Brown xls

Black & Veatch AQCS Intformation Needs

Power Plant:

Economic Evaluation Factors:

Remaining Plant Life/Economic Life

Annual Capacity Factor (over life of study/plant)

Contingency Margin (can be determined by B&V)

Owner Indirects Cost Margin

Interest During Construction

Levelized Fixed Charge Rate or Capital Recovery Factor

Present Worth Discount Rate

Capital Escalation Rate

Q&M Escalation Rate

Energy Cost (energy to run in-house equipment)

Replacement Energy Cost (required to be
purchased during unit outage)

Year-by-Year Fuel Prices (over life of study/plant)

Base Fuel Price

Fuel Price Escalation Rate
Water Cost
Limestone Cost
Lime Cost
Ammonia Cost
Fully Loaded Labor Rate (per person)
Fly Ash Sales
Bottom Ash Sales
FGD Byproduct Sales
Waste Disposal Cost
Fly Ash
Bottom Ash
Scrubber Waste

Owner:
Project:

Unit X

Unit X

Unit X

Unit X
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

years

%
$/MWh

$/MWh
$/MBtu
$iton
$/MBtu
$iton
%
$/1,000 gal
$iton
$iton
$iton
$iyear
$iton
$iton
$iton

$iton
$iton
$iton

Notes
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

Ghent

LGE-KU-00008501



Ghentxls

Black & Veatch AQCS Intformation Needs

Power Plant: Owner:

Unit

1)
2
3)
4

Project:

References:

Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

Yéllow highlight denotes Critical Focus Needs.

6/16/2010

Fuel Data

Ultimate Coal ‘Analysis (%:by. mass as received): Typical Minimum Maximum Notes
Carbon %
Hydrogen

Sulfur o
Nitrogen %
Oxygen

Chlorine: %
Ash %
Moistur

Total

Higher Heating Value, Btuflb (a8 received) Btu/lb

Ash Mineral Analysis (% by mass):

Silica(Si0 ) %
Alumina (Al,05) %
Titania (TiO;) %
Phosphorous Pentoxide (P;0s) %
Calcium Oxide (Ca0) %
Magnesium Oxide (MgO) %
Sodium Oxide (Na,0) %
Iron Oxide (Fe,O,) %
Sulfur Trioxide (SO5) %
Potassium Oxide (K,0) %

Coal Trace Element Analysis (mercury and especially arsenic if fly ash is returned to boiler)

Vanadium %

Arsenic %

Mercury % or ppm

Other LOI %

Natural gas firing capability (if any at all) No

Natural gas line (into the station) capacity (if applicable) No

Current Lost on Ignition (LOIl)

Start-up Fuel # 2 Fuel Oil

Ash Fusion Temperature

Initial Deformation °F

Softening F

Hemispherical °F

Hardgrove Grindability Index

Page 1 of 5
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Ghentxls

Black & Veatch AQCS Intformation Needs

Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

Power Plant: Owner:
Unit Project:
Plant Size and Operation Data: (provide for each unit] Unit 1 Unit 2 | Unit 3 Unit4
Maximurm:(Design)-Fusl Buin'Rate B&V can determine some values from previous VISTA MBtu/hr
Boiler Type:{e.g: wall-fired; tangential fired; cycl ) tangentiat tangentialpnttback wall fired pnt/back wall fired
Boiler Manufacturer CE E EW. EW
Net-MW Rating (specify plant-or turbine: MWy MW
Gross MW Rating 541 51 523 526 MW
Net Unit Heat Rate 10557 89044 11180 11970 BtwkWh
Net Turbine Heat:Rate 0! 8404 8439 BtukWh
Boiler SO2 to SO3:Cornversion Rate: (if knowin) 1:50% 1:95%: 2.20%: %
Fly-Ash/Bottorm Ash Split %
Flue:Gas Recirculation: (FGR)
Ingtalled? (Y/N No No No Ne
In:operation?: (Y/N! No No No No:
Flue Gas Recirculation: (if installed) No No No No %
Type of Air Heater Lungstrom Lungstrom Lungstron Lungstrom
AirHeater:Configuration: ( tal-orvertical fl r'shaft) rtical rtical vertical vertical
Design:PressurefNacuum Rating for Steam - Generator + 35 (s} 35 35 inwg.
Design:Pressure/Vacuum Ratinig for Particulate Control +-35"V 30"V 0V 0"V |in wg.
Electrical / Control
DCS Manufacturer (e.g. Westinghouse, Foxboro, Honeywell, etc.) Emerson Emerson Emerson Emerson
Type of DCS (e.g. WDPF, Ovation, Net 90, Infi 90, Symphony, TDC
3000, etc.) Ovation QOvation Ovation Ovation
Neural Network Installed? (Y/N) No No No No
Neural Network Manufacturer (e.g. Pegasus, Westinghouse, etc.) n/a n/a n/a nfa
Extra Capacity available in DCS? yes ves yes yes
Historian Manufacturer Emerson Emerson Emerson Emerson
Additional Controls from DCS or local PLC witie-in yes yes yes yes
Transformer Rating for Intermediate Voltage Switchgear
(SUS's) and Ratings of Equipment in These Cubicles
Auxiliary Electric Limited (Y/N)
Operating Conditions
Economizer Outlet Temperature 729 610} 731 791°F
Economizer Outlet Pressure = 5.0 =512 =4:51in wg
Excéss Air-or Oxygen-at Economizéer Outlet (full load/min load) 5 5 3 %
Economizer Outlet Gags Fl 114 4506 4076 acfm
Ib/hr
Air Heater Qutlet Temperature 345 309 315 309.°F
AirHeater:Outlet Pressur 4 18.6 =36:1 =294 in wg.
Particulate: Contral Equipment Outlet Temperature: 361 605 708 770:°F
Particulate: Control Equipment Qutlet:Pressure 5.7 41 (ﬁ| -0:.92 =0:82:in wg.
FGD:Qutlet Temperature:(if-applicable) 125 1 130 128 °F
FGD:Outlet Presstre (if applicable) .68 il 45] 1:56-in wg.
Page 2 of 5
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

Ghentxls 6/16/2010

Black & Veatch AQCS Intformation Needs

Power Plant: Owner:
Unit Project:
NOx Emissions Unit 1 Unit 2 Unit 3 Unit4 Notes
Emissions: Limit 0.4510:4 046 0:46°1b/MBtu
Type:of NOx Control{if any):= LNB; OFA etc: LNB LNB/OEA LNB/OEA LNB/OFA _|
Cirrent NOX Reduction with: existing ¢ontrols: SCR SCR SCR SCR %
Type of Ammonia Reagent Used (Anhydrous or % H,0 or Urea) anhydrous anhydrous anhydrous anhydrous
Reagent Cost $iton
Current Emissions 330 1300 330 330 Ib/hr
930 850 4800 850 tonfyr
0.04 0.35 0.04 0.04 It/MBtu
Particulate Emissions
Emissions Limit Ib/MBtu
Typs of Emission Control - Hot:Side ESP, Cold Side ESP or FF Cold side ESP Hot side ESP. Hot side ESP Hot side ESP:
Oxygen:Content of Flue Gas @ Air Heater Outlet %
Oxygen Content-of Flue Gas @ ESPIFF: Qutlet %
Current: Emissions 0:0210:0.045:lbs/r 0.02 to0.045:|bs/r 0.02 10:0.045 lbs/r0.025 lbs/mmbtu - It/MBtu
Fly Ash:Sold (Y/N):=:See Economic Section No No No No:
ESP
Specific Collection Area (SCA) 153 223 328 328 /1000 acfm
Discharge Electrode Type rigid wire wire wire
Supplier PECO GE GE GE
Efficiency 99.2 g9 %
No. of Electrical Sections 4 in series 4 in series 7 in series 7 in series
% of Fly Ash Sold 0 0 0 0%
Fabric Filter
Air to Cloth Ratio (net) N/A ft/min
Number of Compartments
Number of Bags per Compartments
Efficiency %
% of Fly Ash Sold %
S0, Emissions
Emissions Limit 5:67 tbsimmbtu (24 Hry b tbs/mmbtu (3 Hr) b tbs/immbtu (3-Hr) | losfmmbtu (3-Hr) |Ib/MBtu
Type of Emission Control - wet or semi-dry FGD (if any) wet FGD wet FGD wet FGD wet FGD
Current Emissions 600 600 1120 600:Ib/hr
1400 2100 1400 1400 tonfyr
0.15 0.2 0.15 0.15 Ib/MBtu
Byproduct Sold (Y/N) - See Economic Section yes yes yes yes
Page 3 of 5
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Ghentxls

Black & Veatch AQCS Intformation Needs

Power Plant:

Flue Diameter

Owner:
Project:

ID Fan Information (at Full Load): Unit 1 Unit 2 Unit 3 Unit4
1D-Faninlet Pressure 18: =36 -28.9 in wg.
|D:-Fan:BDischarge:Pressure 6.0 114 594 14:6:in wg.
|D:-Fan Ihlet Temperatiir 358 fole} 22 309:F
Oxygen Contentof Flue Gas @D -Fan inlet: 3.5 35 347 %
1D Fan Motor Voltage (Rated) 4160 6600 13200 4000.volts
ID-Fan Motot Amps: (Operating) 990 670} 410 1385 A
ID:Fan:Motor Amps:(Rated) 111 9 1020:A
ID:Fan:Motor Power: (Rated) 900¢ 12500 13600 8000 hp
ID*Fan‘Motor Service Factor (1:0°or1:15) 1.1 1.1 115 115
Chimney Information:
Flue Liner Material fiber glass brick brick fiber glass

20's" 34'5" 34'5" 29'6" ft
Chimney Height 660 580 580 660 ft
Number of Flues 1 2 2 1
Drawing and Other Information Needs:
Baseline pollutant emissions:data:for AQC:analysis
Technical evaluations performed to 'suppoit recent consent decree activity
Existing-Plant/AQC system: general design and: performance issues
Full:detaited baoiler front; side; and rear elevation drawings:
Bailer-Design -Data-(Boiler-Data- Sheat)
Ductwark Arrangement Drawing:(emphasis from economizer outlet toair-heater inlet)
Ductwork Arrangement Drawing:(emphasis:from air: heater-outlet to stack)
Plant Arrangement Drawings (showing ¢olumn row spacing)
CEM: Quarterly-and:Annual Data (required:if-base emissions-are to be verified)
Récent Particulate Emission Test Repoit (if available)
Current Mercury Testing Results (If available)
Current Site Arrangement Drawing
Foundation:Drawings and/or Soils:Report
Underground: Utilites Drawings
Plant One Line:Electrical Drawing
Fan-Cunves for Existing 1D Fans (including current system resistance curve)
Acceptable Fan Operating Margin
P!ant Qutage schediile Rk
overfire air ports, number of overfire air levels, etc.)

Page 4 of 5
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Notes

Ghent 2 and 3 share a common stack-each unit is mixed

into a common exit flue

Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6
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Ghentxls

Black & Veatch AQCS Intformation Needs

Power Plant:

Economic Evaluation Factors:

Remaining Plant Life/Economic Life

Annual Capacity Factor (over life of study/plant)

Contingency Margin (can be determined by B&V)

Owner Indirects Cost Margin

Interest During Construction

Levelized Fixed Charge Rate or Capital Recovery Factor

Present Worth Discount Rate

Capital Escalation Rate

Q&M Escalation Rate

Energy Cost (energy to run in-house equipment)

Replacement Energy Cost (required to be
purchased during unit outage)

Year-by-Year Fuel Prices (over life of study/plant)

Base Fuel Price

Fuel Price Escalation Rate
Water Cost
Limestone Cost
Lime Cost
Ammonia Cost
Fully Loaded Labor Rate (per person)
Fly Ash Sales
Bottom Ash Sales
FGD Byproduct Sales
Waste Disposal Cost
Fly Ash
Bottom Ash
Scrubber Waste

Owner:
Project:

Unit X

Unit X

Unit X

Unit X

Page 5 of 5

Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

years

%
$/MWh

$/MWh
$/MBtu
$iton
$/MBtu
$iton
%
$/1,000 gal
$iton
$iton
$iton
$iyear
$iton
$iton
$iton

$iton
$iton
$iton

Notes
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

Cane Run

LGE-KU-00008507



Cane Run.xlsx

Black & Veatch AQCS Intormation Needs

Power Plant: Cane Run
Unit
References:
D
2
3)
4)

Owner:

Louisville Gas & Electric

Project:

Yellow highlight denotes Critical Focuis Needs.

Fuel Data

Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

6/16/2010

Ultimate Coal Analysis (% by mass as received): Typical Minimum Maximum Notes
Carbon 61.4 59:8. 63.14
Hydrogen 4:3 4:09 4.3
Sulfur 32 . 32
Nitroger 13 1.26 1.5
Oxygen 6.5 8.6 7.44
Chlorine 04
Ash 108 9.1 11.67
Moistur 2.4 1.9, 1971
Total 100 95.05 106.43

Higher Heating Value; Btulb (as received) 10921:64 10391 11673

Ash Mineral Analysis (% by mass):

Silica(Si0 ) 46.02 42.41 49.07
Alumina (Al ;0;) 23.27 20.81 25.64
Titania (TiO,) 1.09 0.99 1.21

Phosphorous Pentoxide (P,0s) 0.255 0.16 0.34
Calcium Oxide (Ca0) 1.211 0.88 1.89
Magnesium Oxide (MgO) 0.98 0.87 1.14
Sodium Oxide (Na,O) 03 0.22 0.44
Iron Oxide (Fe,O3) 22.97 17.48 27.84
Sulfur Trioxide (SO5) 0.95 0.52 17

Potassium Oxide (K,0) 26 2.24 293

Coal Trace Element Analysis (mercury and especially arsenic if fly ash is returned to boiler)

Vanadium 46.75 %

Arsenic 15.47 %

Mercury 0.09 % or ppm

Other LOI %

Natural gas firing capability (if any at all) Y

Natural gas line (into the station) capacity (if applicable)

Current Lost on Ignition (LOIl)

Start-up Fuel Gas

Ash Fusion Temperature
Initial Deformation 2025.56 °F

Softening 2211.44 °F

Hemispherical 2332.11 °F

Hardgrove Grindability Index 62

Page 1 of 5
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

Cane Run.xlsx 6/16/2010

Black & Veatch AQCS Intormation Needs

Power Plant: Cane Run Owner: Louisville Gas & Electric
Unit Project:
Plant Size and Operation Data: (provide for each unit; CR4 CRS CR8 Notes
Maximum (Design): Fuel Burn'Rate 1601.9 17534 -2395.7{MBtu/hr
Boiter- Type:{e.g: wall-fired; tangential fired; cyclone} Mall Mall Wall
Boiler: Mariifactiirer CE Riley CE
Net- MW Rating (specify plantor turbine:MYV) 156 168 240|MW
Gross MW Rating 168 181 261 MW
Net Unit Heat: Rate 10340 10458 10789 |Btu/kWh
Net Turbing Heat Rate 414 429 8625|Btu/kwh
Boiler SO2 1o SO3 Conversion Rate (if kKnown) & £ %
Fly-Ash/Bottom Ash:Split 0/20 80720 80/20{%
Flue Gas Recirculation (FGR)
Installed?: (Y/N N N
In:operation?:(Y/N) N N
Flue Gas Recirculation {if installed) %
Type-of Air: Heater Ljungstrom Liungstrom Lijungstrom
Air Heater:Configuration: (horizontal or:-vertical flow or shaft) Horizontal Horizontal Horizontal
Design Pressure/Vacuum Rating for Steam: Generator: +- 1800135 1800A1:5: 2400/3:5]in wy.
Design Pressure/Vacuuni Rating for Particulate-Control #/- no-data 0" H20/-8: no-datalin wy.
Electrical / Control
DCS Manufacturer (e.g. Westinghouse, Foxboro, Honeywell, etc.) Honeywell Honeywell Honeywell
Type of DCS (e.g. WDPF, Ovation, Net 90, Infi 90, Symphony, TDC
3000, etc.) TDC3000/Experion TDC3000/Experion TDC3000/Experion
Neural Network Installed? (Y/N) Y Y Y
Neural Network Manufacturer (e.g. Pegasus, Westinghouse, etc.) Neuco Neuco Neuco
Extra Capacity available in DCS? Y Y Y
Historian Manufacturer Honeywell Honeywell Honeywell
Additional Controls from DCS or local PLC witie-in
Transformer Rating for Intermediate Voltage Switchgear
(SUS's) and Ratings of Equipment in These Cubicles
Auxiliary Electric Limited (Y/N) N N N
Operating Conditions
Economizer Qutlet Termperature 580.4% 630.24. 617.2[°F
Economizer Outlet Pressure in wg
Excess Air 6r Oxygen at Ecornomizer Qutlet (full load/min Toad) %
Economizer Qutlet Gas Floy acfm
Ib/hr
Air Heater Qutlet Temperature 369.22 299,15 317.59(°F
Air Heater-Qutlet Pressure inwg.
Particulate: Control:Equiprment Outlet: Temperature: 1326 128:4 132:8[°F Summer design Temperature
Particulate Control-Equipment Qutlet Pressur inwg. ID Fan Suction Pressure
FGD:Qutlet Temperature:(if applicable) 1 °F
FGD Outlet Pressture (if applicable) inwg.
Page 2 of 5
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

Cane Run.xlsx 6/16/2010

Black & Veatch AQCS Intormation Needs

Power Plant: Cane Run Owner: Louisville Gas & Electric
Unit Project:
NOx Emissions CR4 CRS CR8 Notes
Emissions Limit 0:33 0:3934 0:3276{Ib/MBtu
Typeof NOx Control:(if-any) - LNB; OFA;etc: LNB LNB OFA
Current NOx Reduction with existing controls %
Type of Ammonia Reagent Used (Anhydrous or % H,O or Urea) N/A N/A N/A
Reagent Cost $fton
Current Emissions 0.337 0.384 0.286|Ib/hr
|ton/yr
Ib/MBtu
Particulate Emissions
Emissions Limit 0.1 0:11 0:11{Ib/MBtu
Type of Emission Control = Hot Side ESP; Cold:Side ESP-or-FF
Oxygen:Content of Flue Gas: @ ‘Air- Heater Outlet 5.78 5.8 4.53|%
Oxygen Content of Flug-Gas @ ESPIFF-Qutlet: %
Current Emission: 0.041 0.034 0.024|lb/MBtu
Fly Ash:Sold (YN} See Econcmic: Section i N N
ESP
Specific Collection Area (SCA) ft%/1000 acfm
Discharge Electrode Type |0.1 09" Copper Bessemer _ |0.109" Copper Bessemer
Supplier IResearch-CottreII Research-Cottrell Buell Engineering Original supplier
Efficiency 99.1 96.1 99.21%
No. of Electrical Sections 48 49
% of Fly Ash Sold N/A N/A N/A|%
Fabric Filter
Air to Cloth Ratio (net) ft/min
Number of Compartments
Number of Bags per Compartments
Efficiency %
% of Fly Ash Sold N/A N/A N/A|%
S0, Emissions
Emissions Limit 1: 1.2 1:2Ib/MBtu
Type of Emission Control - wet or semi-dry FGD (if any) Wet Wet Wetl
Current Ernission 0411 0:419 0.676|Ib/hr
|ton/yr
JibmBtu
Byproduct Sold (Y/N) - See Economic Section N N N|
Page 3 of 5
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

Cane Run.xlsx 6/16/2010

Black & Veatch AQCS Intormation Needs

Power Plant: Cane Run Owner: Louisville Gas & Electric

Unit Project:
ID Fan Information (at Full Load): Unit X Unit X Unit X Notes
ID-Fannlet Pressur -9:11 6.8 -9:841in wg.
{D-Fan:Discharge Pressure inwg.
1D Fan Inlét Temperature F
Oxygen Content of Flue -Gas @ 1D-Fan:Inlet %
1D Fan Motor Voltage (Rated) 4160 4160 4000]volts
1D Fan Motor Amps (Operating) 104: 194.37 146.11|A
ID-Fan:Motor: Amps:(Rated) 1 14 265|A
ID:Fan: Motcr: Power: (Rated) 1250 3000 2000]hp
ID‘Fan:Motor Service Factor (1:0°6f 1:15) 1 1 115
Chimney Information:
Flue Liner Material Pre-Krete Hadite/Pre-krete Hastalloy C276
Flue Diameter 142" 15'6" 24'41/2" |ft
Chimney Height 239 239 500|ft
Number of Flues 1 1 1

Drawing and Other Information Needs:

Baseline: pollutant emissions data for AQC:analysis:
Techtiical evaluations performed 16 support recent consent decree activity
Existing-Plant/AQC system: ‘general design and: performance issues
Full detailed boiler front side; and rear elevation drawing
Boiler-Design Data-(Boiler Data Sheat)
Ductwork Arrangement:Drawing:(emphasis from:sconomizer outlet to-airheater:intet)

Ductwork Arrangement:Drawing (emphasis from-air:-heater outlet to stack)

Plant Arrangement Drawings (showing column row spacing)
CEM:Quarterly and: Annual:Data (required:if base:emissions are to be verified)
Recent Particlilate Emission Test Report (If available)

Current Mereury Testing Results (If-available)

Current Site: Arrangement Drawing
Foundation: Drawings and/or Soils Report
Underground:Utilities: Drawings:
Plant One:Line Electrical Drawing
Fan:Curves for Existing |D:-Fans {including current system resistance curve)
Acceptable Fan Operating Margins
Plant Dutage Schediile

Specific burner and overfire air ports arrangement (single wall, opposed fired, total number of burners, number of burner levels, number of overfire air
ports, number of overfire air levels, etc.)

