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Introduction & Background

» Gaseous Arsenic Poisoning Predominant
Deactivation Mechanism

e CaO Potential Poison at High Percentages

o Gaseous As Controllable with CaO from
— Naturally in Coal
— Limestone Addition to Fuel
— Fuel Blending

Riley Power Inc.
MEGA Symposium, Washington, D.C. 2
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= Arsenic Control Through Limestone
Addition

» Gaseous Arsenic (AsO,) as Catalyst Poison

» Addition of Limestone (CaCO;,) to Coal
form solid Non-Poisoning Form

((Cag(ASO,),)

Riley Power Inc.
MEGA Symposium, Washington, D.C. 3
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European And Japanese Experience

 Japanese Experience Good, Low As Coals -
Dry Bottom Units

 European Experience Good, Low As Coals -
Dry Bottom Units

« Bad European Experience, Low As Coals -
Wet Bottom Ash Recirculation

* Recirculation Revaporized Asto Gaseous
Phase

Riley Power Inc.
MEGA Symposium, Washington, D.C. 4
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United States Coadls

o USGS Coal Database - 22 ppm As Average
e Coal Cleaning Reduces As by 35 to 83%
o Utilities Need for Fuel Flexibility

Riley Power Inc.
MEGA Symposium, Washington, D.C. 5
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Arsenic Variation in Coals

Variation in Coal Arsenic Values

Figure 2
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First US Limestone Addition

o Large Variation in As Concentration with
Low CaO

e Arsenic LevelsasHighas24 ppm
« Unit Had Past History of Slagging

e Approach
— Temporary Limestone Feed System
— Measure Gaseous Arsenic (AsO,)
— Observe Boiler Performance

Riley Power Inc.
MEGA Symposium, Washington, D.C. 7
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Effect of Limestone Addition
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10% //
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Percent Gaseous Arsenic Reduction in Flue Gas

Increase in Precipitator Fly Ash Ca0

Riley Power Inc.
MEGA Symposium, Washington, D.C. 8
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Limestone Addition Experience

Limestone Addition Monitoring

Figure 4
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Riley Power Inc.
MEGA Symposium, Washington, D.C. 9



Limestone Addition Experience

0.9 -

K/KD
=
oo

0.7

06

Ahdeasured - Field Unit &
= Measured - Field Unit B
Catalyst Predicted Relative Activity
0.0 0.2 0.4 I}5] 0.8 1.0 1.2

Hours of Operation {Hours/Guarantee Hours)

Riley Power Inc.
MEGA Symposium, Washington, D.C. 10



Duke Energy Cliffside Unit 5

* 50% of Fuels Did Not Reguire Limestone

 Two Fuels Cannot Achieve Continuous
Operation With Limestone Addition

e Using Limestone Addition System and Fuel
Knowledge Two Initial Catalyst Layers

e Cormetech FIELD Guide Developed for
Fuel Range

Riley Power Inc.
MEGA Symposium, Washington, D.C. 11
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| Duke Energy Cliffside Unit 5

1

[ 4——— End of 2002 Ozone Season Test Results

0.9 -

0.8

Catalyst Activity (K/K0)

0.7 1

0 0.z 0.4 0.6 0.5 1 1.2
Operating Hours/Guarantee Hours

Riley Power Inc.
MEGA Symposium, Washington, D.C. 12



€' ) BabcockPower

Mark Barger

Project Manager — Cliffside 5

CORMETECH

SCR Catalyst Supplier for Cliffside 5 Project

Riley Power Inc.
MEGA Symposium, Washington, D.C. 13
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FIELD Guide

* Fud | mpact and Evaluation of
L ife Determination
e Unit Design Specific
» Assumes Constant Fuel Sulfur Level
e For Arsenic poisoning SCR applications

Riley Power Inc.
MEGA Symposium, Washington, D.C. 14



Ca0 in 19% Ash
Ca0 in 15% Ash
Ca0 in 10% Ash

Cliffside 5

Cormetech Catalyst FIELD Guide
16,000 {ours - Initial Catalyst Life

As (ppm)CATALYST LIFE (Hours) 12,000 | < X > | 16,000 20,000

Riley Power Inc.
MEGA Symposium, Washington, D.C. 15
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Cliffside 5 with 2002 fuels plotted

Ca0 in 19% Ash
Ca0 in 15% Ash
CaO in 10% Ash

Cliffside

Cormetech Catalyst FIELD Guide
16,000 1ours - Initial Catalyst Life

[CATALYST LIFE (Hours) JIFSIGHN 12,000 [ < X > [ 16,000 20,000

Riley Power Inc.
16

MEGA Symposium, Washington, D.C.
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Cliffside &6

