deactivation

Decision-Based Outputs:

1mEn Replacement Cost Summaries

Outage Schedules

NOx Removal and NH3 Slip

] -

]

]

LLd]

i
L

| B
=[]

Lifetime Reactor Potential

Q%\'S.FERCO ?F'JIE;“EE?J Catalyst Management Software
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Test 01 - 803 MWn, H Mill OOS, As-Found Baseline
6/24/07 18:04- 18:17

Excess Oxygen, 2.38 % (dry)

.B' 12F T T T \ T T T T 1\ T \ x\ \ T T T
k. “\’ \ > /%‘“\ O 3)sls/s E
)
g K} / -
1 LT </ i /\ - / i )
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South Economizer Duct Width, North

CO, 1779 ppm
T T T T T

i
N
T

Bottom Duct Depth, Top
Yy o]
T T
N e
[ ——400—]
) |

South Economizer Duct Width, North

NOc, 181 ppmc / 0.246 Ib/mmBtu

'& 12F T T T T I \ ‘ / T T T \T \ T \ I [ T T ( T L
§ 25 g 88 2 3 £ 2 3 3 3
o R g 88 8 R X 3 & € 8 % N i
g a- X \ ’§/\’ . ) - \ / & _
g o L L L L L L L ‘1\)1 L L L L L
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
South Economizer Duct Width, North

Test 32a - 831 MWn, 882 MWg, No O2 Bias, E Mill OOS
OFA = 372 kp/corner, OFA Swirl Max, Inner Min, Checkerboard +1R1=100%
7/06/07 17:41 - 17:59

Excess Oxygen 2.8 % (dry)

TN, o/
Gx\ 3.0 ‘.\/"—‘

5 10 15 20 25 30 35 40
South Economizer Duct Width, North

Bottam Dut Depthy, Top
B
® N
T T
-~
B

CO, 217 ppm
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“400 * 200 h K’_\
/ / 400 \ \ g
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B
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T
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South Economizer Duct Width, North

g NOc, 157 ppmc / 0.214 Ib/mmBtu
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L.Il'

q;%ﬁ'lo. FERCo ‘{ﬁiﬁh%ﬁjﬁ{?— ( AIG Tunning , SCR Process,etc.)
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H1481=1 (Cold Flow Modeling)

itz

i

q%‘\lll.FERCO
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EPRI Coal Flow Loop

Coal In-Fead

ﬁ%[llz .EPRI#*~2003 = ;Li‘fgl'j/ Eﬁ'&?%ffﬁ{(Coal Flow Loop)
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%'13 .EPRI puCoal Flow Loop#ff&(Phasel)

ﬁ%ﬂl4 .EPRI puCoal Flow Loop#ffe(Phase2)
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415 .EPRI [fuCoal Flow Loop &Lt
(™ [ e PEIETR er R L 49)
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Dirty Air Velocity Probe (DAP)
MR E BRI

ASMEPTC 42
(“The ASME Method")
nENE nERE R

[509931
(“The Rotorprobe Method”)
i B

#16. JHIFvERE (Extractive Sampling) .V ’FﬁTEJ‘JEHI%E
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RotorProbe
Sampler
Pulverized
Coal
Transport Cyclone
Pipe Separator
Backblowing
Dustless
Connection
Sampling
Venturi
Flowmeter
Electric
Air
Heater Flow Control
Valve
Air I::l
Filter .
Ejector

A
Compressed
pAir Magnehelic /\ P
Shut-Off Gauge or
Valve Equivalent
By-Pass
Valve Filter

[f'17. 1ISO9931Rotorprobe Ao Ry i
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Roping Phenomenon.

BI18 ~ % F f Vb i 0B R %

ASME METHOD

COAL ROPE SAMPLING PORATS

ISO METHOD

©]19. “ASME/ASTM®? [SO RotorProbe”s#s % B~4k /£
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Pipe
1

Max. Length 50 m

it Tt

A (7

Measurement Cabinet (16 Channels)

4-20 mA Sig
per Chann

nals
el

:----------- Input 1

Boiler House/Plant

®120 ~ PROMECON = & =7 PfFLO® % it
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Initial Coal Flow Final Coal Flow

Pulverizer Type Deviation Deviation Orifice Type Location
F-W +11.7% +1.5% Fixed IL
B&W 1+29.2% +4.3% Fixed OH
C-E +25.4% +3.2% Adjustable CT
C-E +28.3% 19.6% Adjustable CT
B&W +16.1% +4.1% Fixed CT
C-E +32.4% +4.4% Adjustable CT
C-E +38.0% +7.7% Fixed OH
C-E +38.2% +8.3% Fixed M
B&W +22.8% +4.9% Fixed OH
C-E +39.3% +11.3% Fixed OH
F-W +31.5% +4.8% Fixed CT
F-W +12.3% +3.6% Fixed CT