Page 4 of 5
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Cane Run.xlsx

Power Plant:

Unit

Black & Veatch AQCS Intormation Needs

Cane Run Owner:

Louisville Gas & Electric

Project:

Economic Evaluation Factors: Unit X Unit X Unit X
Remaining Plant Life/Economic Life 20 20 20
Annual Capacity Factor (over life of study/plant) 65 65 65
Contingency Margin (can be determined by B&V)
Owner Indirects Cost Margin
Interest During Construction
Levelized Fixed Charge Rate or Capital Recovery Factor
Present Worth Discount Rate 6.4 6.4 6.4
Capital Escalation Rate 4% 4% 4%
Q&M Escalation Rate 3% 3% 3%
Energy Cost (energy to run in-house equipment)
Replacement Energy Cost (required to be
purchased during unit outage)

Year-by-Year Fuel Prices (over life of study/plant)
Base Fuel Price
Fuel Price Escalation Rate
Water Cost
Limestone Cost N/A N/A N/A
Lime Cost $112.54 $112.54 $112.54
Ammonia Cost N/A N/A N/A
Fully Loaded Labor Rate (per person)
Fly Ash Sales N/A N/A N/A
Bottom Ash Sales N/A N/A N/A
FGD Byproduct Sales N/A N/A N/A
Waste Disposal Cost

Fly Ash $2.73

Bottom Ash $8.40

Scrubber Waste $3,469.00 $4,989.00 $8.734.00

Page 5 of 5

Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

years
%
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%
%
%
$/MWh

$/MWh
$/MBtu
$/ton
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$/ton
%
$/1,000 gal
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$fyear
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$/ton
$/ton

$/ton
$/ton
000$

6/16/2010

Notes

Total cost $773,013.3

Values represent total O&M cost for 2009. Plant Total

Values represent total O&M cost for 2009. Plant total

Values represent total O&M cost for 2009.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

Mill Creek

LGE-KU-00008513



Mill Creek.xls

Black & Veatch AQCS Intformation Needs

Power Plant:

Unit

1)
2
3)
4

References:

Owner:

Project:

Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

Yéllow highlight denotes Critical Focus Needs.

Fuel Data

Ultimate Coal ‘Analysis (%:by. mass as received):

Minimum

Maximum

Notes

Carbon

6/16/2010

Hydrogen
Sulfur

Nitrogen
Oxygen

Chlorine:

Ash

Moistur:

Total

Higher Heating Value, Btuflb (a8 received)

Ash Mineral Analysis (% by mass):
Silica(Si0 )
Alumina (Al,05)
Titania (TiOy)
Phosphorous Pentoxide (P;0s)
Calcium Oxide (Ca0)

Magnesium Oxide (MgO)
Sodium Oxide (Na,0)

Iron Oxide (Fe,O,)
Sulfur Trioxide (SO5)
Potassium Oxide (K,0)

Coal Trace Element Analysis (mercury and especially arsenic if fly ash is returned to boiler)

Vanadium

Arsenic

Mercury

Other LOI

Natural gas firing capability (if any at all)

Natural gas line (into the station) capacity (if applicable)

Current Lost on Ignition (LOIl)
Start-up Fuel

Ash Fusion Temperature
Initial Deformation
Softening

Hemispherical

Hardgrove Grindability Index

%
%
% or ppm
%

Page 1 of 5
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

Mill Creek.xls 6/16/2010

Black & Veatch AQCS Intformation Needs

Power Plant: Owner:

Unit Project:
Plant Size and Operation Data: (provide for each unit] Unit 1 | Unit 2 | Unit 3 Unit4 Notes
Maximurm:(Design)-Fusl Buin'Rate B&V can determine some values from previous VISTA MBtu/hr
Boiler Type:{e.g: wall-fired; tangential fired; cycl ) Tangential-fired -] Tangential fired PE |-wall Pk L wall
Boiler Manufacturer CE CE B&W. B8W
Net-MW Rating {specify plant-or turbire W) i diry S03MW S0SMW. 397TMW. 492MW. MW
Gross MW Rating et rating 330MW 330MW. 423MW. 525MW. MW
Net Unit Heat Rate 10639 10929 10802 10410 BtwkWh
Net Turbine Heat:Rate Btu/kWh
Boiler SO2 to SO3:Cornversion Rate: (if knowin) %
Fly-Ash/Bottorm Ash Split 80/20 0720 80720 80120 %
Flue:Gas Recirculation: (FGR)

Ingtalled? (Y/N N N N N
In:operation?: (Y/N!

Flue Gas Recirculation: (if installed) %
Type of Air Heater Air Preheater Co: | A Picheater Co: Ljungstrom Ljungstrom
AirHeater:Configuration: (horizontal-orvertical fi r'shaft) ertical Flow rtical Flow: rtical Fi ertical Flow
Design:PressurefNacuum Rating for Steam - Generator + inwg.
Design:Pressure/Vacuum Ratinig for Particulate Control # inwg.

Electrical / Control

DCS Manufacturer (e.g. Westinghouse, Foxboro, Honeywell, etc.) Honeywell Honeywell Honeywel Honeywell
Type of DCS (e.g. WDPF, Ovation, Net 90, Infi 90, Symphony, TDC
3000, etc.) TC3000 Experion
Neural Network Installed? (Y/N) Y Y N N

Neural Network Manufacturer (e.g. Pegasus, Westinghouse, etc.) Neuco Neuco
Extra Capacity available in DCS? minimal minimal minimal minimal
Historian Manufacturer Honeywell Honeywell Honeywell Honeywell

Additional Controls from DCS or local PLC witie-in

Transformer Rating for Intermediate Voltage Switchgear

Capaucity of Spare Electrical Cubicles in Existing MCC's and LCUS's
(SUS's) and Ratings of Equipment in These Cubicles

Auxiliary Electric Limited (Y/N) N N N N

Operating Conditions

Economizer Outlet Temperature 760 760 690 640.°F
Economizer-Outlet Pressur. =5 inwg.
Excess Airor Oxygen:at Economizer: Outlet (full-load/min-load): S 5 5 5 %
Economizer Qutlet Gas Flow 1624804 1524804 1958726 2239453 acfm
2976508 2976508 4056287 4848440: Ib/hr
Ait Heater Outlet Temperatiire 378 3751 325 315:°F
Air-Heater Outlet Pressur =10 10 1 “18-inwg.
Particulate Contral Equipment Outlet Temperature 375 375 325 315:°F
Particulate Conttal Eqiipment Outlet:Pressure =14 -11' =23 =21:in wg.
EGD:Qutlet Temperature:(if applicable) 1 133} 130 130°F
FGD Outlet Pressiire (if applicabl 1 1] 1 1:in wg.
Page 2 of 5
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Mill Creek.xls

Black & Veatch AQCS Intformation Needs

Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

Power Plant: Owner:
Unit Project:
NOx Emissions Unit 1 Unit 2 Unit 3 Unit4
Emissions Limit | 0.7 0.7 Ib/MBtu
Type:of NOx Control{if any):= LNB; OFA etc: LNB/OEA LNB/OEA LNB/SCR LNB/SCR
Cirrent NOX Reduction with: existing ¢ontrols: 90% S0% %
Type of Ammonia Reagent Used (Anhydrous or % H,O or Urea) Anhydrous Anhydrous
Reagent Cost 500 500 $iton
Current Emissions 032 0.05 0.05 Ibhr
tonfyr
Ib/MBtu
Particulate Emissions
Emissions Limit 0115 0:115 0.105 0105 Ib/MBtu
Type: of Emission:Control = Hot:Side:ESP; Cold Side: ESP or FF Cold Side: ESP::::Cold Side ESP::::Cold: Side ESP.:: Cold: Side ESP.
Oxygen:Content of Flue Gas @ Air Heater Outlet 4 4 4 4 %
Oxygen Content-of Flue Gas @ ESPIFF: Qutlet 4 4 4 4 %
Current: Emissions 0. 0:48 00! 0.04 Ib/MBtu
Fly Ash:Sold (Y/N):=:See Economic Section Y Y Y.
ESP
Specific Collection Area (SCA) /1000 acfm
Discharge Electrode Type
Supplier
Efficiency %
No. of Electrical Sections
% of Fly Ash Sold %
Fabric Filter
Air to Cloth Ratio (net) ft/min
Number of Compartments
Number of Bags per Compartments
Efficiency %
% of Fly Ash Sold %
S0, Emissions
Emissions Limit 1: 1. 1 1 Ib/MBtu
Type of Emission Control - wet or semi-dry FGD (if any) Wet FGD ‘Wet FGD Wet FDG \Wet FGD
Current Emissions 0:4 0:4 0:58 0:47 Ib/hr
tonfyr
Ib/MBtu
Byproduct Sold (Y/N) - See Economic Section
Page 3 of 5
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Very minimal at this point in time
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Mill Creek.xls

Power Plant:

Black & Veatch AQCS Intformation Needs

Owner:

Project:

ID Fan Information (at Full Load): Unit 2

Unit 3

Unit 4

ID-Fan‘inletPressure =16.5]

|D:Fan:Discharge Pressure B =1

|D:-Fan Ihlet Temperatiir yle 40

330:-F

A%

Oxygen Contentof Flue Gas @D -Fan inlet: 4 :

1D Fan Motor Voltage (Rated) 4160

4160

4160.volts

ID-Fan Motor Amps (Operating) 7 7

920

T15:A

ID:Fan:Motor Amps:(Rated)

1176

A

ID:Fan:Motor Power: (Rated)

9000

9500 hp

ID:Fan‘Motor Service Factor (1:0 o1 1:15) 1.1 1.1

115

Chimney Information:

Flue Liner Material C276 C276 C276

C276

Flue Diameter 15'6" 15' 6" 19 6"

19'6"

Chimney Height 623 623

630

630 ft

Number of Flues 1 1

Drawing and Other Information Needs:

Baseline pollutant emissions:data:for AQC:analysis

Technical evaluations performed to 'suppoit recent consent decree activity

Existing Plant/AQC system ‘general design and: performance issues

Full:detaited baoiler front; side; and rear elevation drawings:

Bailer-Design -Data-(Boiler-Data- Sheat)

Ductwark Arrangement Drawing:(emphasis from economizer outlet toair-heater inlet)

Ductwork Arrangement Drawing:(emphasis:from air: heater-outlet to stack)

Plant Arrangement Drawings (showing ¢olumn row spacing)

CEM: Quarterly-and:Annual Data (required:if-base emissions-are to be verified)

Récent Particulate Emission Test Repoit (if available)

Current Mercury Testing Results (If available)

Current Site Arrangement Drawing

Foundation Drawings andfor Soils Report

Underground: Utilites Drawings

Plant One Line:Electrical Drawing

Fan-Cunves for Existing 1D Fans (including current system resistance curve)

Acceptable Fan Operating Margin

Plaiit Qitage Schediile

overfire air ports, number of overfire air levels, etc.)

Page 4 of 5

-23-in wg.
inwg.

Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

6/16/2010

Notes

top of liner

182 share a common stack
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Mill Creek.xls

Black & Veatch AQCS Intformation Needs

Power Plant:

Economic Evaluation Factors:

Remaining Plant Life/Economic Life

Annual Capacity Factor (over life of study/plant)

Contingency Margin (can be determined by B&V)

Owner Indirects Cost Margin

Interest During Construction

Levelized Fixed Charge Rate or Capital Recovery Factor

Present Worth Discount Rate

Capital Escalation Rate

Q&M Escalation Rate

Energy Cost (energy to run in-house equipment)

Replacement Energy Cost (required to be
purchased during unit outage)

Year-by-Year Fuel Prices (over life of study/plant)

Base Fuel Price

Fuel Price Escalation Rate
Water Cost
Limestone Cost
Lime Cost
Ammonia Cost
Fully Loaded Labor Rate (per person)
Fly Ash Sales
Bottom Ash Sales
FGD Byproduct Sales
Waste Disposal Cost
Fly Ash
Bottom Ash
Scrubber Waste

Owner:
Project:

Unit X

Unit X

Unit X

Unit X

Page 5 of 5

Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

years

%
$/MWh

$/MWh
$/MBtu
$iton
$/MBtu
$iton
%
$/1,000 gal
$iton
$iton
$iton
$iyear
$iton
$iton
$iton

$iton
$iton
$iton

Notes

6/16/2010
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

Trimble County
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Trimble.xls

Black & Veatch AQCS Intformation Needs

Power Plant: Trimble

Unit

1)
2
3)
4

TC1and TC2

References:

Owner:

Project:

Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

Yéllow highlight denotes Critical Focus Needs.

Fuel Data

Ultimate Coal ‘Analysis (%:by. mass as received):

Typical

Minimum

Maximum

Notes

Carbon

Hydrogen
Sulfur

Nitrogen
Oxygen

6/16/2010

Chlorine:

Ash

Moistur:

Total

Higher Heating Value, Btuflb (a8 received)

Ash Mineral Analysis (% by mass):
Silica(Si0 )
Alumina (Al,05)
Titania (TiOy)
Phosphorous Pentoxide (P;0s)
Calcium Oxide (Ca0)

Magnesium Oxide (MgO)
Sodium Oxide (Na,0)

Iron Oxide (Fe,O,)
Sulfur Trioxide (SO5)
Potassium Oxide (K,0)

Coal Trace Element Analysis (mercury and especially arsenic if fly ash is returned to boiler)

Vanadium

Arsenic

Mercury

Other LOI

Natural gas firing capability (if any at all)

Natural gas line (into the station) capacity (if applicable)

Current Lost on Ignition (LOIl)
Start-up Fuel

Ash Fusion Temperature
Initial Deformation
Softening

Hemispherical

Hardgrove Grindability Index

%
%
% or ppm
%

Page 1 of 5
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

Trimble.xls 6/16/2010

Black & Veatch AQCS Intformation Needs

Power Plant: Trimble Owner:

Unit TC1and TC2 Project:
Plant Size and Operation Data: (provide for each unit] Unit 1 Unit 2 | Unit X Unit X Notes
Maximurm:(Design)-Fusl Buin'Rate B&V can determine some values from previous VISTA MBtu/hr
Boiler Type:{e.g: wall-fired; tangential fired; cycl ) Tangential Wallfired
Boiler Manufacturer Combustion Engineéting Déosan
Net-MW Rating (specify plant-or turbine: MWy turbine 51 760 MW
Gross MW Rating 54 509 MW
Net Unit Heat Rate 10372]8662 guatentiecd BtwkwWh
Net Turbine Heat Rate: gross8362.53 7066 turbine guarenteed Btu/kWh
Boiler SO2 to SO3:Cornversion Rate: (if knowin) NA 0.068: Ib/MMBLU less than this at ECon outlet %
Fly-Ash/Bottorm Ash Split 80/20 0720 %
Flue:Gas Recirculation: (FGR)

Ingtalled? (Y/N N N
In:operation?: (Y/N! N NA

Flue Gas Recirculation: (if installed) NA NA %
Type of Air Heater Regenerative Regenerative
AirHeater:Configuration: (horizontal-orvertical fi r'shaft) ertical 2 layer | Vertical 2 layer
Design:PressurefNacuum Rating for Steam - Generator += 6.5]24/35 +1::24 on continuous: /=35 on fransient basis: inwg.
Design:Pressure/Vacuum Ratinig for Particulate Control +-42:at100% 25/-6:+/-35 for DESP: PIFF#25/-6 inwg.
Electrical / Control

DCS Manufacturer (e.g. Westinghouse, Foxboro, Honeywell, etc.) Emerson Emerson

Type of DCS (e.g. WDPF, Ovation, Net 90, Infi 90, Symphony, TDC

3000, etc.) Ovation QOvation
Neural Network Installed? (Y/N) N N
Neural Network Manufacturer (e.g. Pegasus, Westinghouse, etc.) N/A N/A
Extra Capacity available in DCS? Y Y
Historian Manufacturer Emerson Emerson
Additional Controls from DCS or local PLC witie-in Y Y
Transformer Rating for Intermediate Voltage Switchgear 100.8 MVA? Need better definintion
(SUS's) and Ratings of Equipment in These Cubicles NA
Auxiliary Electric Limited (Y/N) N
Operating Conditions
Economizer Outlet Temperature 700 5861 °F
Economizer Outlet Pressure B inwg
Excéss Air-or Oxygen-at Economizéer Outlet (full load/min load) 2/8:15:25% %
Economizer Outlet Gags Fl N/A 3200333 acfm
N Ib/hr
Air Heater Qutlet Temperature 600 3241 °F
AirHeater:Outlet Pressur diff 6 inwg.
Particulate: Contral Equipment Outlet Temperature: NFA 313 F
Particulate: Control Equipment Qutlet:Pressure Q.3 inwg.
FGD:Qutlet Temperature:(if-applicable) 1301 1:2:9 diff °F
FGD:Outlet Presstre (if applicable) inwg. stack draft
Page 2 of 5
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

Trimble.xls 6/16/2010

Black & Veatch AQCS Intformation Needs

Power Plant: Trimble Owner:
Unit TC1and TC2 Project:
NOx Emissions Unit 1 Unit 2 Unit X Unit X Notes
Emissions: Limit Ib/MBtu
Type: of:NOx:Controf {if any)-LNE, OFA etc:
Cirrent NOX Reduction with: existing ¢ontrols: %
Type of Ammonia Reagent Used (Anhydrous or % H,O or Urea)
Reagent Cost $iton
Current Emissions Ibrhr
tonfyr
Ib/MBtu

Particulate Emissions

Emissions Limit Ib/MBtu
Typs of Emission Control - Hot:Side ESP, Cold Side ESP or FF

Oxygen:Content of Flue Gas @ Air Heater Outlet %
Oxygen Content-of Flue Gas @ ESPIFF: Qutlet %
Current: Emissions Ib/MBtu

Fly Ash:Sold (Y/N):=:See Economic Section

ESP
Specific Collection Area (SCA) /1000 acfm
Discharge Electrode Type
Supplier

Efficiency %
No. of Electrical Sections
% of Fly Ash Sold %

Fabric Filter
Air to Cloth Ratio (net) ft/min
Number of Compartments

Number of Bags per Compartments
Efficiency %
% of Fly Ash Sold %

S0, Emissions

Emissions Limit Ib/MBtu

Type of Emission Control - wet or semi-dry FGD (if any)

Current Emissions Ib/hr
tonfyr
Ib/MBtu

Byproduct Sold (Y/N) - See Economic Section

Page 3 of 5
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Trimble.xls

Black & Veatch AQCS Intformation Needs

Power Plant: Trimble Owner:

TC1and TC2 Project:

ID Fan Information (at Full Load): Unit 1 Unit 2

Unit X

ID-Fan‘inletPressure 03 23 08]

|D:Fan:Discharge Pressure -0.3 15

|D:-Fan Ihlet Temperatiir 300 il

Oxygen Contentof Flue Gas @D -Fan inlet: & 4:2:9;

1D Fan Motor Voltage (Rated) 6600 13200

ID-Fan Motor Amps (Operating) 535|NA

ID:Fan:Motor Amps: (Rated) 40 760

ID:Fan:Motor Power: (Rated) 900¢ 0241

ID:Fan‘Motor Service Factor (1:0 o1 1:15) 1.1 1.1

Chimney Information:
Flue Liner Material FRP FRP

Flue Diameter 18 18'& 10'

Chimney Height 754 754'

Number of Flues 1 2

Drawing and Other Information Needs:

Baseline pollutant emissions:data:for AQC:analysis

Technical evaluations performed to 'suppoit recent consent decree activity

Existing Plant/AQC system ‘general design and: performance issues

Full:detaited baoiler front; side; and rear elevation drawings:

Bailer-Design -Data-(Boiler-Data- Sheat)

Ductwark Arrangement Drawing:(emphasis from economizer outlet toair-heater inlet)

Ductwork Arrangement Drawing:(emphasis:from air: heater-outlet to stack)

Plant Arrangement Drawings (showing ¢olumn row spacing)

CEM: Quarterly-and:Annual Data (required:if-base emissions-are to be verified)

Récent Particulate Emission Test Repoit (if available)

Current Mercury Testing Results (If available)

Current Site Arrangement Drawing

Foundation Drawings andfor Soils Report

Underground: Utilites Drawings

Plant One Line:Electrical Drawing

Fan-Cunves for Existing 1D Fans (including current system resistance curve)

Acceptable Fan Operating Margin

Plaiit Qitage Schediile

overfire air ports, number of overfire air levels, etc.)

Page 4 of 5

Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

6/16/2010

Notes

LGE-KU-00008523



Trimble.xls

Black & Veatch AQCS Intformation Needs

Power Plant: Trimble

TC1and TC2

Economic Evaluation Factors:

Remaining Plant Life/Economic Life

Annual Capacity Factor (over life of study/plant)

Contingency Margin (can be determined by B&V)

Owner Indirects Cost Margin

Interest During Construction

Levelized Fixed Charge Rate or Capital Recovery Factor

Present Worth Discount Rate

Capital Escalation Rate

Q&M Escalation Rate

Energy Cost (energy to run in-house equipment)

Replacement Energy Cost (required to be
purchased during unit outage)

Year-by-Year Fuel Prices (over life of study/plant)

Base Fuel Price

Fuel Price Escalation Rate
Water Cost
Limestone Cost
Lime Cost
Ammonia Cost
Fully Loaded Labor Rate (per person)
Fly Ash Sales
Bottom Ash Sales
FGD Byproduct Sales
Waste Disposal Cost
Fly Ash
Bottom Ash
Scrubber Waste

Owner:
Project:

Unit X

Unit X

Unit X

Unit X

Page 5 of 5

Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

years

%
$/MWh

$/MWh
$/MBtu
$iton
$/MBtu
$iton
%
$/1,000 gal
$iton
$iton
$iton
$iyear
$iton
$iton
$iton

$iton
$iton
$iton

Notes

6/16/2010
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

Green River
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Green River.xIsx

Power Plant:
Unit

1)
2
3)
4

Black & Veatch AQCS Intformation Needs

Green River Owner:

Project:

References:

Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

Yéllow highlight denotes Critical Focus Needs.