Cormetech Catalyst FIELD Guide
16,0001ours - Initial Catalyst Life

[CATALYST LIFE (Hours) JJESEIN 12000 | < X > | 16,000 [EIF3Eal 20,000 [EIES

Riley Power Inc.
MEGA Symposium, Washington, D.C. 17

CORMETECH
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L inton Hutcheson

P Energy

Riley Power Inc.
MEGA Symposium, Washington, D.C. 18
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Cliffside Unit 5 SCR Management

CLIFFSIDE STEAM STATION - UNIT 5
SCR CATALYST MANAGEMENT

Limestone Injection

CS5's SCR Pl Performance
Data

Coal Data Information

Fly-ash Data Information

Viewing Short Version of SCR
Fl Performance Data

Time Passing across the
Catalyst

EXIT

P Energy

MEGA Symposium, Washington, D.C.

Riley Power Inc.
19
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Calculate CaCO3 Feedrate

Riley Power Inc.
MEGA Symposium, Washington, D.C. 20
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FIELD GUIDE

Date: 4/4/03 Cliffside 5
Cormetech Catalyst FIELD {Fuel Impact Evaluation for Life Determination)
16,000 Hours - Initial Catalyst Life

Ca0 in Fuel %owt

10 20 30 40 50 G0
Arsenic in Fuel, ppm

P Duke .
@ Energy. Riley Power Inc.
MEGA Symposium, Washington, D.C. 21
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Cliffside Unit 5 SCR Management

CLIFFSIDE STEAM STATION - UNIT 5
SCR CATALYST MANAGEMENT

Limestone Injection

CS5's SCR Pl Performance
Data

Coal Data Information

Fly-ash Data Information

Viewing Short Version of SCR
Fl Performance Data

Time Passing across the
Catalyst

EXIT

P Energy

MEGA Symposium, Washington, D.C.

Riley Power Inc.
22
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Coa Data lnformation

Catalyst Management Coal
Analytical Reports

Hotes: MNew reports are highlighted in the "Train Acrrival Date” rowe.

Coal ldentification Coal At
Proximate Analysis (s Received)

HH (Btuslb) 13125
rAoisture (36 5.34
Ash (%95 742
Sulfur (245) 1.14
At Matter (29) 35.15
Ultimate Analysis (Dry)

Carbon (2%) 5.5
Hwdrogen (%5 4.95
Mitrogen (%5 1.74
Ash Elemental Oxide

Silica (%) 45.79
Alumina (35 25.25
Titania (%) 1.42
lron (%6 11.39
Calcium (35 =281
hagnesurm (%) 1.04
Sodiurm (%5 0.47
Fotassium (%% =2.54
FPhosphorous (%) 1.19
Sulf_Trioxide (3%5) 1.19
Strontiurm (346 0.3
Bariurm (%) 0.z
Pranganese (%) 0.03
Trace Metals - dry whole coal basis

Arsenic_ P pm 19.5
Eariurm_Fpm 131
Chromium_Fpm 13
Cobalt Pprm |
Copper_Fpm 24
lodine_ Fpm 3.5
Chilor_ Pprm 423
Fluarine_Fpm 100
Cadmiurm__Fprm o.0g
rAercury Pprm [y |
Franganese_Fpm 15
Lead Fprm i
rolybdenurm_Pprm =21
“anadium_Fpm 32
Mickel _Pprm 15
Selenium_FPprm 27
Eromine_Ppm 3.5
Beryllium_Fprm 1.7
Finc_Pprm =20
Calcium_Fpm

Thallium__Fprm 0.7
Antirmmony_ Ppm 1.11
Silver_FPpm 0165

P Energy Riley Power Inc.
MEGA Symposium, Washington, D.C. 23



) BabcockPower

Cliffside Unit 5 SCR Management

CLIFFSIDE STEAM STATION - UNIT 5
SCR CATALYST MANAGEMENT

Limestone Injection

CS5's SCR Pl Performance
Data

Coal Data Information

Fly-ash Data Information

Viewing Short Version of SCR
Fl Performance Data

Time Passing across the
Catalyst

EXIT

P Energy

MEGA Symposium, Washington, D.C.