Initial Coal Flow Final Coal Flow

ulverizer Type Deviation Deviation Orifice Type Location
F-w +21.1% +7.6% Adjustable KY
F-wW +19.7% +7.6% Adjustable WV
F-w +16.3% +4.7% Fixed IN
C-E +22.5% +3.2% Fixed Canada
B&W +48.5% +8.8% Fixed OH
B&W +15.8% 6.7% Fixed PA
B&W +13.2% +3.1% Fixed MI
B&W +20.4% +7.2% Fixed MI
B&W +31.9% +1.4% Fixed MI
C-E 122.4% +12.3% Fixed M
C-E +15.1% +3.4% Fixed OH
C-E +16.1% +7.7% Fixed OH
C-E +18.8% +4.6% Fixed OH

22 475" fir(Coal Balancing) ;VEI%% 21
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Percent Deviation From the Mean

% Fuel Distribution

40

30

20

10

24

22

20

.L-_.

R11 F2
Burner Line

- "As-found"” - New Orifices I:I Low Load

B23. i EmA e % P H R

F11

H1 Hz2 H2 H4 HS

Coal Pipe

|—.—am1997 = m = = 2171902 |

N

®24. %o g
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i &
Synopsis of EPRI NO, Control Projects
Conducted by FERCo Project Managers

e (yclone Boiler Barrel Temperature Monitoring — P24223/C11738 (managed and conducted
by Jessica Muncy)

e Documentation of Emerging Combustion Modification Technologies for NO: Reduction -
P24176/C11713 and P23982/C11631 (managed by G. Quartucy)

e Burner Pipe Pulverized Coal Flow Balancing Evaluation at Martin Lake Unit 1 -
P21695/C10619 (managed and conducted by R. Thompson and Fred Haumesser)

e NO. Emission Case Study Report - P21372/C10440 (managed by G. Quartucy)
e Determination of ABS Formation - P21010/C10223 (managed by D. Shore)

e Flue Gas Temperature Monitor Demonstration - P21204/C10344 (managed by Jessica
Muncy)

e Pilot-Scale Demonstration of SCR Inter-Layer Mixing - P20851/C10159 (managed and
conducted by D .Shore and J. Muncy)

e Comparison of Furnace Flue Gas Temperature Monitors - P20230/C9891 (managed by J.
Muncy)

e SCR Catalyst Testing Protocol — P19973/C9795 (managed by R .Smith)
e (Controlled Condensate SO3 Measurements — P19144/C9462 (managed by G. Quartucy)

e Real-Time Catalyst Deactivation Measurements 1n Full-Scale SCR Systems - P19145/C9463
(managed by R. Smith)

e [ime Urea Hydrate Combined NO./ SO Control Demonstration — P19227/C9496 (managed
by D. Shore)

e SCR Interlayer Mixing Process Development - P18547/C9165 (managed by D. Shore)

e High Temperature HVT Probe Fabrication - P18673/C9227 (managed by G. Shiomoto
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fabricated by K. Anderson)

SCR Interlayer Mixing: Physical Cold Flow Modeling - P15365/C7616 (managed by
L.Muzio)

Final Report SNCR Trim Evaluation - P14935/C7350 (managed by ~ G. Quartucy)

Investigation of Inter-Layer Mixing in SCR Reactors - P15112/C7460 (managed and
conducted by L. Muzio and D. Shore)

Investigation of Advanced SCR Processes P14694/C7214 (managed and conducted by
L.Muzio, R. Smith and Q.Qader)

Evaluation of the Effect of SCRs on Mercury for a PRB Power Plant - P13947/C6895
(managed by L. Muzio under subcontract to URS)

Comparative Evaluation of Results from SCR Catalyst Test Program - P13058/C6511
(managed and conducted by L. Muzio and R. Smith)

Manual Wet Chemistry Ammonia Measurements — P12983/C6476 - (managed and
conducted by G. Quartucy and Q.Qader)

Advanced Energy Activation -P12603/C6271 (managed by R. Smith)

NOx LOI Predictor Software Development — P11915/C5898 (managed by L. Muzio
conducted by  A.Kornfeld)

SNCR Trim Demonstration - P11797/C5841 (managed by G. Quartucy)

Evaluation of ABS Formation - P11650/C5765 (managed and conducted by L. Muzio and
J.Muncy)