6/16/2010

Fuel Data

Ultimate Coal ‘Analysis (%:by. mass as received): Typical Minimum Maximum Notes
Carbon %
Hydrogen
Sulfur o
Nitrogen %
Oxygen

Chlorine: %
Ash %
Moistur

Total

Higher Heating Value, Btuflb (a8 received) Btu/lb

Ash Mineral Analysis (% by mass):

Silica(Si0 ) %
Alumina (Al,05) %
Titania (TiO;) %
Phosphorous Pentoxide (P;0s) %
Calcium Oxide (Ca0) %
Magnesium Oxide (MgO) %
Sodium Oxide (Na,0) %
Iron Oxide (Fe,O,) %
Sulfur Trioxide (SO5) %
Potassium Oxide (K,0) %

Coal Trace Element Analysis (mercury and especially arsenic if fly ash is returned to boiler)

Vanadium %

Arsenic %

Mercury % or ppm

Other LOI %

Natural gas firing capability (if any at all)

Natural gas line (into the station) capacity (if applicable)

Current Lost on Ignition (LOIl)

Start-up Fuel

Ash Fusion Temperature

Initial Deformation °F

Softening F

Hemispherical °F

Hardgrove Grindability Index

Page 1 of 5
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Green River.xIsx

Black & Veatch AQCS Intformation Needs

Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

Power Plant: Green River Owner:
Unit Project:
Plant Size and Operation Data: (provide for each unit] Unit 3 Unit 4 Unit X Unit X
Maximurm:(Design)-Fusl Buin'Rate 830 1 MBtu/hr
Boiler Type:{e.g: wall-fired; tangential fired; cycl ) Wall Fired Walt Eired
Boiler Manufacturer BSW B&W
Net-MW Rating (specify plant-or turbine: MWy 1 10: MW
Gross MW Rating 5 109 MW
Net Unit Heat Rate 11942 11 BtwkwWh
Net Turbine Heat:Rate Btu/kWh
Boiler SO2 to SO3:Cornversion Rate: (if knowin) Unknown Unknown %
Fly-Ash/Bottorm Ash Split 80/20 0720 %
Flue:Gas Recirculation: (FGR) NA NA
Ingtalled? (Y/N
In:operation?: (Y/N! NA NA
Flue Gas Recirculation: (if installed) NA N %
Type of Air Heater Tubular Lungstron
AirHeater:Configuration: (horizontal-orvertical fi r'shaft) Vertical Vertical
Design:PressurefNacuum Rating for Steam - Generator + A8 133 inwg.
Design:Pressure/Vacuum Ratinig for Particulate Control # 1 13: inwg.
Electrical / Control
DCS Manufacturer (e.g. Westinghouse, Foxboro, Honeywell, etc.) Honeywell Honeywell
Type of DCS (e.g. WDPF, Ovation, Net 90, Infi 90, Symphony, TDC
3000, etc.) Experion Experion
Neural Network Installed? (Y/N) N N
Neural Network Manufacturer (e.g. Pegasus, Westinghouse, etc.) NA NA
Extra Capacity available in DCS? Y Y
Historian Manufacturer Honeywell Honeywell
Additional Controls from DCS or local PLC witie-in Y Rockwell Y Rockwell
Transformer Rating for Intermediate Voltage Switchgear 7.5 MVA 9.375 MVA
(SUS's) and Ratings of Equipment in These Cubicles N/A N/A
Auxiliary Electric Limited (Y/N) N N
Operating Conditions
Economizer Qutlet Temperature 475 610 °F
Economizer Outlet Pressure =5 B inwg
Excéss Air-or Oxygen-at Economizéer Outlet (full load/min load) 25%: 25% %
Economizer Outlet Gags Fl acfm
510 68 Kibfhr
Air Heater Qutlet Temperature 243 363 °F
AirHeater:Outlet Pressur 9 =135 inwg.
Particulate: Contral Equipment Outlet Temperature: 30 600 F
Particulate: Control Equipment Qutlet:Pressure 11 =81 inwg.
FGD:Qutlet Temperature:(if-applicable) NA NA °F
FGD:Outlet Presstre (if applicable) NA INA inwg.
Page 2 of 5
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Notes
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

Green River.xIsx 6/16/2010

Black & Veatch AQCS Intformation Needs

Power Plant: Green River Owner:
Unit Project:
NOx Emissions Unit 3 Unit 4 Unit X Unit X Notes
Emissions: Limit 0:46 Q5 Ib/MBtu
Type: of:NOx:Controf {if any)-LNE, OFA etc: LNB: LNE:
Current NOX Reduction with existing controls NA NA %
Type of Ammonia Reagent Used (Anhydrous or % H,O or Urea) NA NA
Reagent Cost NA NA $iton
Current Emissions Ibrhr
tonfyr
0.398 0.384 Ib/MBtu
Particulate Emissions
Emissions Limit 0.29 014 Ib/MBtu
Typs of Emission Control - Hot:Side ESP, Cold Side ESP or FF Cold side Hot side:
Oxygen:Content of Flue Gas @ Air Heater Outlet ~5% ~5% %
Oxygen Content-of Flue Gas @ ESPIFF: Qutlet ~5% ~5% %
Current Emissions Complian Compliance Ib/MBtu Indirectly measured by Opacity
Fly Ash:Sold (Y/N):=:See Economic Section N N
ESP
Specific Collection Area (SCA) /1000 acfm
Discharge Electrode Type Weighted Wire | Weighted Wire
Supplier Buell Buell
Efficiency 98.50% 99% %
No. of Electrical Sections 6 7
% of Fly Ash Sold 0 0 %
Fabric Filter
Air to Cloth Ratio (net) NA NA ft/min
Number of Compartments NA NA
Number of Bags per Compartments NA NA
Efficiency NA NA %
% of Fly Ash Sold NA NA %
S0, Emissions
Emissions Limit 457 4:57 Ib/MBtu
Type of Emission Control - wet or semi-dry FGD (if any) NA NA
Current Emissions Ib/hr
5448 9276 tonfyr 2009 data
Ib/MBtu
Byproduct Sold (Y/N) - See Economic Section

Page 3 of 5
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Green River.xIsx

Black & Veatch AQCS Intformation Needs

Flue Diameter

Power Plant: Green River Owner:
Project:

ID Fan Information (at Full Load): Unit 3 Unit 4 Unit X Unit X
ID-Fan‘inletPressure 2155
|D:Fan:Discharge Pressure O -0.24
|D:-Fan Ihlet Temperatiir 230 365
Oxygen Contentof Flue Gas @D -Fan inlet: =5% 5%
1D Fan Motor Voltage (Rated) 2300 2300
ID-Fan Motor Amps (Operating) 105 30
ID:Fan:Motor Amps:(Rated) 98:3 4
ID:Fan:Motor Power: (Rated) 450 1000
ID:Fan‘Motor Service Factor (1:0 o1 1:15) 1 1
Chimney Information:
Flue Liner Material Brick Brick

12 11
Chimney Height 198 247
Number of Flues 1 1
Drawing and Other Information Needs:
Baseline pollutant emissions:data:for AQC:analysis
Technical evaluations performed to 'suppoit recent consent decree activity
Existing-Plant/AQC system: general design and: performance issues
Full:detaited baoiler front; side; and rear elevation drawings:
Bailer-Design -Data-(Boiler-Data- Sheat)
Ductwark Arrangement Drawing:(emphasis from economizer outlet toair-heater inlet)
Ductwork Arrangement Drawing:(emphasis:from air: heater-outlet to stack)
Plant Arrangement Drawings (showing ¢olumn row spacing)
CEM: Quarterly-and:Annual Data (required:if-base emissions-are to be verified)
Récent Particulate Emission Test Repoit (if available)
Current Mercury Testing Results (If available)
Current Site Arrangement Drawing
Foundation Drawings andfor Soils Report
Underground: Utilites Drawings
Plant One Line:Electrical Drawing
Fan-Cunves for Existing 1D Fans (including current system resistance curve)
Acceptable Fan Operating Margin
P!ant Qutage schediile Rk
overfire air ports, number of overfire air levels, etc.)

Page 4 of 5

Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

Notes

6/16/2010
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Green River.xIsx

Black & Veatch AQCS Intformation Needs

Power Plant: Green River

Economic Evaluation Factors:

Remaining Plant Life/Economic Life

Annual Capacity Factor (over life of study/plant)

Contingency Margin (can be determined by B&V)

Owner Indirects Cost Margin

Interest During Construction

Levelized Fixed Charge Rate or Capital Recovery Factor

Present Worth Discount Rate

Capital Escalation Rate

Q&M Escalation Rate

Energy Cost (energy to run in-house equipment)

Replacement Energy Cost (required to be
purchased during unit outage)

Year-by-Year Fuel Prices (over life of study/plant)

Base Fuel Price

Fuel Price Escalation Rate
Water Cost
Limestone Cost
Lime Cost
Ammonia Cost
Fully Loaded Labor Rate (per person)
Fly Ash Sales
Bottom Ash Sales
FGD Byproduct Sales
Waste Disposal Cost
Fly Ash
Bottom Ash
Scrubber Waste

Owner:
Project:

Unit X

Unit X

Unit X

Unit X

Page 5 of 5

Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

years

%
$/MWh

$/MWh
$/MBtu
$iton
$/MBtu
$iton
%
$/1,000 gal
$iton
$iton
$iton
$iyear
$iton
$iton
$iton

$iton
$iton
$iton

Notes

6/16/2010
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US - Air Quality Control
Technology Assessment Appendix C

Appendix C
Project.Design Memorandum (Design Basis)
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

67387

=ON Fleetwide Study Dasign Rasis
EON
EW Brown, Ghent, Cane Run, Milt Creek, Trimble Caunty, Green:River:
Design Basis
6/1/2010
Unit Designation EW Brown Ghent Cane Run Mill Creek Trimble County. Green River
1 2 3 2 4 4 5 3 4 1 2 Reference
Ultimate Coal analysis, wet basis
Carbon, % 61.20 61.20 61.20 61.2 61.20 61.20 61.20 61.21 61.20 61.20 61.20 61.20 61.20 61.20 61.20 61.20 65.41 65.41 Data from
Hydrogen, % 4.28 4.28 4.28 4.2 4. 4.28 4.28 4.2 4.28 4.28 4.2 4. 4.28 4. 4.2 4.28 448 4.4 Data from
Sulfur, % 3.36 .36 .36 3 3.36 3.36 3.3 .36 .36 .36 3. 3.36 3. 3.3 .36 260 . Data from
Nitrogen. % 1.27 27 27 2 . 1.27 1.27 1.2 27 27 2 1. 1.27 1. 1.2 27 134 .34 Data from
Chlorine, % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Data from E-ON
Oxygen, % 5.89 6.89 6.89 685 6.89 6.89 6.89 £.89 6.89 6.89 £.8¢ 6.89 6.89 6.89 689 6.89 889 6.69 Data from E-ON
Ash, % 12.00 12.00 12.00 12.00 12.00 12.00 12.00 1200 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 .00 9.00 Data from E-ON
Moisture, % 11.00 11.00 11.00 11.00 11.00 11.00 11.00 1100 11.00 11.00 11.00 11.00 11.00 11.00 11.00 11.00 10.50 10.50 Data from E-ON
Higher Heating Value, Btuflb 11,200 11,200 11,200 11,200 11,200 11,200 11,200 11,200 11,200 11,200 11,200 11,200 11,200 11,200 11,200 11,200 11600 11,600 Data from E-ON
Trace Metal Analysis, ppm
Antimony (Sb) 105 1.05 1.05 1.08 1.05 1.05 1.05 1.05 1.05 1.05 1.0% 1.05 1.05 1.05 1.05 1.05 107 1.07 Data from E-ON
Arsenic (As) 13.00 13.00 13.00 13.00 13.00 13.00 13.00 1300 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 1C.00 10.00 Data from E-ON
Barium (Ba) 74.00 74.00 74.00 74.00 74.00 74.00 74.00 7400 74.00 74.00 74.00 74.00 74.00 74.00 74.00 74.00 4£.00 49.00 Data from E-ON
Cadmium (Cd) 2.65 0.65 0.65 o 0.65 0.65 0.65 .65 0.65 0.65 0.6 0.65 0.65 0.65 065 0.65 630 0.30 Data from E-ON
Chlorine (Cl) 1600.00 1600.00 1600.00 1600.00 1600.00 1600.00 1600.00 1600.00 1600.00 1600.00 1600.00 1600.00 1600.00 1600.00 1600.00 1600.00 1845.00 1845.00 Data from E-ON
Chromium (Cr) 23.00 23.00 23.00 2300 23.00 23.00 23.00 2300 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00 17.00 17.00 Data from E-ON
Fluorine (F) 98.00 98.00 98.00 9E.00 98.00 98.00 98.00 98.00 98.00 98.00 8.00 98.00 98.00 98.00 88.00 98.00 71.00 71.00 Data from E-ON
Lead (Pb) 11.00 11.00 11.00 11.00 11.00 11.00 11.00 11.00 11.00 11.00 11.00 11.00 11.00 11.00 11.00 11.00 11.00 11.00 Data from E-ON
Magnesium (Mg) 884 0C 684.00 684.00 884.00 684.00 684 .00 68400 684.00 684.00 884 60 684.00 68400 684.00 884.00 684.00 503.00 509.00 Data from E-ON
Mercury (Hg) 912 0.12 0.12 01z 0.12 0.12 0.12 012 0.12 012 0.12 0.12 0.12 012 0.12 610 0.10 Data from E-ON
Nickel (Ni) 20.00 20.00 20.00 2C.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 14.00 14.00 Data from E-ON
Selenium (Se) 2.84 2.94 2.94 294 2.94 2.94 284 294 294 294 2.94 2.94 2.94 284 294 183 1.93 Data from E-ON
Strontium (Sr) 46.00 56.00 56.00 SE.00 56.00 56.00 56.00 56.00 56.00 56.00 56.00 56.00 56.00 56.00 56.00 30.00 30.00 Data from E-ON
Vanadium (V) 40.00 4000 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00 Data from E-ON
Zinc (Zn) 48.00 48.00 48.00 4€.00 48.00 48.00 48.00 48.00 48.00 48.90 48.00 48.00 48.00 48.00 48.00 50.00 50.00 Data from E-ON
Ash Analysis, % by mass
Alumina (AI203) 21.68 2169 21.69 21.68 21.69 21.69 21.69 2169 21.69 21.69 21.68 21.69 21.69 2169 2168 21.69 16.45 1945 Data from E-ON
Barium Oxide (BaO) 9.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.06 0.06 Data from E-ON
Lime (CaQ) 2.74 2.74 2.74 274 2.74 2.74 2.74 2.74 274 274 2.74 2.74 2.74 2.74 274 274 289 2.89 Data from E-ON
Iron Oxide (Fe203) 21.80 21.80 21.80 21.80 21.80 21.80 21.80 2180 21.80 21.80 21.80 21.80 21.80 21.80 21.80 21.80 19.90 19.90 Data from E-O
Magnesia (MgO) 0.81 0.91 0.91 081 0.91 .91 .91 0.91 091 0.91 0.81 0.91 91 .91 091 091 091 0.91 Data from E-O!
Manganese Oxide (MnO) 0.04 0.04 0.04 0.04 0.04 .04 04 0.04 0.04 0.04 0.04 0.04 .04 .04 0.04 0.04 0.04 0.04 Data from E-O!
Phosphorous Pentoxide (P205) 0.26 0.26 0.26 0.26 0.26 26 6 0.26 0.26 0.26 0.26 0.26 26 6 0.26 0.26 0.21 0.21 Data from E-Ol
Potassium Oxide (K20 233 233 233 233 233 .33 33 2.33 233 233 233 2.33 33 .33 2.33 233 241 241 Data from E-O
Silica (Si02) 45.88 4588 45.88 45.88 45.88 45.88 45.88 4588 45.88 45.88 45.88 45.68 45.88 45.88 45.88 45.88 45.65 49.65 Data from E-ON
Sodium Oxide (Na20) 0.48 0.48 048 048 048 0.48 048 0.48 048 048 048 0.48 048 0.48 048 048 077 0.77 Data from E-ON
Strontium Oxide (SrO) 0.05 0.05 0.05 0.08 0.05 0.05 0.05 0.08 0.05 0.05 0.0% 0.0 0.05 0.05 005 0.05 0.04 0.04 Data from E-ON
Sulfur Trioxide (SO3) 258 2.58 258 2.58 258 2.58 258 2.58 2.58 2.58 258 2.58 2.58 2.58 2.58 2.58 247 247 IData from E-ON
Titania (TiO2) 104 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.08 1.08 IData from E-ON
Undetermined 012 0.12 0.12 012 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 012 0.12 013 0.13 Data from E-ON
Unit Characteristics
Gross Turbine Generator Load, MW 118 180 457 541 817 523 528 1€8 181 281 330 330 423 525 547 760 b 108 Data from E-ON
Boiler Efficiency, % (HHV) 85.32 8673 86.53 BET4 86.83 86.31 8677 8512 87.14 87.08 85.40 8340 86.51 &6.51 86.88 86.92 88.02 85.25 Data from E-ON
Boiler Heat Input, MBtu/hr (HHV) 98980 1.665.50 412043 5,369 4527 5496 £473 1,603 1,757 2588 3224 331 4.208 5,122 8310 G583 848 1,150 Data from E-ON
Coal Flow Rate, Ib/hr 83,268 1487085 367,895 478375 386,338 480714 4€8.661 143125 156,875 231,181 287,857 283828 375.804 457321 474,107 587,768 73403 89,138 IData from E-ON
Capacity Factor, % 44.00 6200 57.00 81.00 71.00 78.00 77.00 6000 5200 54.00 68.00 73.00 75.00 75.00 85.00 87.00 26.00 32.00 | Data from E-ON
Fly Ash Portion of Total Ash, % 300 80.0 8060 80.¢ 800 803 300 800 800 80.0 800 £0.0 800 300 8co BOOD 800 80.0 Data from E-ON
Air Heater Leakage, % 100 10.0 104 10.c 100 100 0o 187 17.0 78 100 0.0 100 100 6.0 6.0 &8 88 Data from E-ON
Excess Air, % 34.352 18.2568 16.848 18258 21.928 21.926 23433 2000 20.0C 20.00 20.90 23.00 20.00 20.00 18.258 8.700 25000 25.000 |Data from E-ON
izer OQutlet Conditions
Flue Gas Temperature, F 650 750 Y 28 8§10 731 81 580 817 60 {60 890 640 00 586 475 §10 B&Y Combustion Calculations
Flue Gas Pressure, in. w.g. -8.0 -37 -5.0 -3.7 -5.1 -5.1 45 -40 -£.0 -5.0 5.0 -5.3 -50 -8.0 -8.0 -5.0 -3.0 B&Y Combustion Calculations
Flue Gas Mass Flow Rate, Ib/hr 1.080.927 1.615.221 3.952.267 5,206,933 4.316.060 5482104 5.397.550 1.57£.868 2.544.85€ 3.169.02¢ 3.254.545 4.137.234 5.034.667 5149714 6455 853 88£.785 1.202.503 B&Y Combustion Calculations
Volurnetric Flue Gas Flow Rate, acfm 509.072 798739 1855176 2,583,081 1.822 833 2718181 2805958 880015 1,137 37¢ 1.808.445 1.651848 1879343 2.303938 2,480,348 2316034 345,085 538827 B&V Combustion Calculations
Uncontrolled Sulfur Dioxide Concentration, Ib/MBtu 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 4.48 4.48 = % Sulfurin Coal x 20,000 /HHV
Uncontrolled Sulfur Dioxide Mass Flow Rate, Ib/hr 5,883 9.883 24687 32181 25936 32,942 32,805 4,608 10,531 15,518 18,524 16,848 25228 30,701 31.828 35,458 5,798 5,150 B&Y Combustion Calculations
Uncontrolled PM Concentration, Ib/MBtu 6.746 8746 8.746 B8.746 8746 8.746 £.746 8746 8.74€ 8.746 8745 8746 8746 &6.746 8.746 8.746 6.334 6.334 B&V Combustion Calculations
Uncontrolled PM Mass Flow Rate, Ib/hr 8,744 14,566 36,037 46,957 37,844 48,068 47,867 14,020 15,367 22,643 28,197 28,958 36,812 44,797 46 441 57,575 5,371 7,284 = Uncontrolled PM (Ib/MBtu) x Heat Input (MBtu/hr)
Uncontrolled Mercury Concentration, Ib/TBtu 10.71 1071 10.71 1071 10.71 10.71 10.71 1071 1071 1071 10.71 10.71 10.71 1071 10.71 10.71 8.62 8.62 =Hg in Coal (ppm) x Coal Flow Rate (Ib/hr) /Heat Input (MBtu/hr)
Uncontrolled HCI Mass Flow Rate, Ib/hr 147 244.63 605.21 789 636 807 804 235 258 380 474 486 618 752 780 967 139 188 = HCl in Coal (ppm) /1,000,000 x Coal Flow Rate (Ib/hr) x MW of HCI / MW of CI
Uncontrolled HCI Concentration, Ib/MBtu 0.15 0.15 0.15 015 015 0.15 0.15 0.15 0.15 0.15 015 0.15 0.15 0.15 0.15 0.15 016 0.16 = HCI Flowrate (b/hr) / Heat Input (MBtu/hr)
Hot-Side ESP Outlet Conditions
Flue Gas Temperature, F 605 708 770 600 B&Y Combustion Calculations
Flue Gas Pressure, in. w.g. . . . . -10.80 -10.90 -i0.8 X . . . . . . . . . -B.1 B&Y Combustion Calculations
Flue Gas Mass Flow Rate, lb/hr No !-Iol-side ESF. | No !-Iot-side ESP. | No !-Iot-elde ESP. | No !-Int-slde ESP. 2531 863 5.756.200 5 667437 No !-Iot-slde ESP. | No !-Iot-elde ESP. [ No !-Iot-slde ESP. | No !-Int-slde ESP. | No !-Iot-slde ESP. | No Hot-slde ESP. | No I:Iot-slde ESP. | No !-Iot-side ESP. | No !-Iot-slde ESP. | No !-Iot-slde ESP. 1262.728 B&Y Combustion Calculations
Volumetric Flue Gas Flow Rate, acfm Unit rlas aCold- | Unit .has aCold- | Unit _has aCold- | Unit !1as a Cold- - 041 027 2 843 960 047 083 Unit rlas aCold- | Unit .has aCold- [ Unit _has aCold- | Unit has a Cold- Umt_has aCold- | Unit has a Cold- | Unit !Llasa Cold- | Unit rlas aCold- [ Unit .has aCold- | Unit _has a Cold- 562 236 B&Y Combustion Caloulations
= side ESP side ESP side ESP side ESP — = e side ESP side ESP side ESP side ESP side ESP side ESP side ESP side ESP side ESP side ESP e
Controlled PM Concentration, Ib/MBtu 0.0565 0.0451 00248 0.08 B&Y Combustion Calculations
Controlled PM Mass Flow Rate, Ib/hr 244 248 13573 92 = Controlled PM (Ib/MBtu) x Heat Input (MBtu/hr)
Particulate Removal Efficiency, % 99.35 99.48 99.72 98.74 = { 1- Controlled PM (b/MBtu) / Uncontrolled PM (Ib/MBtu) } x 100
SCR Qutlet Conditions
Flue Gas Temperature, F il TOR 770 540 640 700 HE6 B&V Combustion Calculations
Flue Gas Pressure, in. w.g. -13.2 -2080 -208 -130 -13.0 -168 AR B&V Combustion Calculations
Flue Gas Mass Flow Rate, Ib/hr No SCR No SCR New fsoERZ(IHIZ He 5,311,071 No SCR 5.871.333 5,780,786 No SCR No SCR No SCR No SCR No SCR 4218879 5,135,380 5,252,708 6,584 €70 No SCR No SCR B&V Combustion Calculations
Volumetric Flue Gas Flow Rate, acfm 2,682,371 2.877 658 3,085.628 2.061.162 2,288,175 2606716 2,810,265 B&Y Combustion Calculations
Controlled NOx Concentration, Ib/MBtu 0.0639 0.0479 00627 0.0584 0.058¢ 0.078 0.076 Data from E-ON
Controllad NOx Mass Flow Rate, Ib/hr 343 263 343 246 302 404 500 = Controlled NOx (Ib/MBtu) x Heat Input (MBtu/hr)
Air Heater Outlet C
Flue Gas Temperature, F 350 330 340 361 2309 322 308 368 288 318 375 375 330 330 320 324 243 362 B&Y Combustion Calculations
Flue Gas Pressure, in. w.g. -14.00 -8.00 -18.00 -22.4 -18.60 -36.10 -284 -80 -6.0 -8.0 -10.0 -i0.0 -180 -i8.0 225 -16.0 -§.0 -133 B&Y Combustion Calculations
Flue Gas Mass Flow Rate, Ib/hr 1.200.020 1776743 4,347 494 5,842,179 4.885.049 §.458.467 £,358,865 1.838.262 24021.310 2744081 3485932 3,580.000 4,641976 §.648.896 5777879 6,280.068 947.428 1.348.077 B&Y Combustion Calculations
Volurmetric Flue Gas Flow Rate, acfm 415,851 588648 1498187 2,001,568 1,857,754 2,288.308 2.175.582 841,787 842 682 858874 1,228,416 1,262,582 1.581.582 1,824 653 1,868.750 2,345 528 280,408 473583 B&V Combustion Calculations
Cold-Side ESP Outlet Cs
Flue Gas Temperature, F 340 320 330 358 369 298 318 340 340 330 330 320 324 230 B&Y Combustion Calculations
Flue Gas Pressure, in. w.g. -18.00 -12.00 -16.00 -25.7 N . N -81 -6.8 -3.8 -14.0 -14.0 -230 -21.0 -255 -18.0 -11.0 N B&V Combustion Calculations
Flue Gas Mass Flow Rate, Ib/hr 1.260,01 1,865,580 4564 669 6100288 | e B b e e s aa-side BSP 1 a31.205 2122378 2.881.28¢ 5660.028 3.756.000 874075 5.631.341 5,066,878 7.308872 594,797 | (1o Cold-side B8P |pgv Combustion Calulations
Volurnetric Flue Gas Flow Rate, acfm 436,197 618266 1,560 610 2,208 920 ESP ESP 676568 676,855 947,034 1.280 977 1,284 735 1.684 442 2,030,108 2,082,868 2,502,995 280818 ESP B&V Combustion Calculations
Controlled PM Concentration, Ib/MBtu 0.241 0.1 0.1 0.023 0.041 0.034 0.024 0.0385 0.0443 00517 0.0354 0.017 031 0.065 Data from E-ON
Controlled P Mass Flow Rate, Ib/hr 241 166.55 412.04 123 66 60 62 124 147 218 181 90 2041 53 = Controlled PM (Ib/MBtu) x Heat Input (MBtu/hr)
Particulate Removal Efficiency, % 97.24 98.86 98.86 99.74 9953 99.61 99.73 99.56 99.49 99.41 99.60 99.81 96.46 99.01 = { 1- Controlled PM (Ib/MBtu) / Uncontrolled PM (Ib/MBtu) } x 100
Fabric Filter Outlet Conditi
Flue Gas Temperature, F 33 B&V Combustion Calculations
Flue Gas Pressure, in. w.g. =231 B&Y Combustion Calculations
Flue Gas Mass Flow Rate, b/hr No Fabric Filter | NoFabric Filter | No FabricFilter | No Fabric Filter | No Fabric Filter | No Fabric Filter | No FabricFilter | No Fabric Fiter | No FabricFilter | No FabricFilter | No FabricFilter | NoFabric Filter | No Fabric Filter | NoFabric Filter | No FabricFilter L.398812 | o FabricFilter | No Fabric Filter ooy combustion Calculations
Volumetric Flue Gas Flow Rate, acfm 2,500,664 B&Y Combustion Calculations
Controllad P14 Concentration, Ib/MBtu 0.015 Data from E-ON
Controlled PM Mass Flow Rate, Ib/hr 99 = Controlled PM from fabric Filter (Ib/MBtu) x Heat Input (MBtu/hr,
Particulate Removal Efficiency, % 95.16 = { 1- FF Controlled PM glblMBtu)lESP Controlled PM glb/MBtu] X 100
1D Fan outlet Conditi
Flue Gas Temperature, F 356.08 33217 44644 376.64 32552 34634 33360 378.03 306.39 32781 35485 35515 34883 34882 34008 334 60 235491 371.558 B&V Combustion Calculations
Flue Gas Pressure, in. w.g. 10.00 10.00 10.00 §.1C 11.40 5.80 14.60 8.00 7.00 8.00 10.00 10.00 10.00 10.00 10.00 18.77 1.00 1.00 B&V Combustion Calculations
Flue Gas Mass Flow Rate, Ib/hr 1,260,021 1,865,580 4,564 868 6,134,288 4,985,049 6.458.487 6,358,865 1,831,225 2122378 2.681,288 3.660.228 3.758.000 4,874 075 5.8531.341 £.066.878 7.398.872 994,787 1,349,077 B&V Combustion Calculations
Volumetric Flue Gas Flow Rate, acfm 415,058 504 805 1481211 2,086,968 1,571,813 2,119437 2010789 656526 650,654 917.824 1.200.841 1,233,697 1.588 066 1,832543 1,854 644 2334113 284,778 461503 B&Y Combustion Calculations
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