Riley Power Inc.
24
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Fly-ash Data Information

Analytical Reports

Flyash Samples form Economizer Outlet and ESP Inlets far Summer 02

I Ma. 22038665 | 22033761
Collection Side A B

Test Mo. (Mote below) CAT1 CAT
Lime Inj On? Mo Mo
Approx Inj Rate % a 0
Collected Date B/22002 | 822002
Laboratory CTEE CTa&E
Free Cal, % =010 =0.10

Cl, % 0.02 0.05
Hag, PP 0.05 0.05
Si02, % 53.44 525k
Al302, % 292 30.42
TiD2, % 1.45 1.45
Fel03, % 7 .68 774
Cald, % 1.95 1.98
MDD, % 0.92 0.9
K20, % 252 2.49
Ma2l, % 0.28 0.29
503, % 0.04 0.05
FP205, % 0.31 0.37

MEGA Symposium, Washington, D.C.

Riley Power Inc.
25



) BabcockPower

Cliffside Unit 5 SCR Management

CLIFFSIDE STEAM STATION - UNIT 5
SCR CATALYST MANAGEMENT

Limestone Injection

CS5's SCR Pl Performance
Data

Coal Data Information

Fly-ash Data Information

Viewing Short Version of SCR
Fl Performance Data

Time Passing across the
Catalyst

EXIT

P Energy

MEGA Symposium, Washington, D.C.

Riley Power Inc.
26
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CS5's SCR Pl Performance Data

CLIFFSIDE STEAM STATIOHN, UHIT 5 HOx TESTING DATA
Summary of 24 Hour to Midnight on: 402003 0:00

Total hours flue-gas passed over catalyst @@ load > 0 MW |0 Hours

Bypassed the Catalyst for the entire period

Hours flue-gas passed over catalyst @@ load = 425 MW, 0 Hours

Bypassed the Catalyst for the entire period (Hourly averages are shown starting from column “H"}
Hour=s flue-gas passed over catalyst @@ load > 580 MW: 0 Hours

Bypazsed the Catalyst for the entire period {Average, Maximum and Minimum values are shown in ¢
Pl Performance Data

De=scription PIUNITS Average Maximum Minimum
GEHERAL UHIT INFORMATIOHN

UMIT GROSS LoAaD Pl 58395 59516 494 47
MET LIMIT LOAD Pl 06055 87364 47038
ALRILIARY LoaD Pl 23.59 2545 2267
EXPECTED HEAT RATE BTUKWH Q35355 0381 .37 0265 B4
REAL TIME HEAT RATE BTUKWH 0403 .35 Q567 .23 0274 11
TOTAL @ FIRED MBETLHRE SEBS1E 5281 .32 4381 B5
FLUE GAS TEMPERATURES

AWG AH GAS IMLET A DEGF GGG .20 G7E6.35 53530
AWG AH GAS INLET B DEGF o752 555595 556 .24
AWG AH GAS OUTLET A DEG F 281 Ba 29207 26994
ANG AH GAS QUTLET B DEGF 27306 28087 26111
Econ & Cutlet 02 PCT 1.81 258 1.4
Econ B Outlet 02 PCT 323 3y2 287
02 &t BEcon Outlet - Ay PCT 252 3.08 224
Exp O at Econ Outlet PCT 343 343 343
02 at APH Outlet PCT 495 565 4 69
02 at APH A Outlet PCT 4 .47 537 4.04
02 at APH B Outlet PCT 5.50 5.09 a1
AIR. AHD FLUE GAS DRAFTS

More than 100 Additional SCR Data Points Stored

P Energy Riley Power Inc.
MEGA Symposium, Washington, D.C. 27
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Cliffside Unit 5 SCR Management

CLIFFSIDE STEAM STATION - UNIT 5
SCR CATALYST MANAGEMENT

Limestone Injection

CS5's SCR Pl Performance
Data

Coal Data Information

Fly-ash Data Information

Viewing Short Version of SCR
Fl Performance Data

Time Passing across the
Catalyst

EXIT

P Energy

MEGA Symposium, Washington, D.C.

Riley Power Inc.
28
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Viewing Short Version of Pl Data

CLIFFSIDE STEAM STATION, UNIT 5 NOx TESTING DATA

Summary of 24 Hours to Midnight on: 4/4/2003 0:00
Total hours flue-gas passed over catalyst @ load > 0 MW 13 Hours

Between 00:00 hour and 01:00 hour.