Coal Pipe and HVT Sampling at Plant Welsh - P10785/C5459 (managed and conducted by F.
Haumesser)

Field Test Support for Long Term SNCR Trim Demonstration at Marshall Station —
P10224/C5210 (managed by G. Quartucy)

Reagent Injection Nozzle Evaluation - P9879/C5004 (managed and conducted by D. Shore
and D .Wright)

Mercury Oxidization Studies — Mini SCR Testing Support — P13891/C6871 (managed and
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conducted by L. Muzio and R. Smith)

Fabricated Mini SCR Reactor for Hg Oxidation Studies — 0000009549 (managed and
fabricated by R. Smith)

Development of Single Analyzer Continuous Multi-Point Ammonia Flue Gas Measurement
Capability - P9231/C4658 (managed by G. Shiomoto)

HG Measurement Support at TXU - P9132/C4601 (managed by R. Smith)

Assessment of State-of-the-Art Technology for Monitoring Ammonia Emissions -
P8879/C4460 (managed by G. Shiomoto)

Evaluation & Development of NO« & Ammonia Monitors & Sampling Procedures
P7668/C3876 (managed by G. Shiomoto)

Cyclone Technology Assessment — P7133/C3612 (managed by J. Muncy)

Peer Review of Rectangular Duct Flow Measurement Methods - P7666/C3874 (managed by
L. Muzio)

Induct Assessment of SCR Catalyst Performance at TXU s Martin Lake Unit 3 -
P7164/C3636 (managed by R .Smith)

Baseline Temperature and Gaseous Composition Measurement at Duke Energy’ s Allen
Station - P6295/C3191 (managed and conducted by L. Muzio and G. Quartucy)

Guidelines for Post Combustion Reagent Storage Handling and Injection - P6292/C3189
(managed and conducted by L. Muzio and G. Quartucy)

White Paper Seasonal SCR - P3281/C1559 (managed by L. Muzio)

Field Evaluation of B&W MPS Mill - P2812/C1318 (managed by G. Quartucy)

Field Evaluation of a Second ABB Shallow Bowl Mill - P2818/C1321 (managed by
G.Quartucy)

Technical Support for Condensable Particulate Matter (CPM) Measurement- P2036/C894
(managed by M. McDannel)

White Paper of Fuel Effects on NOx Experience and Available Options - W02916-38
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Induct Assessment of SCR Catalyst Performance - P235/C105 (managed and conducted by
L. Muzio and T. Fang)

Mercury ICR Stack Testing at Coal Fired Power Plants - W(09211-01 (managed by M.
McDannel)

Pulverizer Interest Group Support 2000 - P2810/C1316 (managed by G. Quartucy)

MPV-1 Evaluation at Pepco’ s Dickerson Unit 1 - WO5364-06 (managed and conducted by
L. Muzio)

Addendum to EPRI Fireside Test Guidelines - WO5798-01 (managed by L. Muzio)

AEP Cardinal Large Scale SNCR Demo - WO5579-01 (managed and conducted by
G.Quartucy)

Evaluation of IFGR Technology at P.H. Robinson Station -~ W05544-02 (managed and
conducted by Lowell Smith and Steve Wood)

SNCR White Paper- WO3004-36 (managed by L. Muzio).

Large Scale SNCR Performance Evaluation on Union Electric’ s T-Fired Boiler -
WO5576-01 (managed and conducted by L. Muzio)

Field Testing of an ABB Shallow Bowl Pulverizer - P2771/C1289. (managed and conducted
by L. Muzio and G. Quartucy)

NO:-LOI Predictor Model Development - WO2916-33 (managed and conducted by L.Muzio
and T. Fang)

Large Scale SNCR Performance Evaluation on Union Electric” s T-Fired Boiler WO-5776-01
(managed and conducted by L. Muzio and G. Quartucy)

SNCR Feasibility and Economic Evaluation Guidelines for Fossil-Fired Utility Boilers -
RP2869-14 (managed and conducted by L. Muzio and G. Quartucy under subcontract
toRadian)

Morro Bay Advanced SCR Pilot Plant - WO4TS2649 (managed and conducted by L.Muzio
and T. Fang)

Ultra Reburning Technical Assessment - 4153247 (managed and conducted by L. Muzio)
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Monitoring Coal Quality Impacts on Power Plant Equipment - RP1891-4 (managed and
conducted by R. Thompson and G. Shiomoto)

Retrofit Combustion NOx Control Guidelines for Coal-Fired Utility Boilers - RP2154-15
(managed by R. Thompson)