=ON Fleetwide Study Dasign Rasis ‘67987
EON
EW Brown, Ghent, Cane Run, Milt Creek, Trimble Caunty, Green:River:
Design Basis
6/1/2010
Unit Designation EW Brown Ghent Cane Run Mill Creek Trimble County Green River
1 | 2 [ 3 2 3 4 4 5 3 A 1 4 Reference
|Scrubber Outlet Conditions {For 3 units combined to a common/shared scrubber)
Flue Gas Temperature, F 128.64 131.74 126.04 129.28 12850 131.19 125.96 126.80 130.50 130.32 12860 129.60 128,24 129.43
Flue Gas Pressure, in. w.g 2.00 170 150 2.00 1 .60 2.00 2.00 2.00 1.00 1.00 1.00 1.00 200 600
Flue Gas Mass Flow Rate, Ib/hr 8,136,067 6,534,148 5,252 880 6,834,132 6711801 2,056,208 2,226 116 3036144 3879,208 3.984.228 5157618 8277442 8,412,722 7.813.543 No No Scrubber  |B&Y Combustion Caleulations
Volumetric Flue Gas Flow Rate, acfm 2,028,766 1,643 977 1,306 064 1.705.743 1671656 517157 550 120 754452 972,502 993 878 1.281.025 1.571.358 1.588 535 1,927.087 B&V Combustion Calculations
Controlled Sulfur Dioxide Mass Flow Rate, Ib/hr 679 805 865 824 823 659 736 1.750 1515 1.556 2447 2407 441 548 B&Y Combustion Calculations
Controlled Sulfur Dioxide Concentration, Ib/MBtu 0.10 0.150 0.200 0.150 0.150 0411 0.419 0.676 047 047 058 047 0.083 0.083 = Controlled SO, (Ib/hr) / Heat Input (MBtu/hr)
Sulfur Dioxide Removal Efficiency, % 98.33 97.50 96.67 97.50 97.50 93.15 93.02 88.73 9217 9217 90.33 9217 98.62 98.62 = { 1- Controlled SO, ilb/MBtu) / Uncontrolled SO, (Ib/MBtu) } x 100
(Wet ESP Outlet Conditions
Flue Gas Temperature, F 12943 B&Y Combustion Calculations
Flue Gas Pressure, in. w.g. No WESP No WESP No WESP No WESP No WESP No WESP No WESP No WESP No WESP No WESP No WESP No WESP No WESP 200 No WESP No WESP B&Y Combustion Calculations
Flue Gas Mass Flow Rate, Ib/hr 7.813.543
\olumetric Flue Gas Flow Rate, acfm 1,045,843 B&Y Combustion Calculations
Stack Outlet Emissions’
Sulfur Dioxide Emission Concentration. Ib/MBtu 0.10 0.10 0.10 0.15 0.20 0.15 0.15 0411 0.418 0.676 047 047 0.58 0.47 0.083 0.083 448 4.48 Data from E-ON
Sulfur Dioxide Emission Rate, Io/hr 100 167 412 805 865 824 821 659 736 1,750 1515 1.556 2441 2407 441 546 3798 5,150 = SO, Emission (Ib/MBtu) x Heat Input (MBtu/hr)
PM Emission Concentration, Ib/MBtu 0.241 0.1 0.1 0.023 0.0565 0.0451 0.0248 0.041 0.034 0.024 0.0385 0.0443 0.0517 0.0354 0.017 0.015 0.063 0.08 Data from E-ON
PM Emission Rate, Ib/hr 241 167 412 123 244 248 136 66 60 62 124 147 218 181 20 29 53 92 = PM Emission (b/MBtu) x Heat Input (MBtu/hr)
NOx Emission Concentration, Ib/MBtu 04463 0.4574 03318 0.0639 0.276 0.0479 0.0627 0.3384 0.3843 0.272 03189 0.3138 00584 0.0589 0.076 0.076 04011 0.3864 Data from E-ON
NOx Emission Rate, Ib/r 446 728 1,368 343 1194 263 343 544 675 704 1,022 1.039 246 302 404 500 340 444 = NOx Emission (Ib/MBtu) x Heat Input (MBtu/hr)
Hg Emission Concentration, Ib/TBtu 50 50 50 20 35 20 20 35 35 35 3.0 30 25 25 12 1.0 £5 55 Data from E-ON
Hg Emission Rate, Ib/hr 5.00E-03 8.33E-03 2.06E-02 1.07E-02 1.51E-02 1.10E-02 1.09E-02 5.61E-03 6.15E-03 9.06E-03 9.67E-03 9.93E-03 1.05E-02 1.28E-02 6.37E-03 6.58E-03 4.66E-03 6.33E-03 = Hg Emission (Ib/TBtu) x Heat Input (MBtu/hr) / 1,000,000
HCI Emission Concentration. Ib/MBtu 0.002 0.002 0.002 0.0015 0.0017 0.0015 00015 0.00005 0.00085 0.00085 0.0018 0.0015 0.0015 0.0012 0.0C085 0.00085 0.017 0.017 Data from E-ON
HCI Emission Rate, Ib/hr 2 3 8 B 7 8 8 2 2 2 5 5 6 8 5 6 14 20 = HCI| Emission {lb/MBtu) x Heat Input (MBtu/hr)
CO Emission Concentration, Ib/MBtu = - - = - - - =~ = - - - - = - - B - CO Emissions are not known
CO Emission Rate, Ib/hr CO Emissions are not known
Dioxin/Furan Emission Concentration, Ib/MBtu - - - - - - - = - - - - - - - - - - Dioxin/Furan Emissions are not known
Dioxin/Furan Emission Rate, Ib/hr - - - - - = - - - - - = - = - - - - Dioxin/Furan Emissions are not known
Notes:
1. Current Outlet Emissions as noted in E-ON Matrix
Eevision History:
Rev Date Description
0 5/21/2010 Initial Issue
1 6/1/2010 Final Issue
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

CONTROL TECHNOLOGY DESCRIPTIONS

NOy Reduction Technologies

Low NO, Burners (LNB)

The new-generation LNB have better NOy removal performance than the first-
generation LNB and are a fundamental component of the boiler design. The term ultra-low
NO burners applies only to gas fired applications and does not apply to coal fired boilers.

LNB control the mixing of fuel and air in a pattern designed to minimize flame
temperatures and quickly dissipate heat. These burners typically reduce NOy by maintaining
a reducing atmosphere at the coal nozzle and diverting additional combustion air (to
complete combustion) to secondary air registers. This minimizes the reaction time at
oxygen-rich, high-temperature conditions. Conventional burners, however, typically mix
the secondary air with the primary air/fuel stream immediately following injection into the
furnace, creating a high intensity combustion process.

Wall mounted LNB are typically a multiple-register (damper) type with two separate
secondary airflow paths through the burner and into the furnace. Common features include
dedicated total secondary airflow control dampers and separate dedicated dampers or vanes
to control the flow and spin of the individual secondary airflows through the burner. The
vanes that control spin or flame shape are typically set during initial startup and then locked
in place.

Control and balancing of the secondary air, primary air, and coal distribution among
the burners is a basic requirement of all manufacturers. Typical allowable flow deviations
from the mean are 10 percent for individual burner air and coal flows. This requirement
may necessitate changes in operating procedures related to individual burner level turn
down at part load. Conversely, additional control provisions and flow monitoring capability
is required to preserve the option to operate with unbalanced firing at part load.

The basic NOy reduction principles for LNB are to control and balance the fuel and
air flow to each burner, and to control the amount and position of secondary air in the burner
zone so that fuel devolatization and high-temperature zones are not oxygen rich. Figure D-1
shows the low NOx burners
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

Figure D-1
Low NOx Bumers (Courtesy: DB Riley)

Overfire Air (OFA)

OFA is an air staging NOy reduction technique that is based on withholding 15 to 20
percent of the total combustion air conventionally supplied to the high temperature zone of
the furnace. OFA can be used in conjunction with the LNB system. Unbumed carbon and
combustible materials may increase as a result of the addition of OFA because of the staging
of the combustion process.

With the installation of an OFA system, the main combustion burners are operated at
or near stoichiometric ratio to limit available oxygen, flame temperature, and NOg
formation. The remainder of the combustion air is then injected through the OFA ports to
complete combustion. The quantity of OFA introduced is sufficient to increase the overall
excess air in the boiler to 15 to 20 percent to ensure complete combustion and maintain flue
gas flow through the convective sections of the boiler.

OFA systems reduce NOy formation by creating a fuel rich combustion zone. The
OFA is introduced above the main combustion zone (fuel is introduced in an oxygen-starved
environment) where fuel burnout can be completed at a lower temperature with fewer
volatile nitrogen-bearing combustion products.
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The OFA ports will be designed to allow adequate mixing of the combustion air and
flue gas and with sufficient temperatures and residence times to ensure complete
combustion to achieve optimum NOy reductions. The location of the OFA ports is critical in
achieving optimum NOy reductions without affecting unburned carbon losses. Figure D-2
shows the overfire air

Overfire
Air

Figure D-2
Overfire Air System

Selective Noncatalytic Reduction System (SNCR)

Selective non-catalytic NOy reduction systems rely on the appropriate reagent
injection temperature and good reagent/gas mixing rather than a catalyst to achieve NOy
reductions. SNCR systems can use either ammonia (Thermal DeNOy) or urea (NO,OUT)
as reagents.

The optimum temperature range for injection of ammonia or urea is 1,550 to
1,900°F. The NOy reduction efficiency of an SNCR system decreases rapidly at
temperatures outside this range. Injection of reagent below this temperature window
results in excessive ammonia slip emissions. Injection of reagent above this temperature
window results in increased NO, emissions. A PC boiler operates at temperatures of
between 2,500 and 3,000° F. Therefore, the optimum temperature window in a PC boiler
occurs somewhere in the backpass of the boiler. To further complicate matters, this
temperature location will change as a function of unit load. In addition, residence times
in this temperature range are very limited, further detracting from optimum SNCR
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performance. Finally, there is no provision for feedforward control of reagent injection,
relying only on feedback control. This results in over injection of reagent and high
ammonia slip emissions.

SNCR systems are less efficient NOy reduction systems than SCR systems. In
general, SNCR systems on large PC-fired boilers will be capable of only up to 50 percent
NOx reduction. Figure D-3 shows a schematic of SNCR system.

Injection Level 1

Ammonia or
Urea Storage Tank

Flue
Gas

Combustion Air —jj-

Figure D-3
Schematic of SNCR System with Multiple Injection Levels

Selective Catalytic Reduction System (SCR)

In an SCR system, ammonia is injected into the flue gas stream just upstream of a
catalytic reactor. The ammonia molecules in the presence of the catalyst dissociate a
significant portion of the NOy into nitrogen and water.

The aqueous ammonia is received and stored as a liquid. The ammonia is
vaporized and subsequently injected into the flue gas by compressed air or steam as a
carrier. Injection of the ammonia must occur at temperatures above 600° F to avoid
chemical reactions that are significant and operationally harmful. Catalyst and other
considerations limit the maximum SCR system operating temperature to 840°F.
Therefore, the system is typically located between the economizer outlet and the air
heater inlet. The SCR catalyst is housed in a reactor vessel, which is separate from the
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boiler. The conventional SCR catalysts are either homogeneous ceramic or metal
substrate coated. The catalyst composition is vanadium-based, with titanium included to
disperse the vanadium catalyst and tungsten added to minimize adverse SO; and SO;
oxidation reactions. An economizer bypass may be required to maintain the reactor
temperature during low load operation. This will reduce boiler efficiency at lower loads.

The SCR process is a complex system. The SCR requires precise NOy-to-
ammonia distribution in the presence of the active catalyst site to achieve current BACT
levels. In the past, removal efficiencies were the measure of catalyst systems because of
extremely high inlet NOy levels. Current technology SCR systems do not use removal
efficiency as a primary metric because the current generation of LNB/OFA systems limits
the amount of NOy available for removal. Essentially, as NOy is removed through the
initial layers of catalyst, the remaining layers have difficulty sustaining the reaction.

A number of alkali metals and trace elements (especially arsenic) poison the
catalyst, significantly affecting reactivity and life. Other elements such as sodium,
potassium, and zinc can also poison the catalyst by neutralizing the active catalyst sites.
Poisoning of the catalyst does not occur instantaneously, but is a continual steady process
that occurs over the life of the catalyst. As the catalyst becomes deactivated, ammonia
slip emissions increase, approaching design values. As a result, catalyst in a SCR system
is consumable, requiring periodic replacement at a frequency dependent on the level of
catalyst poisoning. However, effective catalyst management plans can be implemented
that significantly reduce catalyst replacement requirements.

There are two SCR system configurations that can be considered for application
on pulverized coal boilers: high dust and tail end. A high dust application locates the
SCR system before the particulate collection equipment, typically between the
economizer outlet and the air heater inlet. A tail end application locates the catalyst
downstream of the particulate and FGD control equipment.

The high dust application requires the SCR system to be located between the
economizer outlet and the air heater inlet in order to achieve the required optimum SCR
operating temperature of approximately 600° to 800° F. This system is subject to high
levels of trace elements and other flue gas constituents that poison the catalyst, as
previously noted. The tail end application of SCR would locate the catalyst downstream
of the particulate control and FGD equipment. Less catalyst volume is needed for the tail
end application, since the majority of the particulate and SO, (including the trace
elements that poison the catalyst) have been removed. However, a major disadvantage of
this alternative is a requirement for a gas-to-gas reheater and supplemental fuel firing to
achieve sufficient flue gas operating temperatures downstream of the FGD operating at
approximately 125°F. The required gas-to-gas reheater and supplemental firing
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necessary to raise the flue gas to the sufficient operating temperature is costly. The
higher front end capital costs and annual operating cost for the tail end systems present
higher overall costs compared to the high dust SCR option with no established emissions
control efficiency advantage. Figure D-4 shows a schematic diagram of SCR.
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Devices

Temperature
Measurement Grid

'- /Catalyst

| < Sonic Horns

Vaporized
Ammonia
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ypass Air Heater
Figure D-4
Schematic Diagram of a Typical SCR Reactor
SNCR/SCR Hybrid System

The SNCR/SCR hybrid system uses components and operating characteristics of
both SNCR and SCR systems. Hybrid systems were developed to combine the low
capital cost and potential for high NHj3 slip associated with SNCR systems with the high
reduction potential and low NHj3 slip inherent with catalyst based SCR systems. The
result is an NOy reduction alternative that can meet initial NOy reduction requirements
but can be upgraded to meet higher reductions at a future date, if required. Typically,
installation of an SCR system with a single layer of in-duct catalyst is capable of
reducing NO, emissions from 40 to 70 percent, depending on the amount of NHj slip
from the SCR and the volume of the single layer of catalyst.
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The SNCR component of the hybrid system is identical to the SNCR system,
except that the hybrid system may have more levels of multiple lance nozzles for reagent
injection. This will increase the capital cost of the SNCR component of the hybrid
system. During operation, the SNCR system would inject higher amounts of reagent into
the flue gas. This increased reagent flow has a two-fold effect: NOy reduction within the
boiler is increased while NHj slip is also increased. The NHj that slips from the SNCR is
then used as the reagent for the single layer of catalyst.