Hours flue-yas passed over catalyst @ load = 425 MW: 13 Hours

Between 00:00 hour and 01:00 hour. (Hourly averages are shown starting from column "H")

Hours flue-gas passed over catalyst @ load > 580 MW: 16 Hours

Between 00:00 hour and 01:00 hour. (Average, Maximum and Minimum values are shown in columns "E", "F" and "G" respectively)

Pl Performance Data

Description Pi Descriptor Pl Tag PLUNITS Average Maximum | Minimum
GENERAL UNIT INFORMATION

UNIT GROSS LOAD 5 Gross Load 5LOAD WY 564.36 559324 39736
MET UNIT LOAD 5 Net Unit Load Sloadnet WY 54059 86321 37566
AUXKILIARY LOAD 5 Total Aux Baux v 237 %32 20.58
EXPECTED HEAT RATE & Exp Net Unit Heat Rate Shry BTUKH 927234 9301.94 9204.73
REAL TIME HEAT RATE & Realtime Unit Heat Rate EHRR BTUKAH 9387.43 952585 924475
TOTAL Q FIRED & Fuel Consumption Rate EETURATE MBTUHR 499327 524239 3569.10
WATER & STEAM TOTAL FLOW

FEEDWATER TO ECONOMIZER & Selected FW Flow-KBH ACECFO0E KEH 3833.09 4101.54 257638
CONTINUQUS BLOWDOWN FLOW & Continuous Blowdown Flow | ALSBBE0A KEH B.43 B.56 B.35
MAIN STEAM 5 Selected Stm Flow-KEH ACHIMB4C KEH J641.85 30866.91 2406.60
SH SPRAY FLOWY Superheater Spray Flow SASHS KEH 218 7021 0.00
REHEAT SPRAY FLOW Reheat Spray Flow SWRHS KEH 233 295 20.05
WATER AND STEAM TEMPERATURE

MAIN STEAM PATH

FIAL FEEDWATER OUT TEMP SAFWH Cnds Outlet Temp  TESCFIMB DEGF 480.70 486,14 444.94
MAIN STEAM TEMP & Main Steam Temp 5THS DEGF 985.33 107.18 951.08
EXPECTED MAIN STEAM TEMP 5 Exp Main Steam Temp STMZ DEGF 1000.00 1000.00 9949.95
REHEAT STEAM PATH

RH DUTLET A 5 Selected RH Stm Temp A 41555625 DEGF 970.85 99535 N34
RH OUTLET B 5 Selected RH Stm Termp B | AL558837 DEGF 958,63 98015 890.08

P Energy Riley Power Inc.
MEGA Symposium, Washington, D.C. 29
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“~ Viewing Short Version of Pl Data

NOx TESTING DATA

CLIFFSIDE STEAM STATION, UNIT 5

Summary of 24 Hours to Midnight on:

Total hours flue-gas passed over catalyst @ load > 0 MW
Between 00:00 hour and 01:00 hour.

Hours flue-gas passed over catalyst @ load > 425 MW!
Between 00:00 hour and 01:00 hour.

Hours flue-gas passed over catalyst @ load > 580 MW:
Between 00:00 hour and 01:00 hour.

Pl Performance Data
Description

NH3 Injection Skid

IMJ HDR LI WH3 SUB CL TEM
SCR A NH3 INJ HEADER FLOW
SCR B NH3 INJ HEADER FLOW
SCR A NH3 INJ FLOW WLY A D
SCR A NHI INJ FLOW VLY B D
SCR B NH3 INJ FLOW WL A D
SCR B NH3 INJ FLOW VLY B D
SCR NH3 SUPPLY PRESS
SCR NH3 SUPPLY TEMP

SCR NH3 IMJ HEADER A TEMP
SCR NH3 IMJ HEADER A DIL A
SCR NH3 IMJ HEADER B TEMP
SCR NH3 IMJ HEADER E DIL A
SCR MH3 IMJ FLOWY WLy AT PO
SCR NH3 IMJ FLOWY VLY A2 PO
SCR MNH3 IMJ FLOWY WLy B1 PO
SCR NH3 IMJ FLOWY VLY B2 PO

Dilution Air Skid

SCR A DIL AR FLOWY

SCR B DIL AIR FLOWY

SCR DIL AIR FAMN A DISCH TE
SCR DIL AIR FAMN B DISCH TE
SCR DIL AIR STW COIL A OUT
SCR DIL AR STM COIL B OUT
5CR DIL AIR FAN DISCH PRES
DILUTIOM AR HTR ST PRESS
DILUTION AR HTR ST PR
SCR DIL AR STh COIL A ST
SCR DIL AIR STM COIL B ST

18 Hours

18 Hours

{Hourly averages are shown starting from column "H")

16 Hours

{Average, Maximum and Minimum values are shown in columns "E", "F" and "G" respectively)