Effects of Low Sulfur Coal Firing on Gaseous Emissions - RP9043-02 (managed and
conducted by G. Shiomoto)

Guidelines for Flue Gas Flow Rate Monitoring Associated with CAAA Requirements for
Continuous Emissions Monitoring - RP1961-13 (managed and conducted by L. Muzio andT.
Martz)

Effects of Low Sulfur Coal Firing on Gaseous Emissions - RP1835-28 (managed and
conducted by G. Shiomoto)

Validation of the Ultramax Software Package on the SDG&E Urea Injection System -
RP2147-17 (managed and conducted by L. Muzio and T. Montcomery)

Testing and Analytical Services to Support the EPRI 2.5 MW SCR Pilot Plant - RP3004-18
(managed and conducted by L. Muzio)

N20 Emissions Measurement Support to Fluidized Bed Combustor Test Programs -
RP3197-07 (managed and conducted by L. Muzio and T. Montgomery)

NOx Reduction by Combined Reburning and Urea Injection - RP1402-43 (managed and
conducted by L. Muzio)

Evaluation of Continuous Monitors for Residual Ammonia in Coal-fired Flue Gas at Orlando

Utilities Commission Station energy Center- WO3004-35 (managed and conducted by G.
Shiomoto)

NO:x Emission Consulting Services to EPRI Urea Demonstration Projects - RP2869-08
(managed and conducted by L. Muzio)

Wall-Fired Low-NOx Burner Retrofit Emissions - RP2916-8 (managed and conducted by R.
Thompson and G. Shiomoto)

Fabrication and Start Up of Support Facilities for SCR Bench and Pilot Scale Tests -
RP3004-08 (managed by L. Muzio)

Full Scale Testing and Evaluation of Retrofit Combustion NOx Control for Coal-Fired Boilers
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- RP2916-03 (1managed and conducted by K. Thompson and G. Shiomoto)

Primary Combustion Furnace Development for Advanced NOx Control - Fundamental
Laboratory Studies and Technical Support to Pilot-Scale Work at B&W (managed and
conducted by L. Muzio and G. Shiomoto)

Measurement of N2O from Coal-Fired Boilers (:nanaged and conducted by L. Muzio and G.
Shiomoto)

Assessment of NO. Control Options for Cyclone Boilers - RP2154-09 (mmanaged and
conducted by R. Thompson)

Control of Nitrogen Oxides: Assessment of Needs, Options and Technical Support (managed
by L. Muzio)

Residual O1l Users Guidebook (managed and conducted by R. Thompson)
Laboratory Flow Model Studies to Improve Overfire Air Mixing (:nanaged by R. Thompson)

Gas- and Oil-Fired Utility Boiler Data Base (managed and conducted by R. Thompson and L.
Chrisman)

Guidelines for Retrofit NOx Controls and Coal-Fired Utility Boilers and Development of
NO.PERT' - RP2154-15 (managed and conducted by R. Thompson and L. Chrisman)

Emissions Assessment of Heavy Oil-Fired Gas Turbines - Florida Power and Light (mnanaged
by L. Muzio)

Selective Catalytic NOx Reduction for Coal-Fired Power Plants - Arapahoe Station - Public
Service of Colorado (mmanaged by L. Muzio, site manager: G. Shiomoto)

NO:x Combustion Tests of Arapahoe Unit 4 (unpublished) - Public Service of Colorado
(managed and conducted by R. Thompson and G. Shiomoto)

NOx Emissions from Pulverized Coal Arch-Fired Boilers - RP1339-1 - Wisconsin Electric
Power Co. (managed by L. Muzio)

Control of NOx Emissions at a 220 MW Combined Cycle Power Plant - RP782-1 - Horseshoe
Lake Station, Oklahoma Gas and Electric B Field Applications (snanaged and conducted by R.
Thompson)

Non-Catalytic NOx Removal with Ammonia - RP835-1 - Lab Study - (rmanaged by L.Muzio)
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Effectiveness of Gas Recirculation and Staged Combustion in Reducing Coal-Fired Boiler
NOx Emissions - RP530-1 - Hatfield Station, West Penn Power (:nanaged and conducted by R.
Thompson)

Homogeneous Gas Phase Decomposition of Oxides in Nitrogen - Lab Study - RP461-1 --
Resulted in Two Patents Dealing with NOx Control with Urea B (nanaged and conducted by L.
Muzio)

Reduction of NOx through Staged Combustion in Combined Cycle Supplementary-Fired
Boilers - Feasibility and Bench Scale Study (managed by R. Thompson)
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