There are two design philosophies for using this excess NHj slip. The most
conservative hybrid systems will use the catalyst simply as an NHj slip “scrubber” with
some additional NOy reduction. Similar to in-duct systems, the flue gas velocity through
the catalyst is an important factor in design. Operating in this mode allows maximum
NOx reduction within the boiler by the SNCR while minimizing the catalyst volume
requirement. While some NOy reduction is achieved at the catalyst, the relatively small
catalyst requirement of this design has the potential to fit all the catalyst in a true in-duct
arrangement, with no significant ductwork changes, arrangement interference, or
structural adaptations.

The second philosophy uses adequate catalyst volume to obtain significant levels
of additional NOy reduction. The additional reduction is a function of the quantity of
NH; slip, the catalyst volume, and the distribution of NH3 to NOy within the flue gas.
Using NHj slip that is produced by the SNCR system is not a high efficiency method of
introducing reagent, due to the low reagent utilization. Therefore, even though the
reaction at the catalyst requires 1 ppm of NH; to remove 1 ppm of NOy, the SNCR must
inject at least 3 ppm of NH; to generate 1 ppm of NHj at the catalyst.

Catalyst volume is strongly influenced by the NOx reduction required and the NH3
distribution. The impact of catalyst volume on the design of a hybrid system is on the
size of the reactor required to hold the catalyst. If multiple levels of catalyst operating at
low flue gas velocity are required, some modifications will be required to the typical
ductwork. If widening the ductwork cannot provide for adequate catalyst volume, then a
separate reactor is required, which quickly negates the capital cost advantage of a hybrid
system. Figure D-5 represents a schematic diagram of a typical SNCR/SCR Hybrid
sy stem.
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Figure D-5
Schematic Diagram of a Typical SNCR/SCR Hybrid System (Courtesy: Clean
Environmental Protection Engineering Co. Ltd.)

SO, and HCI Reduction Technologies

Wet Flue Gas Desulfurization (FGD) System

Wet limestone-based FGD processes are frequently applied to pulverized coal
fired boilers that burns medium-to-high sulfur eastern coals. All of the FGD systems
installed in response to Phase I of the 1990 CAA were based on a wet FGD system using
either lime or limestone as the reagent. Typically, the wet FGD processes on a
pulverized coal facility are characterized by high efficiency (> 98 percent) and high
reagent utilization (95 to 97 percent) when combined with a high sulfur fuel. The ability
to realize high removal efficiencies on higher sulfur fuels is a major difference between
wet scrubbers and semi-dry/dry FGD processes. It is well known that SO, removal
efficiencies for wet FGD systems are generally higher for high sulfur coal applications
than for low sulfur coal applications, for the fundamental physical reason that the
chemical reactions that remove SO, are faster if the inlet SO, concentration is higher.
The absolute emissions level becomes a limiting factor due to a reduction in the chemical
driving forces of the reactions that are occurring. Thus, the calculated removal efficiency
of the various types of wet scrubbers declines as the fuel sulfur content decreases; this is
the case for low sulfur western and PRB coals.
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In a wet FGD system, the absorber module is located downstream of the induced
draft (ID) fans (or booster ID fans, if required). Flue gas enters the module and is
contacted with a slurry containing reagent and byproduct solids. The SO; is absorbed
into the slurry and reacts with the calcium to form CaSO;e1/2H,0 and CaSO4¢2H,0.
SO, reacts with limestone reagent through the following overall reactions:

SOz + CaCO3 + l/szO —> CaSO3.1/2H20 + COz
SOQ + CaC03 + 2H20 + 1/202 4 CaSO402H20 + C02

The flue gas leaving the absorber will be saturated with water, and the stack will
have a visible moisture plume. Because of the chlorides present in the mist carry-over
from the absorber and the pools of low pH condensate that can develop, the conditions
downstream of the absorber are highly corrosive to most materials of construction.
Highly corrosion-resistant materials are required for the downstream ductwork and the
flue stack. Careful design of the stack is needed to prevent the “rainout” from
condensation that occurs in the downstream ductwork and stack. These factors contribute
to the relatively high capital costs of the wet FGD SO; control alternative.

The reaction products are typically dewatered by a combination of hydrocyclones
and vacuum filters. The resulting filter cake is suitable for landfill disposal. In early
lime- and limestone-based FGD processes, the byproduct solids were primarily calcium
sulfite hemihydrate (CaSO3e1/2H,0), and the byproduct solids were mixed with fly ash
(stabilization) or fly ash and lime (fixation) to produce a physically stable material. In
the current generation of wet FGD systems, air is bubbled through the reaction tank (or in
some cases, a separate vessel) to practically convert all of the CaSO;e1/2H,O into
calcium sulfate dihydrate (CaSO402H,0), which is commonly known as gypsum. This
step is termed “forced oxidation” and has been applied to both lime- and limestone-based
FGD processes. Compared to calcium sulfite hemihydrate, gypsum has much superior
dewatering and physical properties, and forced oxidized FGD systems tend to have few
internal scaling problems in the absorber and mist eliminators. Dewatered gypsum can
be landfilled without stabilization or fixation. Many FGD systems in the United States
are using the forced-oxidation process to produce a commercial grade of gypsum that can
be used in the production of portland cement or wallboard. Marketing of the gypsum can
eliminate or greatly reduce the need to landfill FGD byproducts.

The absorber vessels are fabricated from corrosion-resistant materials such as
epoxy/vinyl ester-lined carbon steel, rubber-lined carbon steel, stainless steel, or
fiberglass. The absorbers handle large volumes of abrasive slurries. The byproduct
dewatering equipment is also relatively complex and expensive. These factors result in
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relatively higher initial capital costs. Wet FGD processes are also characterized by
higher raw water usage than semi-dry FGD systems. This can be a significant
disadvantage or even a fatal flaw in areas where raw water availability is in short supply.

A countercurrent spray tower has become one of the most widely used absorber
types in wet limestone-based FGD service. Flue gas enters at the bottom of the absorber
and flows upward. Slurry with 10 to 15 percent solids is sprayed downward from higher
elevations in the absorber and is collected in a reaction tank at its base. The SO, in the
flue gas is transferred from the flue gas to the recycle slurry. The hot flue gas is also
cooled and saturated with water. Recycled slurry is pumped continuously from the
reaction tank to the slurry spray headers. Each header has numerous individual spray
nozzles that break the slurry flow into small droplets and distribute them evenly across
the cross section of the absorber. Prior to leaving the absorber, the treated flue gas passes
through a two-stage, chevron-type mist eliminator that removes entrained slurry droplets
from the gas. The mist eliminator is periodically washed to keep it free of solids.

In the reaction tank, the SO, absorbed from the flue gas reacts with soluble
calcium ions in the recycle slurry to form insoluble calcium sulfite and calcium sulfate
solids. In forced-oxidization processes, air is bubbled through the slurry to convert all of
the solids to calcium sulfate dihydrate (gypsum). A lime or limestone reagent slurry is
added to the reaction tank to replace the calcium consumed.

To control the solids content of the recycle slurry, a portion of the slurry is
discharged from the reaction tank to the byproduct dewatering equipment. Depending on
the ultimate disposal of the byproduct solids, the dewatering equipment may include
settling ponds, thickeners, hydrocyclones, vacuum filters, and centrifuges. The liquid
that is separated from the byproduct solids slurry is stored in the reclaim water tank.
Water in the reclaim water tank is returned to the absorber reaction tank as makeup water
and used to prepare the reagent slurry.
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Countercurrent Spray Tower FGD Process
Spray Dryer Absorber

Spray dryer absorber (SDA) FGD processes have been extensively used. US
utilities have installed numerous SDA FGD systems on boilers using low sulfur fuels.
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These installations, primarily located in the western United States, use either lignite or
subbituminous coals such as PRB as the boiler fuel and generally have spray dryer
systems designed for a maximum fuel sulfur content of less than 2 percent. The SDA
lime-based FGD system has an inherent removal efficiency limitation of 94 percent from
inlet concentration.

The SDA FGD process uses calcium hydroxide [Ca(OH),] produced from the
lime reagent as either a slurry or as a dry powder to the flue gas in a reactor designed to
provide good gas-reagent contact. The SO, in the flue gas reacts with the calcium in the
reagent to produce primarily calcium sulfite hemihydrate (CaSOse1/2H,0) and a smaller

amount of calcium sulfate dihydrate (CaSO4#2H,0) through the following reactions:

SO, + Ca(OH), — CaS0se'2H,0 + 2H,0
SO2 + Ca(OH)g + 1/202 —> CaSO402HQO

Water is also added to the reactor (either as part of the reagent slurry or as a
separate stream) to cool and humidify the flue gas, which promotes the reaction and
reagent utilization. The amount of water added is typically sufficient to cool the flue gas
to within 30° to 40° F of the flue gas adiabatic saturation temperature. Significantly less
water is used in these SDA FGD processes compared to wet FGD processes.

The reaction byproducts and excess reagent are dried by the flue gas and removed
from the flue gas by a particulate control device (either fabric filter or DESP). Fabric
filters are preferred for most systems, because the additional contact of the flue gas with
the particulate on the filter bags provides additional SO, removal and higher reagent
utilization. A portion of the reaction byproducts collected is recycled to the reagent
preparation system in order to increase the utilization of the lime.

Because of the large amount of excess lime present in the FGD byproducts, the
byproducts (and fly ash, if present) will experience pozzolanic (cementitious) reactions
when wetted. When wetted and compacted, the byproduct makes a fill material with low
permeability (low lengthening characteristics) and high bearing strength. However, other
than as structural fill, this byproduct has limited commercial value and typically must be
disposed of as a waste material.

The SDA FGD processes offer benefits in addition to SO, removal, including the
lack of a visible vapor plume and SO; removal. Because the SDA FGD systems do not
saturate the flue gas with water, there is no visible plume from the stack under most
weather conditions. Environmental concerns with SOz emissions are also reduced with
the SDA scrubber. SOj; is formed during combustion and will react with the moisture in
the flue gas to form sulfuric acid (H,SO4) mist in the atmosphere. An increase in HySOy4
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emissions will increase PM;, emissions. The gas temperature leaving the reactor is
lowered below the sulfuric acid dew point, and significant SO3 removal will be attained
as the condensed acid reacts with the alkaline reagent. By removing SO; in the flue gas,
the condensable particulate matter emissions can be reduced. This will reduce the
potential for any SO; plume that may cause opacity in stacks. Similar type of SO;
removal is not achievable with a wet scrubber.

All current SDA designs use a vertical gas flow absorber. These absorbers are
designed for co-current or a combination of co-current and countercurrent gas flow. In
co-current applications, gas enters the cylindrical vessel near the top of the absorber and
flows downward and outward. In combination-flow absorbers, a gas disperser located
near the middle of the absorber directs a fraction of the total flue gas flow upward toward
the slurry atomizers.

In both cases, the atomizers are located in the roof of the absorber. Both rotary
and two-fluid nozzles have been applied to this approach. The atomizer produces an
umbrella of atomized reagent slurry through which the flue gas passes. The SO, in the
flue gas is absorbed into the atomized droplets and reacts with the calcium to form
calcium sulfite and calcium sulfate. Before the slurry droplet can reach the absorber wall,
the water in the droplet evaporates and a dry particulate is formed.

Some vendors base their designs on a single large rotary atomizer per absorber;
others use up to three smaller rotary atomizers per absorber. Two-fluid atomizers are
installed as an array of up to 16 nozzles per atomizer; all three approaches to spray
atomizers have been successfully applied.

The flue gas, then containing fly ash and FGD byproduct solids, leaves the
absorber and is directed to a fabric filter. The fly ash and byproduct solids collected in
the fabric filter are pneumatically transferred to a silo for disposal. To improve both
reagent utilization and spray solids drying efficiency, a large portion of the solids
collected is directed to a recycle system, where it is slurried and re-injected into the spray
dryer along with the fresh lime reagent.
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SDA FGD Process

Circulating Dry Scrubber (CDS)

The CDS FGD process is a semi-dry, lime-based FGD process that uses a
circulating fluid bed contactor rather than an SDA. The CDS absorber module is a
vertical solid/gas reactor between the unit’s air heater and its particulate control device.
Water is sprayed into the reactor to reduce the flue gas temperature to the optimum
temperature for reaction of SO, with the reagent. Hydrated lime [Ca(OH);] and
recirculated dry solids from the particulate control device are injected cocurrently with
the flue gas into the base of the reactor just above the water sprays. The gas velocity in
the reactor is reduced and a suspended bed of reagent and fly ash is developed. The SO,
in the flue gas reacts with the reagent to form predominately calcium sulfite. Fine
particles of byproduct solids, excess reagent, and fly ash are carried out of the reactor and
removed by the particulate removal device (either a fabric filter or electrostatic
precipitator [ESP]). Over 90 percent of these solids are returned to the reactor to improve
reagent utilization and increase the surface area for SO,/reagent contact.

The CDS FGD system produces an extremely high solids load on the particulate
removal device due to the recycling of the byproduct/fly ash mixture. For this reason,
some CDS FGD system vendors prefer to use an ESP rather than a fabric filter. Most of
the recycled material can be collected in the first field of an ESP with minimal effect on
the overall ESP sizing. On the other hand, a fabric filter in this same service would
require special design features to avoid reduced bag life associated with frequent bag
cleaning. Figure D-9 provides an illustration of the CDS FGD system.
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The CDS can be considered an acceptable FGD removal technology in some
applications because of its ability to remove significant amounts of SO,, the commercial
status of the technology, and the use of conventional reagents. It has disadvantages
relating to the downstream particulate load imposed on collectors but its implementation
schedule and minimal impact on local communities adds to its acceptability.

LiME ABBURBER

HYDRATION HYDHATE
N SILO

COLLECTOR

J

FEBBLE
LiME

e

HUMIDIFICATION
FOR TEMPERATURE
CONTROL

FLUE GAS ASH SILO

Figure D-9
Circulating Dry Scrubber System (Courtesy: Lurgi Lentjes North America)

Particulate Matter (PM) Reduction Technologies

Dry Electrostatic Precipitator (ESP)
ESPs are the most widely installed utility particulate matter (PM) removal

technology. ESPs use transtormer/rectifiers (TRs) to energize “discharge electrodes” and
to produce a high voltage, direct current electrical field between the discharge electrodes
and the grounded collecting plates. PM entering the electrical field acquires a negative
charge and migrates to the grounded collecting plates. This migration can be expressed
in engineering terms as an empirically determined effective migration velocity, but takes
place in a turbulent flow regime with the particulate entrained within the turbulent gas
patterns. Thus, the charged particles are actually captured when the combined effect of
electrical attraction and gas flow patterns moves the PM close enough for it to attach to
the collecting surfaces. A layer of collected particles forms on the collecting plates and is
removed periodically by mechanically impacting or “rapping” the plates. The collected
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particulate matter drops into hoppers below the precipitator and is removed by the ash
handling system. Some particulate is also re-entrained and either collected in subsequent
electrical fields or emitted from the ESP. A graphic showing the sections of an ESP is
shown on Figure D-10.

The required particulate removal efficiency, the expected electrical resistivity of
the fly ash to be collected, and the expected electrical characteristics of the energization
system determine the physical size of an ESP. Many parameters determine the ESP’s
capability for particulate collection including the following major items:

e The first parameter is the Specific Collection Area (SCA). ESP size is often
measured in terms of SCA. SCA is defined as the total collecting area in square
feet (ft*) divided by the volumetric flue gas flow rate (1,000’s of actual cubic feet
per minute [acfm]).

e The treatment time of the flue gas within the electric collection fields of the ESP
is an important aspect of particulate collection. High efficiency ESPs typically
have treatment times between 7 and 20 seconds. Treatment time is becoming a
major design parameter as lower particulate emissions are being mandated.

o Flue gas velocity, which is the speed at which the flue gas moves through the
ESP, is important in the design and sizing of an ESP. Design gas velocities that
range between 3 to 4 fps are common. The aspect ratio of the treatment length to
the collection plate height is also important in the design and sizing of the ESP.
As the aspect ratio increases, the re-entrainment losses from the ESP are
minimized. Many existing ESPs have aspect ratios of approximately 0.8 to 1.2;
newer ESPs, especially those meeting new particulate emission limits, have aspect
ratios of approximately 1.2 to 2.0.

e The gas distribution for optimum particulate removal requires a uniform gas
velocity throughout the entire ESP treatment volume, with minimal gas bypass
around the discharge electrodes or collecting plates. If flue gas distribution is
uneven, the particulate removal efficiency will decrease, and re-entrainment
losses will increase in high velocity areas and reduce overall collection efficiency.

o Fly ash resistivity is a measure of how easily the ash or particulate acquires an
electric charge. Typical coal fly ash resistivity values range from 1 x 10° chm-cm
to 1 x 10" ohm-cm. The ideal resistivity range for electrostatic precipitation of
fly ash is 5 x 10 to 5 x 10'"® ochm-cm. Operating resistivity varies with flue gas
moisture, SO3; concentration, temperature, and ash chemical composition. As a
result of fly ash resistivity being sensitive to these constituents, ESPs can be
affected greatly by changes in fuel or operating conditions.
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Electrostatic Precipitator System (MHI)

Pulse Jet Fabric Filter (PJFF)
Fabric filters have been used for over 20 years on existing and new coal fired

boilers and are media filters through which flue gas passes to remove the particulate. The
success of FFs is predominately due to their ability to economically meet the low
particulate emission limits for a wide range of particulate operations and fuel charac-
teristics. Proper application of the FF technology can result in clear stacks (generally less
than 5 percent opacity) for a full range of operations. In addition, the FF is relatively
insensitive to ash loadings and various ash types, offering superb coal flexibility.

FFs are the current technology of choice when low outlet particulate emissions or
Hg reduction is required for coal fired applications. FFs collect particle sizes ranging
from submicron to 100 microns in diameter at high removal efficiencies. Provisions can
be made for future addition of activated carbon injection to enhance gas phase elemental
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Hg removal from coal fired plants. Some types of fly ash filter cakes will also absorb
some elemental Hg.

FFs are generally categorized by type of cleaning. The two predominant cleaning
methods for utility applications are reverse gas and pulsejet. Initially, utility experience
in the United States was almost exclusively with Reverse Gas Fabric Filters (RGFF).
Although they are a very reliable and effective emissions control technology, RGFFs
have a relatively large footprint, which is particularly difficult for implementations.
PJFFs can be operated at higher flue gas velocities and, as a result, have a smaller
footprint. The PJFF usually has a lower capital cost than a RGFF and matches the
performance and reliability of a RGFF. As a result, only PJFFs will be considered
further.

Cloth filter media is typically sewn into cylindrical tubes called bags. Each FF
may contain thousands of these filter bags. The filter unit is typically divided into
compartments that allow on-line maintenance or bag replacement after a compartment is
isolated. The number of compartments is determined by maximum economic
compartment size, total gas volume rate, air-to-cloth ratio, and cleaning system design.
Extra compartments for maintenance or off-line cleaning not only increase cost, but also
increase reliability. Each compartment includes at least one hopper for temporary storage
of the collected fly ash. A cutaway view of a PJFF compartment is illustrated on Figure
D-11.

Fabric bags vary in composition, length, and cross section (diameter or shape).
Bag selection characteristics vary with cleaning technology, emissions limits, flue gas
and ash characteristics, desired bag life, capital cost, air-to-cloth ratio, and pressure
differential. Fabric bags are typically guaranteed for 3 years but frequently last 5 years or
more.

In PJFFs, the flue gas typically enters the compartment hopper and passes from
the outside of the bag to the inside, depositing particulate on the outside of the bag. To
prevent the collapse of the bag, a metal cage is installed on the inside of the bag. The
flue gas passes up through the center of the bag into the outlet plenum. The bags and
cages are suspended from a tubesheet.
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Figure D-11
Pulse Jet Fabric Filter Compartment

Cleaning is performed by initiating a downward pulse of air into the top of the
bag. The pulse causes a ripple effect along the length of the bag. This dislodges the dust
cake from the bag surface, and the dust falls into the hopper. This cleaning may occur
with the compartment on line or off-line. Care must be taken during design to ensure that
the upward velocity between bags is minimized so that particulate is not re-entrained
during the cleaning process.

The PJFF cleans bags in sequential, usually staggered, rows. During on-line
cleaning, part of the dust cake from the row that is being cleaned may be captured by the

20 of 25

LGE-KU-00008554



Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

adjacent rows. Despite this apparent shortcoming, PJFFs have successfully implemented
on-line cleaning on many large units.

The PJFF bags are typically made of felted materials that do not rely as heavily on
the dust cake’s filtering capability as woven fiberglass bags do. This allows the PJFF
bags to be cleaned more vigorously. The felted materials also allow the PJFF to operate
at a much higher cloth velocity, which significantly reduces the size of the unit and the

space required for installation.

Compact Hybrid Particulate Collector (COHPAC™)
Another control technology that is effective in removing particulate matter is a

high air-to-cloth ratio fabric filter installed after an existing cold-side ESP. Commonly
referred to as a Compact Hybrid Particulate Collector (COHPAC™), this technology was
developed and trademarked by the Electric Power Research Institute (EPRI). The
COHPAC™ filter typically operates at air-to-cloth ratios ranging from 6 to 8 ft/min.
compared to a conventional fabric filter that typically operate at air-to-cloth ratios of
about 4 ft/min. For a COHPAC™ system, the majority of the particulate is collected in
the upstream ESP. Therefore, the performance requirements of a high air-to-cloth ratio
fabric filter is reduced allowing installation of this technology in a smaller footprint area,
with less steel and filtration media to substantially lower both capital and operating costs
compared to conventional fabric filters.