Pi Descriptor

INJ HDR LIQ NH3 SUB CLTEM

SCR A NH3 INJ HEADER FLOW
SCR B NH3 INJ HEADER FLOWY
SCR A NH3 INJ FLOW WLy A D
SCR A NHI IMJ FLOW VLY B D
SCR B NH3 INJ FLOW WLy A D
SCR B NH3 IMJ FLOW VLY B D
SCR MH3 SUPPLY PRESS

SCR MNH3 SUPPLY TEMP

SCR MH3 INJ HEADER A TEMP
SCR MNH3 INJ HEADER A DIL A

SCR MH3 INJ HEADER B TEMP
SCR MNH3 INJ HEADER B DIL A

SCR MH3 IMNJ FLOW WL A1 PO
SCR MNH3 INJ FLOW VLY A2 PO
SCR MH3 INJ FLOW VLY B1 PO
SCR MNH3 INJ FLOW VLY B2 PO

SCR A DIL AIR FLOW

SCR B DIL AIR FLOW

SCR DIL AIR FAN A DISCH TE
SCR DIL AIR FAN B DISCH TE
SCRDIL AR ST COIL A OUT
SCRDIL AIR STM COIL B OUT
SCR DIL AIR FANM DISCH PRES
DILUTION AIR HTR 5T PRESS
DILUTION AIR HTR ST PR
SCRDIL AIR STM COIL A STM
SCRDILAIR STM COIL B STM

FiTag

ALSCR300
FTECR41A
FTSCR4ZA
FZACR41A
FISCRA1E
FZACR4ZA
FISCRAZE
PTSCRA04
TESCR404
TESCR412~
TESCR41E
TESCR42#
TESCRAZE
ITECR41A
ZT5CRA1B
ITECR42A
ZT5CR42B

FTECR41E
FTaCR4ZE
TESCR4E~
TESCRAGE
TESCR47A
TESCR484
PTSCRAES
PTSCRE16
PWECRETE
ITSCRATA
ITECR4GA

DEG F
FPH
FPH
FCT
FCT
FCT
FCT
PSIG
DEG F
DEG F
DEG F
DEG F
DEG F
FCT
FCT
FCT
FCT

FPH
FPH
DEG F
DEG F
DEG F
DEG F
INNC
PEIG
FCT
FCT
FCT

MEGA Symposium, Washington, D.C.

334.55
1.02
222
0.0o
0.00
0.0o
0.00
12374
73.23
30013
305.97
306.23
312.36

-0.80
-0.40

0.38
0.47
73.03
67.03
318.82
18566
5.42

74.86
0.88

380.65
1.35
-2.02
0.00
0.0a
0.00
0.0a
147.03
81.43
304.15
311.01
31131
315.09

-0.87
-0.34

0.42
0.51
85.30
7710
32378
193.54
713

99.76
0497

PIUNITS  Average Maximum Minimum

308.02
0.0s
-2.42
0.0o
0.00
0.0o
0.00
91.37
63.42
2591.80
258594
259667
301.54

-0.92
0.43

0.34
0.44
5182
48.95
308.23
179.53
3.81

43.16
n.a2

Riley Power Inc.
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Cliffside Unit 5 SCR Management

CLIFFSIDE STEAM STATION - UNIT 5
SCR CATALYST MANAGEMENT

Limestone Injection

CS5's SCR Pl Performance
Data

Coal Data Information

Fly-ash Data Information

Viewing Short Version of SCR
Fl Performance Data

Time Passing across the
Catalyst

EXIT

P Energy

MEGA Symposium, Washington, D.C.
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Time Passing Across the Catalyst

SCR Management

CLIFFSIDE STEAM STATION, UNIT 5
Hour of Flue-Gas Passing Over the Catalyst

summary Totalto-date
44003 w2

Total hours flug-yas passed over catalyst @ load » 0 MW: ATk l L1
Hours flug-yas passed over catalyst @ load » 425 MUl 154 l 173
Hours flug-yas passed over catalyst @ load » 560 MUl 1,19 1o 1,13
P Energy Riley Power Inc.

MEGA Symposium, Washington, D.C. 32
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Conclusions

e Optimum Catalyst Designs are Achievable
With Current and Future Fuel Knowledge

e Limestone Addition Reduces Gaseous AS
e Limestone Addition Protects
e Limestone Addsto Fud Flexibility

e Limestone System is Part of an Integrated
SCR Reactor Design, Fuel Purchase, Catalyst
Management, and Plant Operation Approach

Riley Power Inc.
MEGA Symposium, Washington, D.C. 33