Figure D-12
COHPAC ™ I Arrangement (Courtesy: Hamon Research-Cottrell)

Mercury and Dioxin/Furan Reduction Technologies

Powdered Activated Carbon (PAC) Injection
With reported Hg removals of more than 90 percent for bituminous coal

applications, PAC injection is an effective and mature technology in the control of Hg in
Municipal Solid Waste (MSW) and Medical Waste Combustors (MWC). Its potential
effectiveness on a wide range of coal fired power plant applications is gaining acceptance
based on recent pilot and slipstream testing activities sponsored by the Department of
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Energy (DOE), Environmental Protection Agency (EPA), Electric Power Research
Institute (EPRI), and various research organizations and power generators. However,
recent pilot scale test results indicate that the level of Hg control achieved with a PAC
injection system is impacted by variables such as the type of fuel, the speciation of Hg in
the fuel, operating temperature, fly ash properties, flue gas chloride content, and the
mechanical collection device used in the removal of Hg.

PAC injection typically involves the use of a lignite based carbon compound that
is injected into the flue gas upstream of a particulate control device as illustrated on
Figure D-13. Elemental and oxidized forms of Hg are adsorbed into the carbon and are
collected with the fly ash in the particulate control device.

faty ol Sarbent

Figure D-13
Activated Carbon Injection System

PAC injection is generally added upstream of either PJFFs or ESPs. For ESPs,
the Hg species in the flue gas are removed as they pass through a dust cake of unreacted
carbon products on the surface of the collecting plates. Additionally, a significantly
higher carbon injection rate is required for PAC injection upstream of a ESP than is
required for PAC injection upstream of a high air-to-cloth ratio PJFF or a PJFF that is
located downstream of a SDA FGD system. Literature indicates that PAC injection
upstream of a cold ESP can reduce Hg emissions up to 60 percent for units that burn a
sub-bituminous or lignite coal, and up to 80 percent for units that burn a bituminous coal.
The addition of activated carbon does not directly affect the function of the ash handling
system. The additional activated carbon in the fly ash does, however, affect the quality of
the ash that is produced. For units that currently sell fly ash, this will negatively impact
their continued ability to sell the ash.
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Since the sale of fly ash depends on the carbon content of the ash, increasing the amount
of carbon in the ash also makes it unsuitable for sale. To maintain the ash quality
required for sale, the ash must either be removed upstream of the PAC injection system
or the activated carbon should be injected into the flue gas so that it is not mixed with all
the collected fly ash or is mixed with only a small portion of the total fly ash that is
collected in the particulate control device. This can be accomplished by using a high air-
to-cloth ratio PJFF downstream of cold ESP.

Numerous testing efforts and studies have shown that most of the Hg resulting
from the combustion of coal leaves the boiler in the form of elemental Hg, and that the
level of chlorine in the coal has a major impact on the efficiency of Hg removal with
PAC injection and the particulate removal system. Low chlorine coals, such as sub-
bituminous and lignite coals, typically demonstrate relatively low Hg removal efficiency.
Sub-bituminous and lignite coals produce very low levels (approximately 100 parts per
million [ppm]) of HCI during combustion and; therefore, normal PAC injection would be
anticipated to achieve very low elemental Hg removal.

The removal efficiency that is attained by halogenated PAC injection can be
significantly increased by the use of PAC that has been pretreated with halogens, such as
iodine or bromine. Recent testing results indicate that halogenated PAC injection
upstream of a cold ESP can reduce Hg emissions up to 80 percent for units that burn a
sub-bituminous or lignite coal and up to 90 percent for units that burn a bituminous coal.
Pretreated PAC is more expensive than untreated PAC: (approximately $5.00/1b of
1odine, $1.00/1b of bromine, and $0.50/1b of PAC). However, less pretreated PAC 1s
required to achieve significant removals, if such removal rates are dictated by more
stringent Hg control regulations.

PAC can also be injected upstream of a PJFF located downstream of a semi-dry
lime FGD. When a semi-dry lime FGD and a PJFF is injected with PAC upstream of the
FGD, the activated carbon absorbs most of the oxidized Hg. This is a result of the
additional residence time in the FGD and will basically allow greater contact between the
Hg particles and the activated carbon. Because of the accumulated solids cake on the
bags, the activated carbon is given another opportunity to interact with the Hg prior to
disposal or recycle. Since the ash and reagent collected in the PJFF are already
contaminated, the additional carbon collected in the PJFF will not affect ash sales or
disposal. Recent literature indicates that PAC injection upstream of a semi-dry FGD and
PJFF can reduce Hg emissions by 60 to 80 percent.

Halogenated PAC injection upstream of a semi-dry lime FGD and PJFF is
basically similar in design to standard PAC, as described previously. Halogenated PAC
includes halogens such as bromine or iodine. Literature indicates that halogenated
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sorbents require significantly lower injection rates (in some cases the difference is as
much as a factor of 3) upstream of a semi-dry lime FGD and PJFF combination, as
compared to an ESP, and can reduce Hg emissions of up to 95 percent.

CO Reduction Technologies

Good Combustion Controls

As products of incomplete combustion, CO and VOC emissions are very
effectively controlled by ensuring the complete and efficient combustion of the fuel in the
boiler (i.e., good combustion controls). Typically, measures taken to minimize the
formation of NO, during combustion inhibit complete combustion, which increases the
emissions of CO and VOC. High combustion temperatures, adequate excess air, and
good air/fuel mixing during combustion minimize CO and VOC emissions. These
parameters also increase NOy generation, in accordance with the conflicting goals of
optimum combustion to limit CO and VOC, but lower combustion temperatures to limit
NO;. The products of incomplete combustion are substantially different and often less
pronounced when the unit is firing high sulfur bituminous coals, which is the rationale for
the slightly higher BACT emissions limits found on units permitted to burn low sulfur
PRB subbituminous coals. In addition, depending on the manufacturer, good combustion

controls vary in terms of meeting CO emissions limits.

Neural Networks

Neural networks utilize a DCS based computer system that obtains plant data such
as load, firing rate, burner position, air flow, CO emissions, etc. The computer system
analyzes the impact of various combustion parameters on CO emissions. The system then
provides feedback to the control system to improve operation for lower CO emissions. With
this combustion system performance monitoring equipment in place, it is expected that
sufficient information would be available to maintain the performance of each burner at
optimum conditions to enable operations personnel to maintain the most economical balance
of peak fuel efficiency and emissions of NOx, and CO. In addition to burner performance
these monitoring systems also allow continuous indication of pulverizer, classifier and fuel
delivery system performance to provide early indication of impending component failures or
maintenance requirements. This system is also used to improve heat rate and often provides
operational cost savings along with CO control. It is commercially proven and has
demonstrated CO reductions. However, CO emission reductions due to installation of NN
vary from unit to unit based on each unit’s specific equipment configuration and operation.
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It is recommended that detailed studies be performed to determine the potential benefit from
NN installation.
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Comments on Brown AQC study by Black and Veatch
Brad Pabian

B&V recommended either a SNCR or SCR on Brown units 1 and 2 in their initial assessment of
Brown station. This was due to their assertion that NOx limits would be imposed on a unit by unit basis.
If this 1s the case, then their recommendations are valid. If, however, the NOx limits are imposed on a
plant wide basis, then there may be a cheaper alternative. Brown 3 will be fitted with an SCR capable of
0.07 lTbs/MMBTU NOx output. If Brown 2 was fitted with a similar SCR, Brown 1 may be able to come
into compliance simply with better low NOx burners and over fired air. The rough calculations below
show how this may be possible. These are not detailed and accurate numbers, only rough approximations.

Current Unit 3 Full Load Heat Input: ~4700 MMBTU/hr

Current Unit 2 Full Load Heat Input: ~1730 MMBTU/hr

Current Unit 1 Full Load Heat Input: ~1070 MMBTU/hr

Total Plant Full Load Heat Input: ~7500 MMBTU/hr

Maximum Plant Full Load NOx Emissions (at 0.11 1lb/MMBTU): 825 Ib/hr
Maximum Unit 3 NOx Emissions with 0.07 lb/MMBTU SCR in service: 329 lb/hr
Maximum Unit 2 NOx Emissions with 0.07 Ib/MMBTU SCR in service: 121 Ib/hr

Maximum allowable Unit 1 NOx Emissions with Unit 2 and 3 SCR in service: 375 Ib/hr
Maximum allowable Unit 1 NOx Emission rate: 0.35 b/ MMBTU

Unit 1 currently runs between 0.4 and 0.5 [b/MMBTU, which is the reason that it seemed possible to
attain 0.35 [b/MMBTU with less costly means. In addition, when capacity factor is considered, the
allowable NOx emission rate on Unit 1 would be higher, since it has historically had a lower capacity
factor than the other two units at Brown. I would suggest that capacity factor be treated as safety margin
with respect to meeting the limits and that B&V propose a cost to upgrade bumer equipment on Unit 1 to
achieve approximately 0.3 to 0.32 1b/MMBTU emissions. The only time that this would not be a practical
solution would be if the NOx limits were applicd on a continuous basis, rather than by year. If so, then a
Unit 3 outage would put the plant over the limit. This could be managed, possibly, with overlapping
outages, ctc. If the NOx regulations are applied on a unit by unit basis, NOx removal of 30-40% by an
SNCR as described by B&V would not be capable of bringing Unit 1 into compliance, and a full SCR
would be required.

The sccond major question I had was rclative to disposal of matcrial capturcd by a future
baghouse, particularly considering heavy metals that would be captured. Please be sure B&V identifies
costs that may be associated with construction of facilities to handle the waste. It should also be made
clcar in their final document that the potential baghousc requirements for Units 1 and 2 could be met by a
single combined baghouse.
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E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: E.W. Brown
Unit: 71

The following AQC control technologies comprise the recommended technologies to
control unit pollutant emissions to the targeted emission levels. As summarized on the
following pages, the recommended technologies are based on the known technology
limitations, future expanding capability, arrangement or site fatal flaws, constructability
challenges, unit off-line schedule requirements or site-specific considerations developed
or understood during the field work conducted during the week of May 10", as well as
information provided by E.ON. B&V will analyze costs for one selected/approved
technology for each applicable pollutant.

AQC Technology Recommendation

E.ON Approval to
Pollutant AQC Equipment Cost

NO, New Selective Catalytic Reduction (SCR) is oYes o No
required to meet the new NOx compliance limit of
0.11 Ib/MBtu

SO, No new technologqy is required. Existing common oYes oNo
WFGD to units 1, 2 and 3 can meet the new SO,
compliance limit of 0.25 Ib/MBtu

PM New full size Pulse Jet Fabric Filter (PJFF) is oYes oNo
required to meet the new PM compliance limit of
0.03 Ib/MBtu.

CO No feasible and proven technology is available. oYes o No

Existing combustion controls cannot meet the new
CO compliance limit of 0.02 Ib/MBtu

(Please confirm CO emission level is 0.02 and not
0.20 Ib/MBtu)

Hg New Powdered Activated Carbon (PAC) Injection | o Yes oNo

required with new full size Pulse Jet Fabric Filter
(PJFF) to meet the new Hg compliance limit of 1 x
107 Ib/MBtu.

HCI No new technology selected. Existing common oYes oNo
WFGD to units 1, 2 and 3 can meet the new HC/
compliance limit of 0.002 Ib/MBtu

Dioxin/Furan | New Powdered Activated Carbon (PAC) Injection |z Yes oNo
required with new full size Pulse Jet Fabric Filter
(PJFF) to meet the new dioxin/furan compliance limit
of 15 x 1078 Ib/MBtu.
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E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: E.W. Brown
Unit: 71

Note: If E.ON does not approve a specific technology, an explanation can be included in
the following section--comments by E.ON on specific issues regarding control equipment
and a decision to approve a technology should be described in detail.

E.ON fto return written approval and comments sections to B&V.

E.ON Comments:

Please clarify if the PJFF is shared between Units 1&2. Also, the plant
would prefer B&V to estimate the option of using low NOx burners and
overfire air on Unit 1 and put the SCR on Unit 2 and 3 in order to achieve
Plant compliance. According to the sheet titled, “Estimated Requirements
Under Future New Environmental Regulations” provided to B&V by E.ON,
the revised CAIR section 4.9 calls for Plant wide compliance. The Brown
Team does not believe that an SCR should be the first option for
compliance for this Unit. Please see the attached document prepared by
Brad Pabian for further details.

Therefore, B&V should explore this option for the basis of the estimate.
Eileen Saunders will discuss with management if E.ON would like B&V to
provide costs associated with adding an SCR to Unit 1.

Is an SNCR feasible for the Brown Station? If not, please explain.
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E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: E.W. Brown
Unit: 71
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E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: E.W. Brown
Unit: 71

Pollutant: NO,

Feasible Control Options:

Selective Non Catalytic Reduction (SNCR) / Selective Catalytic Reduction (SCR)
Hybrid
Selective Catalytic Reduction (SCR)

Special Considerations:

SNCR/SCR Hybrid systems may be able to achieve the new NO, compliance
limit of 0.11 Ib/MBtu but it will not provide a long term consistent solution for NOy
emissions less than 0.11 Ib/MBtu.
SCR can consistently achieve NOy emissions of 0.11 Ib/MBtu on a continuous
basis and has a capability to expand to meet the NOy emissions even lower than
0.11 Ib/MBtu. Hence SCR is the most feasible and expandable control
technology considered for NOx reduction including future requirements.
Likely require SO3; mitigate system.
New booster and/or ID fan installation as needed.
Location: SCR would be located downstream of the existing economizer and
upstream of the air heater.
Real Estate Constraints — No space is available outside the boiler building on the
north side to install the SCR. Therefore, the new SCR needs to be constructed
on the east side of the boiler building. Potentially at an elevated level.
Construction Issues — Tight space for tie-in and connection of ductwork between
economizer outlet and SCR.

o Soot blower air compressor tanks, service water piping and circulating

water piping needs to be demolished and relocated.
o Demineralization system building, which is currently not in use and is
located on the north side of the boiler building, needs to be demolished.
o Secondary air duct may need to be raised to clear the space.

Pollutant: SO,

Feasible Control Options:

No new SO, control technology is required. The unit is currently equipped
with a shared/common wet FGD technology that can meet future target SO,
emissions level of 0.25 Ib/MBtu.
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E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: E.W. Brown
Unit: 71

Pollutant: Particulate (PM)

Feasible Control Options:

Compact Hybrid Particulate Collector (COHPAC™).
Pulse Jet Fabric Filter (PJFF)

Special Considerations:

COHPAC may be able to achieve the new PM compliance limit of 0.03 Ib/MBtu
but it is not considered a long term solution for PM emissions less than 0.03
Ib/MBtu.
A full-size PJFF can consistently achieve PM emissions of less than 0.03 Ib/MBtu
on a continuous basis and has a capability to expand to meet the PM emissions
lower than 0.03 Ib/MBtu. Hence a full size PJFF is the most feasible and
expandable control technology considered for PM reduction including future
requirements.
New booster and/or ID fan installation as needed.
Existing ESP to be kept for additional PM filtration.
Location: A new PJFF for Unit 1 will be located downstream of the ductwork
exiting the ID fans of Unit 1 and upstream of new booster fans for Unit 1.
Real Estate Constraints — No space is available at grade level to install the new
PJFF. Therefore the new PJFF will need to be constructed at an elevation above
grade level, probably above the existing ESP with Booster fan or ID fan
upgrades.
Construction Issues — Heavy foundations and supports.

o New PJFF will be installed at a higher elevation above the existing ESP,

needing heavy support columns that need to be landing outside the
existing ESP foundations.

Pollutant: CO

Feasible Control Options:

No feasible and proven technoloqy is available for this type and size of unit
to meet the 0.02 Ib/MBtu emission limit.
Note: Please confirm CO emission level is 0.02 and not 0.20 Ib/MBtu.
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E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: E.W. Brown
Unit: 71

Pollutant: Mercury (Hg)

Feasible Control Options:
e Powdered Activated Carbon (PAC) Injection in conjunction with new full size
PJFF can meet the new Hg compliance limit of 1 x 10 Ib/MBtu or lower on a
continuous basis and hence is the most feasible control technology.

Special Considerations:
¢ The existing cold-side dry ESP will not be capable of removing 90% mercury with
PAC injection and hence not recommended for cost considerations.
e Full size PJFF for Unit 1.
e PAC to be injected downstream of the existing ESP but upstream of new full size
PJFF for Unit 1.

Pollutant: Hydrogen Chloride (HCI)

Feasible Control Options:
¢ No new control technology is required as the unit is currently meeting target
emission level of 0.002 Ib/MBtu HCL emissions with an existing Wet FGD.

Pollutant: Dioxin/Furan

Feasible Control Options:
e PAC injection with new PJFF considered for mercury control can meet the
dioxin/furan compliance limit of 15 x 10™"® Ib/MBtu or lower on a continuous basis
and hence is the most feasible control technology.

Special Considerations:
¢ Dioxin and Furan removal will be a co-benefit with targeted mercury emissions
removal and additional PAC consumption beyond mercury removal will be
required.
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E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: E.W. Brown
Unit: 2

The following AQC control technologies comprise the recommended technologies to
control unit pollutant emissions to the targeted emission levels. As summarized on the
following pages, the recommended technologies are based on the known technology
limitations, future expanding capability, arrangement or site fatal flaws, constructability
challenges, unit off-line schedule requirements or site-specific considerations developed
or understood during the field work conducted during the week of May 10", as well as
information provided by E.ON. B&V will analyze costs for one selected/approved
technology for each applicable pollutant.

AQC Technology Recommendation

E.ON Approval to
Pollutant AQC Equipment Cost

NOx New Selective Catalytic Reduction (SCR) is o Yes oNo
required to meet the new NOx compliance limit of
0.11 Ib/MBtu

SO, No new technology is required. Existing common oYes oNo
WFGD to units 1, 2 and 3 can meet the new SO,
compliance limit of 0.25 Ib/MBtu

PM New full size Pulse Jet Fabric Filter (PJFF) is o Yes o No

required to meet the new PM compliance limit of
0.03 Ib/MBtu.

CO No feasible and proven technoloqy is available. oYes oNo
Existing combustion controls cannot meet the new
CO compliance limit of 0.02 Ib/MBtu

(Please confirm CO emission level is 0.02 and not
0.20 Ib/MBtu)

Hg New Powdered Activated Carbon (PAC) Injection | o Yes o No
required with new full size Pulse Jet Fabric Filter
(PJFF) to meet the new Hg compliance limit of 1 x
107 Ib/MBtu.

HCI No new technology selected. Existing common oYes oNo
WFGD to units 1, 2 and 3 can meet the new HC/
compliance limit of 0.002 Ib/MBtu

Dioxin/Furan | New Powdered Activated Carbon (PAC) Injection | o Yes o No
required with new full size Pulse Jet Fabric Filter
(PJFF) to meet the new dioxin/furan compliance limit
of 15x 107"® Ib/MBtu.
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E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: E.W. Brown
Unit: 2

Note: If E.ON does not approve a specific technology, an explanation can be included in
the following section--comments by E.ON on specific issues regarding control equipment
and a decision to approve a technology should be described in detail.

E.ON fto return written approval and comments sections to B&V.

E.ON Comments:

Please clarify if the PJFF is shared between Units 1&2. If so, B&V needs
to make sure that the cost estimate only reflects one baghouse.

See comments on Unit 1 regarding the SCR estimate.
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E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: E.W. Brown
Unit: 2

Pollutant: NO,

Feasible Control Options:

Selective Non Catalytic Reduction (SNCR) / Selective Catalytic Reduction (SCR)
Hybrid
Selective Catalytic Reduction (SCR)

Special Considerations:

SNCR/SCR Hybrid systems may be able to achieve the new NO, compliance
limit of 0.11 Ib/MBtu but not a long term solution for NOx emissions less than 0.11
Ib/MBtu.
SCR can consistently achieve NO, emissions of 0.11 Ib/MBtu on a continuous
basis and has a capability to expand to meet the NO, emissions even lower than
0.11 Ib/MBtu. Hence SCR is the most feasible and expandable control
technology considered for NOx reduction including future requirements.
Likely require SO3; mitigate system.
New booster and/or ID fan installation as needed.
Location: SCR would be required downstream of the existing economizer and
upstream of the air heater.
Real Estate Constraints — Limited space available at grade level outside the
boiler building on the north side to install the SCR. Therefore the new SCR will
need to be constructed at an elevation above grade level.
Construction Issues — Unit 2 abandoned dry stack and main auxiliary transformer
on the north side outside the boiler building.

o Demoalition and relocation of main auxiliary transformer of Unit 2.

o Demoalition of existing pre-dust collectors.

o SCR will need to be constructed on a dance floor.

Pollutant: SO,

Feasible Control Options:

No new $0O, control technology is required. The unit is currently equipped
with a shared/common wet FGD technology that can meet future target SO
emissions level of 0.25 Ib/MBtu.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: E.W. Brown
Unit: 2

Pollutant: Particulate (PM)

Feasible Control Options:
e Compact Hybrid Particulate Collector (COHPAC™).
o Pulse Jet Fabric Filter (PJFF)

Special Considerations:

¢ COHPAC may be able to achieve the new PM compliance limit of 0.03 Ib/MBtu
but not a long term solution for PM emissions less than 0.03 Ib/MBtu.

e A full-size PJFF can consistently achieve PM emissions of less than 0.03 Ib/MBtu
on a continuous basis and has a capability to expand to meet the PM emissions
lower than 0.03 Ib/MBtu. Hence a full size PJFF is the most feasible and
expandable control technology considered for PM reduction including future
requirements.

o New booster and/or ID fan installation as needed.

e Existing ESP to be kept for additional PM filtration.

e Location: A new PJFF for Unit 2 will be located downstream of the ductwork
exiting the ID fans of Unit 2 and upstream of new booster fans for Unit 2.

o Real Estate Constraints — No space is available at grade level to install the new
PJFF. Therefore the new PJFF will need to be constructed at an elevation above
grade level, probably above the existing ESP with Booster fan or ID fan
upgrades.

e Construction Issues — Heavy foundations and supports.

o New PJFF will be installed at a higher elevation above the existing ESP,
needing heavy support columns that need to be landing outside the
existing ESP foundations.

Pollutant: CO

Feasible Control Options:
o No feasible and proven technoloqy is available for this type and size of unit
to meet the 0.02 Ib/MBtu emission limit.

o Note: Please confirm CO emission level is 0.02 and not 0.20 Ib/MBtu.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: E.W. Brown
Unit: 2

Pollutant: Mercury (Hg)

Feasible Control Options:
e Powdered Activated Carbon (PAC) Injection in conjunction with new full size
PJFF can meet the new Hg compliance limit of 1 x 10 Ib/MBtu or lower on a
continuous basis and hence is the most feasible control technology.

Special Considerations:
¢ The existing cold-side dry ESP will not be capable of removing 90% mercury with
PAC injection and hence not recommended for cost considerations.
o Full size PJFF for Unit 2.
e PAC to be injected downstream of the existing ESP but upstream of new full size
PJFF for Unit 2.

Pollutant: Hydrogen Chloride (HCI)

Feasible Control Options:
¢ No new control technology is required as the unit is currently meeting target
emission level of 0.002 Ib/MBtu HCL emissions with an existing Wet FGD.

Pollutant: Dioxin/Furan

Feasible Control Options:
e PAC injection with new PJFF considered for mercury control can meet the
dioxin/furan compliance limit of 15 x 10™"® Ib/MBtu or lower on a continuous basis
and hence is the most feasible control technology.

Special Considerations:
¢ Dioxin and Furan removal will be a co-benefit with targeted mercury emissions
removal and additional PAC consumption beyond mercury removal will be
required.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: E.W. Brown
Unit: 3

The following AQC control technologies comprise the recommended technologies to
control unit pollutant emissions to the targeted emission levels. As summarized on the
following pages, the recommended technologies are based on the known technology
limitations, future expanding capability, arrangement or site fatal flaws, constructability
challenges, unit off-line schedule requirements or site-specific considerations developed
or understood during the field work conducted during the week of May 10", as well as
information provided by E.ON. B&V will analyze costs for one selected/approved
technology for each applicable pollutant.

AQC Technology Recommendation

E.ON Approval to
Pollutant AQC Equipment Cost

NOx No new technology is required. The new SCR oYes oNo
which will be constructed in 2012 can meef the new
NO, compliance limit of 0.11 Ib/MBtu

SO, No new technology is required. Existing common oYes oNo
WFGD to units 1, 2 and 3 can meet the new SO,
compliance limit of 0.25 Ib/MBtu

PM New full size Pulse Jet Fabric Filter (PJFF) is o Yes oNo
required to meet the new PM compliance limit of
0.03 Ib/MBtu.

CO No feasible and proven technoloqy is available. oYes oNo
Existing combustion controls cannot meet the new
CO compliance limit of 0.02 Ib/MBtu

(Please confirm CO emission level is 0.02 and not
0.20 Ib/MBtu)

Hg New Powdered Activated Carbon (PAC) Injection | o Yes o No
required with new full size Pulse Jet Fabric Filter
(PJFF) to meet the new Hg compliance limit of 1 x
107 Ib/MBtu.

HCI No new technology selected. Existing common oYes oNo
WFGD to units 1, 2 and 3 can meet the new HC/
compliance limit of 0.002 Ib/MBtu

Dioxin/Furan | New Powdered Activated Carbon (PAC) Injection | o Yes o No
required with new full size Pulse Jet Fabric Filter
(PJFF) to meet the new dioxin/furan compliance limit
of 15x 107"® Ib/MBtu.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: E.W. Brown
Unit: 3

Note: If E.ON does not approve a specific technology, an explanation can be included in
the following section--comments by E.ON on specific issues regarding control equipment
and a decision to approve a technology should be described in detail.

E.ON fto return written approval and comments sections to B&V.

E.ON Comments:

No additional comments
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: E.W. Brown
Unit: 3

Pollutant: NO,

Feasible Control Options:
e No new NOx control technology is required. The unit will be equipped with
SCR in 2012 that can meet the future target NOy emissions level of 0.11 Ib/MBtu.

Special Considerations:
e Plant is currently planning injection technology to mitigate SOz from the SCR.

Pollutant: SO,

Feasible Control Options:
¢ No new SO, control technology is required. The unit is currently equipped
with wet FGD technology that can meet future target SO, emissions level of 0.25
Ib/MBtu.

Pollutant: Particulate (PM)

Feasible Control Options:
e Compact Hybrid Particulate Collector (COHPAC™).
e Pulse Jet Fabric Filter (PJFF)

Special Considerations:

e COHPAC may be able to achieve the new PM compliance limit of 0.03 Ib/MBtu
but not a long term solution for PM emissions less than 0.03 Ib/MBtu.

¢ A full-size PJFF can consistently achieve PM emissions of less than 0.03 Ib/MBtu
on a continuous basis and has a capability to expand to meet the PM emissions
lower than 0.03 Ib/MBtu. Hence a full size PJFF is the most feasible and
expandable control technology considered for PM reduction including future
requirements.

e New booster and/or ID fan installation as needed.

e Existing ESP to be kept for additional PM filtration.

e Location: A new PJFF for Unit 3 will be located downstream of the existing ID
fans of Unit 3 and upstream of common wet FGD scrubber.

o Real Estate Constraints — No real estate constraints.

¢ Construction Issues — Possible underground service water pipelines interference.

o May require relocation of underground service water pipelines
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: E.W. Brown
Unit: 3

Pollutant: CO

Feasible Control Options:
o No feasible and proven technoloqy is available for this type and size of unit
to meet the 0.02 Ib/MBtu emission limit.
o Nofte: Please confirm CQO emission level is 0.02 and not 0.20 Ib/MBtu.

Pollutant: Mercury (Hg)

Feasible Control Options:
e Powdered Activated Carbon (PAC) Injection in conjunction with new full size
PJFF can meet the new Hg compliance limit of 1 x 10° Ib/MBtu or lower on a
continuous basis and hence is the most feasible control technology.

Special Considerations:
e The existing cold-side dry ESP will not be capable of removing 90% mercury with
PAC injection and hence not recommended for cost considerations.
e Full size PJFF for Unit 3.
e PAC to be injected downstream of the existing ESP but upstream of new full size
PJFF for Unit 3.

Pollutant: Hydrogen Chloride (HCI)
Feasible Control Options:

¢ No new control technology is required as the unit is currently meeting target
emission level of 0.002 Ib/MBtu HCL emissions with an existing Wet FGD.

Pollutant: Dioxin/Furan

Feasible Control Options:
e PAC injection with new PJFF considered for mercury control can meet the
dioxin/furan compliance limit of 15 x 107"® Ib/MBtu or lower on a continuous basis
and hence is the most feasible control technology.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: E.W. Brown
Unit: 3

Special Considerations:
e Dioxin and Furan removal will be a co-benefit with targeted mercury emissions
removal and additional PAC consumption beyond mercury removal will be
required.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide

Air Quality Control Technology Assessment

Technology Options

Plant: Ghent

Unit: 7

The following AQC control technologies comprise the recommended technologies to
control unit pollutant emissions to the targeted emission levels. As summarized on the
following pages, the recommended technologies are based on the known technology
limitations, future expanding capability, arrangement or site fatal flaws, constructability
challenges, unit off-line schedule requirements or site-specific considerations developed
or understood during the field work conducted during the week of May 10™, as well as
information provided by E.ON. B&V will analyze costs for one selected/approved
technology for each applicable pollutant.

AQC Technology Recommendation

E.ON Approval to

Pollutant AQC Equipment Cost

NOy No new technologqy is required. Existing SCRcan |oYes oNo
meet the new NO, compliance limit of 0.11 Ib/MBtu

SO, No new technology is required. Existing WFGD oYes oNo
can meet the new SO, compliance limit of 0.25
b/MBtu

PM No new technology is required for PM as current oYes o No (See
ESP is capable of meeting 0.03 Ib/MBtu emissions. Qualifier in

Commenis
Seclion

CcO No feasible and proven technology is available. oYes oNo
Existing combustion controls cannot meet the new
CO compliance limit of 0.02 Ib/MBftu
(Please confirm CO emission level is 0.02 and not
0.20 Ib/MBtu)

Hg New Powdered Activated Carbon (PAC) Injection |t Yes o No
required with new full size Pulse Jet Fabric Filter
PJFF) to meet the new Hg compliance limit of 1 x
10 Ib/MBtu.

HCI No new technoloqy selected. Existing WFGD can | o Yes o No
meet the new HCI compliance limit of 0.002 Ib/MBiu

Dioxin/Furan | New Powdered Activated Carbon (PAC) Injection | Yes o No

required with new full size Pulse Jet Fabric Filter
(PJFF) to meet the new dioxin/furan compliance limit
of 15 x 10°7'° Ib/MBtu.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Ghent
Unit: 1

Note: If E.ON does not approve a specific technology, an explanation can be included in
the following section--comments by E.ON on specific issues regarding control equipment
and a decision to approve a technology should be described in detail.

E.ON to return written approval and comments sections to B&V.

E.ON Comments:
General Comments for ALL Units:

e Inthe document, where “South” is used for location, it should be
“West”

e For Units 1, 3 and 4, under the section “Special Considerations”,
please use the phrase, “The plant currently uses an SO3 mitigation
system” instead of saying they are “planning injection technology”.

e For Unit 2. under the section “Special Considerations’, please us the
phrase, “The plant will be installing an SO3 mitigation system” instead
of saving, “Likely require SO3 mitigation system”.

e Please make it clear in the document that the PJFF system must be
under negative pressure.

o For SO2, the existing technology can meet the new 0.25
requirements but if the limit becomes more stringent. modifications
mav have 1o be made to consistently meet the requirements.

Please include this clarification in the descriptions of SO2 for all units.

o For various locations cited by B&V as potential locations for PJFF
systems, another project run by B&V has plans to locate equipment in
those locations (Ash Handling Project). B&V needs to coordinate
discussions within their company to ensure that the basis of estimate
is accurate. The other project has a 2013 date.

Unit 1 specific comments:

For PM: if thi uired to meet imitof .03.1b/MBtu ~ {Formatted: Highight
the Hg ialize the i ed fepiacedor
gpgraded: the limito nsistent
Aslongasa femisin f Hg and
_Dioxin/Euran illbe fine | i is comment on the
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E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Ghent
Unit: 7

descri stAndincludeest
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Ghent
Unit: 7

Pollutant: NO,

Feasible Control Options:
« No new NOx control technology is required. The unit is currently equipped
with SCR that can meet the future target NOx emissions level of 0.11 Ib/MBtu.

Special Considerations:
e Plantis currently planning injection technology to mitigate SO3 from the SCR.

Pollutant: SO,

Feasible Control Options:
o No new SO, control technology is required. The unit is currently equipped
with wet FGD technology that can meet future target SO, emissions level of 0.25
Ib/MBtu.

Pollutant: Particulate (PM)

Feasible Control Options:
* No new PM control technology is required. The unit is currently equipped
with an ESP technology that can meet the future target PM emission level of 0.03
Ib/MBTU.

Special Considerations:
o A new PJFF will be required to meet mercury control using PAC. The existing
ESP alone will not be capable of meeting the mercury compliance emissions
using PAC.

Pollutant: CO

Feasible Control Options:
o No feasible and proven technoloqy is available for this type and size of unit
to meet the 0.02 Ib/MBtu emission limit.
e Note: Please confirm CO emission level is 0.02 and not 0.20 Ib/MBtu.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Ghent
Unit: 7

Pollutant: Mercury (Hg)

Feasible Control Options:
o New Powdered Activated Carbon (PAC) Injection in conjunction with new full size
PJFF can meet the new Hg compliance limit of 1 x 10° Ibo/MBtu or lower on a
continuous basis and hence is the most feasible control technology.

Special Considerations:

o The existing cold-side dry ESP will not be capable of removing 90% mercury with

PAC injection and hence not recommended for cost considerations.

PJFF for Unit 1.

PAC to be injected downstream of the existing ID fans but upstream of new full
size PJFF for Unit 1.

New booster and/or ID fan installation as needed.

Existing ESP to be kept for additional PM filtration.

Location: A new PJFF for Unit 1 will be located downstream of the existing 1D
fans of Unit 1 and upstream of the new booster fans for Unit 1.

o Real Estate Constraints — No space is available at grade level to install the new
PJFF. Therefore the new PJFF will need to be constructed at an elevation above
grade level, with Booster fan or ID fan upgrades.

e Construction Issues — Ductwork and abandoned stack interference. Access for
heavy cranes may be a possible issue

o Require demolition of ductwork
o May require demolition of existing abandoned dry stack of Unit 1
o Demolition and relocation of pipe rack for access

Pollutant: Hydrogen Chloride (HCI)

Feasible Control Options:

¢ No new control technology is required as the unit is currently meeting target
emission level of 0.002 Ib/MBtu HCL emissions with an existing Wet FGD.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Ghent
Unit: 7

Pollutant: Dioxin/Furan

Feasible Control Options:
e PAC injection with new PJFF considered for mercury control can meet the
dioxin/furan compliance limit of 15 x 107® Ib/MBtu or lower on a continuous basis
and hence is the most feasible control technology.

Special Considerations:
o Dioxin and Furan removal will be a co-benefit with targeted mercury emissions
removal and additional PAC consumption beyond mercury removal will be
required.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide

Air Quality Control Technology Assessment

Technology Options

Plant: Ghent

Unit: 2

The following AQC control technologies comprise the recommended technologies to
control unit pollutant emissions to the targeted emission levels. As summarized on the
following pages, the recommended technologies are based on the known technology
limitations, future expanding capability, arrangement or site fatal flaws, constructability
challenges, unit off-line schedule requirements or site-specific considerations developed
or understood during the field work conducted during the week of May 10™, as well as
information provided by E.ON. B&V will analyze costs for one selected/approved
technology for each applicable pollutant.

AQC Technology Recommendation

Pollutant

AQC Equipment

E.ON Approval to
Cost

NOy

New Selective Catalytic Reduction (SCR) is
required fo meet the new NO, compliance limit of
0.11 Ib/MBtu

oYes oNo

S0,

No new technoloqy is required. Existing WFGD
can meet the new SO, compliance limit of 0.25
Ib/MBtu

oYes o No

PM

New full size Pulse Jet Fabric Filter (PJFF) is
required fto meet the new PM compliance limit of
0.03 Ib/MBtu.

oYes o No

CO

No feasible and proven technology is available.
Existing combustion controls cannot meet the new
CO compliance limit of 0.02 Ib/MBftu

(Please confirm CO emission level is 0.02 and not
0.20 Ib/MBtu)

oYes o No

Hg

New Powdered Activated Carbon (PAC) Injection
required with new full size Pulse Jet Fabric Filter
PJFF) to meet the new Hg compliance limit of 1 x
10” Ib/MBtu.

o Yes o No

HCI

No new technoloqy selected. Existing WFGD can
meet the new HCI compliance limit of 0.002 Ib/MBiu

oYes o No

Dioxin/Furan

New Powdered Activated Carbon (PAC) Injection
required with new full size Pulse Jet Fabric Filter
(PJFF) to meet the new dioxin/furan compliance limit
of 15 x 10°7'° Ib/MBtu.

o Yes o No
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Ghent
Unit: 2

Note: If E.ON does not approve a specific technology, an explanation can be included in
the following section--comments by E.ON on specific issues regarding control equipment
and a decision to approve a technology should be described in detail.

E.ON fto return written approval and comments sections fo B&V.

E.ON Comments:

If the Mercury requirement ultimately is by plant and not unit, can Ghent
meet the PN requirement without installing a PJFF system on Unit 27 - Formattea: Highiight
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Ghent
Unit: 2

Pollutant: NO,

Feasible Control Options:
e Selective Non Catalytic Reduction (SNCR) / Selective Catalytic Reduction (SCR)
Hybrid
s Selective Catalytic Reduction (SCR)

Special Considerations:

o SNCR/SCR Hybrid systems may be able to achieve the new NO, compliance
limit of 0.11 Ib/MBtu but it will not provide a long term consistent solution for NOy
emissions less than 0.11 Ib/MBtu.

e SCR can consistently achieve NOy emissions of 0.11 Ib/MBtu on a continuous
basis and has a capability to expand to meet the NO, emissions even lower than
0.11 Ib/MBtu. Hence SCR is the most feasible and expandable control
technology considered for NO, reduction including future requirements.

o Likely require SO; mitigate system.

¢ New booster and/or ID fan installation as needed.

e Location: SCR would be required downstream of the existing economizer and
upstream of the air heater.

o Real Estate Constraints — Space is available outside the boiler building on the
south side to install the SCR. The SCR will be elevated above grade.

s Construction Issues — Access for heavy equipment and cranes is not available.

o Demolition and relocation of overhead walkway from Unit 2 to Unit 3 boiler
building.

o Demolition and relocation of some of the overhead power lines.

o Tower cranes are required for access of heavy equipment and
construction of SCR.

Pollutant: SO,

Feasible Control Options:
e No new SO, control technology is required. The unit is currently equipped
with wet FGD technology that can meet future target SO, emissions level of 0.25
Ib/MBtu.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Ghent
Unit: 2

Pollutant: Particulate (PM)

Feasible Control Options:

Compact Hybrid Particulate Collector (COHPAC™).
Pulse Jet Fabric Filter (PJFF)

Special Considerations:

COHPAC may be able to achieve the new PM compliance limit of 0.03 Ib/MBtu
but it is not considered a long term solution for PM emissions less than 0.03
Ib/MBtu.
A full-size PJFF can consistently achieve PM emissions of less than 0.03 Ib/MBtu
on a continuous basis and has a capability to expand to meet the PM emissions
lower than 0.03 Ib/MBtu. Hence a full size PJFF is the most feasible and
expandable control technology considered for PM reduction including future
requirements.
New booster and/or ID fan installation as needed.
Existing ESP to be kept for additional PM filtration.
Location: A new PJFF for Unit 2 will be located downstream of the existing ID
fans of Unit 2 and upstream of the new booster fans for Unit 2.
Real Estate Constraints — No space is available at grade level to install the new
PJFF. Therefore the new PJFF will need to be constructed at an elevation above
grade level, with Booster fan or ID fan upgrades.
Construction Issues — Ductwark interference. Access for heavy cranes may be a
possible issue

o Requires demolition of ductwork

o Demolition and relocation of pipe rack for access

Pollutant: CO

Feasible Control Options:

No feasible and proven technoloqy is available for this type and size of unit
to meet the 0.02 Ib/MBtu emission limit.
Note: Please confirm CO emission level is 0.02 and not 0.20 Ib/MBtu.

05/19/2010 4 of 5

LGE-KU-00008589



Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Ghent
Unit: 2

Pollutant: Mercury (Hg)

Feasible Control Options:
o New Powdered Activated Carbon (PAC) Injection in conjunction with new full size
PJFF can meet the new Hg compliance limit of 1 x 10° Ibo/MBtu or lower on a
continuous basis and hence is the most feasible control technology.

Special Considerations:
o The existing hot-side dry ESP will not be capable of removing 90% mercury with
PAC injection and hence not recommended for cost considerations.
Full size PJFF for Unit 2.
PAC to be injected downstream of the existing ID fans but upstream of new full
size PJFF for Unit 2.

Pollutant: Hydrogen Chloride (HCI)

Feasible Control Options:
+ No new control technology is required as the unit is currently meeting target
emission level of 0.002 Ib/MBtu HCL emissions with an existing Wet FGD.

Pollutant: Dioxin/Furan

Feasible Control Options:
e PAC injection with new PJFF considered for mercury control can meet the
dioxin/furan compliance limit of 15 x 10™® Ib/MBtu or lower on a continuous basis
and hence is the most feasible control technology.

Special Considerations:
¢ Dioxin and Furan removal will be a co-benefit with targeted mercury emissions
removal and additional PAC consumption beyond mercury removal will be
required.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Ghent
Unit: 3

The following AQC control technologies comprise the recommended technologies to
control unit pollutant emissions to the targeted emission levels. As summarized on the
following pages, the recommended technologies are based on the known technology
limitations, future expanding capability, arrangement or site fatal flaws, constructability
challenges, unit off-line schedule requirements or site-specific considerations developed
or understood during the field work conducted during the week of May 10", as well as
information provided by E.ON. B&V will analyze costs for one selected/approved
technology for each applicable pollutant.

AQC Technology Recommendation

E.ON Approval to

Pollutant AQC Equipment Cost’

NOx No new technology is required. Existing SCRcan |oYes oNo
meet the new NO, compliance limit of 0.11 Ib/MBtu

SO, No new technology is required. Existing WFGD oYes oNo
can meet the new SO, compliance limit of 0.25
Ib/MBtu

PM New full size Pulse Jet Fabric Filter (PJFF) is oYes oNo
required to meet the new PM compliance limit of
0.03 Ib/MBtu.

CO No feasible and proven technology is available. oYes oNo

Existing combustion controls cannot meet the new
CO compliance limit of 0.02 Ib/MBtu

(Please confirm CO emission level is 0.02 and not
0.20 Ib/MBtu)

Hg New Powdered Activated Carbon (PAC) Injection |11Yes o No
required with new full size Pulse Jet Fabric Filter
PJFF) to meet the new Hg compliance limit of 1 x
107 Ib/MBtu.

HCI No new technology selected. Existing WFGD can |oYes oNo
meet the new HCI compliance limit of 0.002 Ib/MBtu

Dioxin/Furan | New Powdered Activated Carbon (PAC) Injection |1 Yes o No
required with new full size Pulse Jet Fabric Filter
(PJFF) to meet the new dioxin/furan compliance limit
of 15 x 1078 Ib/MBtu.

Note: If E.ON does not approve a specific technology, an explanation can be included in
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Ghent
Unit: 3

the following section--comments by E.ON on specific issues regarding control equipment
and a decision to approve a technology should be described in detail.

E.ON to return written approval and comments sections to B&V.

E.ON Comments:

For the Mercury section, page 4, under “Special Considerations”, the
wording should be changed to reflect this unit is a hot-side ESP not a cold-
side ESP.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Ghent
Unit: 3

Pollutant: NO,

Feasible Control Options:
e No new NO, control technology is required. The unit is currently equipped
with SCR that can meet the future target NOx emissions level of 0.11 Ib/MBtu.

Special Considerations:
e Plant is currently planning injection technology to mitigate SOz from the SCR.

Pollutant: SO,

Feasible Control Options:
¢ No new SO, control technology is required. The unit is currently equipped
with wet FGD technology that can meet future target SO, emissions level of 0.25
Ib/MBtu.

Pollutant: Particulate (PM)

Feasible Control Options:
e Compact Hybrid Particulate Collector (COHPAC™).
e Pulse Jet Fabric Filter (PJFF)

Special Considerations:
e COHPAC may be able to achieve the new PM compliance limit of 0.03 Ib/MBtu

but it is not considered a long term solution for PM emissions less than 0.03
lb/MBtu.

¢ A full-size PJFF can consistently achieve PM emissions of less than 0.03 Ib/MBtu
on a continuous basis and has a capability to expand to meet the PM emissions
lower than 0.03 Ib/MBtu. Hence a full size PJFF is the most feasible and
expandable control technology considered for PM reduction including future
requirements.

¢ New booster and/or ID fan installation as needed.

o Existing ESP to be kept for additional PM filtration.

e Location: A new PJFF for Unit 3 will be located downstream of the existing ID
fans of Unit 3 and upstream of the new booster fans for Unit 3.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Ghent
Unit: 3

o Real Estate Constraints — There is very limited space available between the ID
fan outlet and wet scrubber inlet on the west side. The new PJFF will be installed
on the south side of Unit 4 ESP, with Booster fan or ID fan upgrades.

e Construction Issues — Electrical manhole, electrical duct banks and circulating
water and storm water drain piping running underground on the south side of Unit
4 ESP will need to be relocated to make real estate available.

o Warehouse needs to be demolished
o Well water pumps needs to be relocated

Pollutant: CO

Feasible Control Options:

e No feasible and proven technoloqy is available for this type and size of unit
to meet the 0.02 Ib/MBtu emission limit.
o Note: Please confirm CQO emission level is 0.02 and not 0.20 Ib/MBtu.

Pollutant: Mercury (Hg)

Feasible Control Options:
¢ New Powdered Activated Carbon (PAC) Injection in conjunction with new full size
PJFF can meet the new Hg compliance limit of 1 x 10 Ib/MBtu or lower on a
continuous basis and hence is the most feasible control technology.

Special Considerations:

e The existing cold-side dry ESP will not be capable of removing 90% mercury with
PAC injection and hence not recommended for cost considerations.
o PJFF for Unit 3.

e PAC to be injected downstream of the existing ID fans but upstream of new full
size PJFF for Unit 3.

Pollutant: Hydrogen Chloride (HCI)

Feasible Control Options:

¢ No new control technology is required as the unit is currently meeting target
emission level of 0.002 Ib/MBtu HCL emissions with an existing Wet FGD.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Ghent
Unit: 3

Pollutant: Dioxin/Furan

Feasible Control Options:
e PAC injection with new PJFF considered for mercury control can meet the
dioxin/furan compliance limit of 15 x 107'® Ib/MBtu or lower on a continuous basis
and hence is the most feasible control technology.

Special Considerations:
¢ Dioxin and Furan removal will be a co-benefit with targeted mercury emissions
removal and additional PAC consumption beyond mercury removal will be
required.

05/19/2010 S5of5

LGE-KU-00008595



Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Ghent
Unit: 4

The following AQC control technologies comprise the recommended technologies to
control unit pollutant emissions to the targeted emission levels. As summarized on the
following pages, the recommended technologies are based on the known technology
limitations, future expanding capability, arrangement or site fatal flaws, constructability
challenges, unit off-line schedule requirements or site-specific considerations developed
or understood during the field work conducted during the week of May 10", as well as
information provided by E.ON. B&V will analyze costs for one selected/approved
technology for each applicable pollutant.

AQC Technology Recommendation

E.ON Approval to

Pollutant AQC Equipment Cost’

NOx No new technology is required. Existing SCRcan |oYes oNo
meet the new NO, compliance limit of 0.11 Ib/MBtu

SO, No new technology is required. Existing WFGD oYes oNo
can meet the new SO, compliance limit of 0.25
Ib/MBtu

PM No new technologqy is required for PM as current oYes oNo
ESP is capable of meeting 0.03 Ib/MBtu emissions.

CO No feasible and proven technoloqy is available. oYes oNo

Existing combustion controls cannot meet the new
CO compliance limit of 0.02 Ib/MBtu

(Please confirm CO emission level is 0.02 and not
0.20 Ib/MBtu)

Hg New Powdered Activated Carbon (PAC) Injection | o Yes oNo
required with new full size Pulse Jet Fabric Filter
(PJFF) to meet the new Hg compliance limit of 1 x
10 Ib/MBtu.

HCI No new technology selected. Existing WFGD can |oYes oNo
meet the new HCI compliance limit of 0.002 Ib/MBtu

Dioxin/Furan | New Powdered Activated Carbon (PAC) Injection | o Yes oNo

required with new full size Pulse Jet Fabric Filter
(PJFF) to meet the new dioxin/furan compliance limit
of 15 x 108 Ib/MBtu.

Note: If E.ON does not approve a specific technology, an explanation can be included in
the following section--comments by E.ON on specific issues regarding control equipment
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Ghent
Unit: 4

and a decision to approve a technology should be described in detail.

E.ON fto return written approval and comments sections to B&V.

E.ON Comments:
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Ghent
Unit: 4

Pollutant: NO,

Feasible Control Options:
e No new NOx control technology is required. The unit is currently equipped
with SCR that can meet the future target NOx emissions level of 0.11 Ib/MBtu.

Special Considerations:
e Plant is currently planning injection technology to mitigate SOz from the SCR.

Pollutant: SO,

Feasible Control Options:
¢ No new SO, control technology is required. The unit is currently equipped
with wet FGD technology that can meet future target SO, emissions level of 0.25
Ib/MBtu.

Pollutant: Particulate (PM)

Feasible Control Options:
¢ No new PM control technology is required to meet the 0.03 Ib/MBTU
emissions limit.

Special Considerations:
e A new PJFF will be required to meet mercury control using PAC. The existing
ESP alone will not be capable of meeting the mercury compliance emissions
using PAC.

Pollutant: CO

Feasible Control Options:

o No feasible and proven technoloqy is available for this type and size of unit
to meet the 0.02 Ib/MBtu emission limit.

o Note: Please confirm CO emission level is 0.02 and not 0.20 |b/MBtu.

05/19/2010 3ofs

LGE-KU-00008598



Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Ghent
Unit: 4

Pollutant: Mercury (Hg)

Feasible Control Options:

New Powdered Activated Carbon (PAC) Injection in conjunction with new full size
PJFF can meet the new Hg compliance limit of 1 x 10 Ib/MBtu or lower on a
continuous basis and hence is the most feasible control technology.

Special Considerations:

The existing hot-side dry ESP will not be capable of removing 90% mercury with
PAC injection and hence not recommended for cost considerations.
PJFF for Unit 4.
PAC fo be injected downstream of the existing ID fans but upstream of new full
size PJFF for Unit 4.
New booster and/or ID fan installation as needed.
Existing ESP to be kept for additional PM filtration.
Location: A new PJFF for Unit 4 will be located downstream of the existing ID
fans of Unit 4 and upstream of the new booster fans for Unit 4.
Real Estate Constraints — There is very limited space available between the ID
fan outlet and wet scrubber inlet on the west side. The new PJFF will be installed
on the south side of Unit 4 ESP, with Booster fan or ID fan upgrades.
Construction Issues — Electrical manhole, electrical duct banks and circulating
water and storm water drain piping running underground on the south side of Unit
4 ESP will need to be relocated to make real estate available.

o Warehouse needs to be demolished

o Well water pumps needs to be relocated

Pollutant: Hydrogen Chloride (HCI)

Feasible Control Options:

No new control technologqy is required as the unit is currently meeting target
emission level of 0.002 Ib/MBtu HCL emissions with an existing Wet FGD.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Ghent
Unit: 4

Pollutant: Dioxin/Furan

Feasible Control Options:
e PAC injection with new PJFF considered for mercury control can meet the
dioxin/furan compliance limit of 15 x 107'® Ib/MBtu or lower on a continuous basis
and hence is the most feasible control technology.

Special Considerations:
¢ Dioxin and Furan removal will be a co-benefit with targeted mercury emissions
removal and additional PAC consumption beyond mercury removal will be
required.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide

Air Quality Control Technology Assessment

Technology Options

Plant: Cane Run

Unit: 4

The following AQC control technologies comprise the recommended technologies to
control unit pollutant emissions to the targeted emission levels. As summarized on the
following pages, the recommended technologies are based on the known technology
limitations, future expanding capability, arrangement or site fatal flaws, constructability
challenges, unit off-line schedule requirements or site-specific considerations developed
or understood during the field work conducted during the week of May 10", as well as
information provided by E.ON. B&V will analyze costs for the one selected/approved
technology for each applicable pollutant.

AQC Technology Recommendation

Pollutant

AQC Equipment

E.ON Approval to
Cost

NOy

New Selective Catalytic Reduction (SCR) is
required to meet the new NOy compliance limit of
0.11 Ib/MBtu.

oYes o No

SO,

New Wet Flue Gas Desulfurization (WFGD) is

required fo meet the new SO, compliance limit of
0.25 Ib/MBtu.

oo Yes o No

PM

New full size Pulse Jet Fabric Filter (PJFF) is
required to meet the new PM compliance limit of
0.03 Ib/MBtu.

o Yes o No

CO

No feasible and proven technology is available.
Existing combustion controls cannot meet the new
CO compliance limit of 0.02 Ib/MBTU

(Please confirm CO emission level is 0.02 and not
0.20 Ib/MBtu)

oYes o No

Hg

New Powdered Activated Carbon (PAC) Injection
required with new full size Pulse Jet Fabric Filter
(PJFF) to meet the new Hg compliance limit of 1 x
107 Ib/MBtu.

o Yes o No

HCI

No new technoloqgy selected. Existing WFGD can
meet the new HCI compliance limit of 0.002 Ib/MBtu

oYes o No

Dioxin/Furan

New Powdered Activated Carbon (PAC) Injection

required with new full size Pulse Jet Fabric Filter
(PJFF) to meet the new dioxin/furan compliance limit
of 15 x107" Ib/MBtu.

oYes oNo
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Cane Run
Unit: 4

Note: If E.ON does not approve a specific technology, an explanation can be included in
the following section--comments by E.ON on specific issues regarding control equipment
and a decision to approve a technology should be described in detail.

E.ON fto return written approval and comments sections to B&V.

Special Considerations Summary:

o Complete demolition of everything behind the boiler.

¢ Demolish and Build in Phases; requires ~20-30 month of construction outage for
Unit 4.

¢ New ID Fans and wet liner/stack required for Unit 4 which will be a common
concrete shell for units 4, 5 and 6 with separate wet flue liners.

¢ Relocate existing overhead power lines towards the backend equipment to
minimize construction hazards.

¢ New common stack located near unit 5.

o Existing stacks demolished.

e Construction sequence starts with unit 5.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Cane Run
Unit: 4

E.ON Comments:

General Comments:

e During the site visits and in subsequent discussions with EON
personnel, the outage timeframes were depicted in the 18-20 month
range not 20-30 month range. Please explain the discrepancy.

e Forthe SCR’s, an SO3 mitigation system is described as likely

needed. To ultimately understand the total cost impact for Cane Run,

EON will need to know those costs. Please contact Eileen Saunders
regarding this item.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Cane Run
Unit: 4

Pollutant: NO,

Feasible Control Options:

Selective Non Catalytic Reduction (SNCR) / Selective Catalytic Reduction (SCR)
Hybrid
Selective Catalytic Reduction (SCR)

Special Considerations:

SNCR/SCR Hybrid systems may be able to achieve the new NO, compliance
limit of 0.11 Ib/MBtu but it will not provide a long term consistent solution for NOy
emissions less than 0.11 Ib/MBtu.

SCR can consistently achieve NO, emissions of 0.11 Ib/MBtu on a continuous
basis and has a capability to expand to meet the NO, emissions even lower than
0.11 Ib/MBtu. Hence SCR is the most feasible and expandable control
technology considered for NOx reduction including future requirements.

Likely require SO3; mitigation system.

New ID fan installation as needed.

New air heater needed.

Existing air heater demolished.

Location: SCR would be required downstream of the existing economizer and
upstream of the new air heater.

Pollutant: SO,

Feasible Control Options:

Semi-Dry Flue Gas Desulfurization (FGD)
Wet Flue Gas Desulfurization (WFGD)

Special Considerations:

Semi-Dry FGD systems may be able to achieve the new SO, compliance limit of
0.25 Ib/MBtu but it will not provide a long term consistent solution for SO»
emissions less than 0.25 Ib/MBtu on high sulfur fuels. The O&M costs
economics could favor use of a wet FGD technology when scrubbing high sulfur
coals expected to be burned at Cane Run units.

WFGD can consistently achieve SO, emissions of 0.25 Ib/MBtu on a continuous
basis and has a capability to expand to meet the SO, emissions even lower than
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Cane Run
Unit: 4

0.25 Ib/MBtu burning high sulfur content coals. Hence WFGD is the most feasible

and expandable control technology considered for SO, reduction including future

requirements.

New ID fan installation as needed.

Existing WFGD will be demolished.

Existing ID fans will be demolished

Location: WFGD would be required downstream of the new ID fans and

upstream of the new stack.

¢ To minimize outage time, Unit 4 Scrubbers will be installed in parallel with SCR.
and installation of baghouse.

Pollutant: Particulate (PM)

Feasible Control Options:
e Cold-side Dry ESP
e Compact Hybrid Particulate Collector (COHPAC™).
¢ Pulse Jet Fabric Filter (PJFF) .

Special Considerations:

e Both dry cold-side ESP and COHPAC combination may be able to achieve the
new PM compliance limit of 0.03 Ib/MBtu but it is not considered a long term
solution for PM emissions less than 0.03 Ib/MBtu. However a full size PJFF
offers more direct benefits or co-benefits of removing future multi-pollutants using
some form of injection upstream when compared to dry ESPs. Hence either
ESPs or COHPAC combination is not recommended.

¢ A full-size PJFF can consistently achieve PM emissions of less than 0.03 Ib/MBtu
on a continuous basis and has a capability to expand to meet the PM emissions
lower than 0.03 Ib/MBtu. Hence a full size PJFF is the most feasible and
expandable control technology considered for PM reduction including future
requirements.

¢ New ID fan installation as needed.

e Existing ESP will be demolished (no additional PM filtration proposed for ash
sales).

¢ New air heater needed.

o Existing air heater demolished.

e Location: A new PJFF for Unit 4 will be located downstream of the new air heater
and upstream of the new ID fans.

e Existing ID fans will be demolished.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Cane Run
Unit: 4

Pollutant: CO

Feasible Control Options:
o No feasible and proven technoloqy is available for this type and size of unit
to meet the 0.02 Ib/MBtu emission limit.
o Note : Please confirm CO emission level is 0.02 and not 0.20 Ib/MBtu.

Pollutant: Mercury (Hg)

Feasible Control Options:
¢ New Powdered Activated Carbon (PAC) Injection in conjunction new PJFF can
meet the new Hg compliance limit of 1 x 10 Ib/MBtu or lower on a continuous
basis and hence is the most feasible control technology.

Special Considerations:
¢ The existing cold-side dry ESP will not be capable to removing 90% mercury with
PAC injection and hence not recommended for cost considerations.
e A Full size PJFF in conjunction with PAC injection for Unit 4 is recommended to
remove 90% mercury emissions.
e PAC to be injected downstream of the new air heater but upstream of new full
size PJFF for Unit 4

Pollutant: Hydrogen Chloride (HCI)

Feasible Control Options:
¢ No new control technology is required as the unit is currently meeting target
emission level of 0.002 Ib/MBtu HCI emissions with an existing Wet FGD and
similarly it is expected to meet the same target emission level of 0.002 Ib/MBtu
with new Wet FGD recommended.

Special Considerations:
e New WFGD proposed as control technology for SOz reduction for future
requirements will also meet HCI target emission level.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Cane Run
Unit: 4

Pollutant: Dioxin/Furan

Feasible Control Options:
¢ PAC injection with new PJFF considered for mercury control can meet the
dioxin/furan compliance limit of 15 x 10 Ib/MBtu or lower on a continuous basis
and hence is the most feasible control technology.

Special Considerations:
e Dioxin and Furan removal will be a co-benefit with targeted mercury emissions
removal and additional PAC consumption beyond mercury removal will be
required.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide

Air Quality Control Technology Assessment

Technology Options

Plant: Cane Run

Unit: 5

The following AQC control technologies comprise the recommended technologies to
control unit pollutant emissions to the targeted emission levels. As summarized on the
following pages, the recommended technologies are based on the known technology
limitations, future expanding capability, arrangement or site fatal flaws, constructability
challenges, unit off-line schedule requirements or site-specific considerations developed
or understood during the field work conducted during the week of May 10", as well as
information provided by E.ON. B&V will analyze costs for the one selected/approved
technology for each applicable pollutant.

AQC Technology Recommendation

Pollutant

AQC Equipment

E.ON Approval to
Cost

NOy

New Selective Catalytic Reduction (SCR) is
required to meet the new NOy compliance limit of
0.11 Ib/MBtu.

oYes o No

SO,

New Wet Flue Gas Desulfurization (WFGD) is

required fo meet the new SO, compliance limit of
0.25 Ib/MBtu.

oo Yes o No

PM

New full size Pulse Jet Fabric Filter (PJFF) is
required to meet the new PM compliance limit of
0.03 Ib/MBtu.

o Yes o No

CO

No feasible and proven technology is available.
Existing combustion controls cannot meet the new
CO compliance limit of 0.02 Ib/MBTU

(Please confirm CO emission level is 0.02 and not
0.20 Ib/MBtu)

oYes o No

Hg

New Powdered Activated Carbon (PAC) Injection
required with new full size Pulse Jet Fabric Filter
(PJFF) to meet the new Hg compliance limit of 1 x
107 Ib/MBtu.

o Yes o No

HCI

No new technoloqgy selected. Existing WFGD can
meet the new HCI compliance limit of 0.002 Ib/MBtu

oYes o No

Dioxin/Furan

New Powdered Activated Carbon (PAC) Injection

required with new full size Pulse Jet Fabric Filter
(PJFF) to meet the new dioxin/furan compliance limit
of 15 x107" Ib/MBtu.

oYes oNo
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Cane Run
Unit: 5

Note: If E.ON does not approve a specific technology, an explanation can be included in
the following section--comments by E.ON on specific issues regarding control equipment
and a decision to approve a technology should be described in detail.

E.ON fto return written approval and comments sections to B&V.

Special Considerations Summary:

o Complete demolition of everything behind the boiler.

¢ Demolish and Build in Phases; requires ~20-30 month of construction outage for
Unit 5.

e New ID Fans and wet liner/stack required for Unit 5 which will be a common
concrete shell for units 4, 5 and 6 with separate wet flue liners.

¢ Relocate existing overhead power lines towards the backend equipment to
minimize construction hazards.

¢ New common stack located near unit 5.

o Existing stacks demolished.

e Construction sequence starts with unit 5.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Cane Run
Unit: 5

E.ON Comments:
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Cane Run
Unit: 5

Pollutant: NO,

Feasible Control Options:

Selective Non Catalytic Reduction (SNCR) / Selective Catalytic Reduction (SCR)
Hybrid
Selective Catalytic Reduction (SCR)

Special Considerations:

SNCR/SCR Hybrid systems may be able to achieve the new NO, compliance
limit of 0.11 Ib/MBtu but it will not provide a long term consistent solution for NOy
emissions less than 0.11 Ib/MBtu.

SCR can consistently achieve NO, emissions of 0.11 Ib/MBtu on a continuous
basis and has a capability to expand to meet the NO, emissions even lower than
0.11 Ib/MBtu. Hence SCR is the most feasible and expandable control
technology considered for NO, reduction including future requirements.

Likely require SO3; mitigation system.

New ID fan installation as needed.

New air heater needed.

Existing air heater demolished.

Location: SCR would be required downstream of the existing economizer and
upstream of the new air heater.

Pollutant: SO,

Feasible Control Options:

Semi-Dry Flue Gas Desulfurization (FGD)
Wet Flue Gas Desulfurization (WFGD)

Special Considerations:

Semi-Dry FGD systems may be able to achieve the new SO, compliance limit of
0.25 Ib/MBtu but it will not provide a long term consistent solution for SO»
emissions less than 0.25 Ib/MBtu on high sulfur fuels. The O&M costs
economics could favor use of a wet FGD technology when scrubbing high sulfur
coals expected to be burned at Cane Run units.

WFGD can consistently achieve SO, emissions of 0.25 Ib/MBtu on a continuous
basis and has a capability to expand to meet the SO, emissions even lower than
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Cane Run
Unit: 5

0.25 Ib/MBtu burning high sulfur content coals. Hence WFGD is the most feasible

and expandable control technology considered for SO, reduction including future

requirements.

New ID fan installation as needed.

Existing WFGD will be demolished.

Existing ID fans will be demolished

Location: WFGD would be required downstream of the new ID fans and

upstream of the new stack.

¢ To minimize outage time, Unit 5 Scrubbers will be installed in parallel with SCR.
and installation of baghouse.

Pollutant: Particulate (PM)

Feasible Control Options:
e Cold-side Dry ESP
e Compact Hybrid Particulate Collector (COHPAC™).
¢ Pulse Jet Fabric Filter (PJFF) .

Special Considerations:

e Both dry cold-side ESP and COHPAC combination may be able to achieve the
new PM compliance limit of 0.03 Ib/MBtu but it is not considered a long term
solution for PM emissions less than 0.03 Ib/MBtu. However a full size PJFF
offers more direct benefits or co-benefits of removing future multi-pollutants using
some form of injection upstream when compared to dry ESPs. Hence either
ESPs or COHPAC combination is not recommended.

¢ A full-size PJFF can consistently achieve PM emissions of less than 0.03 Ib/MBtu
on a continuous basis and has a capability to expand to meet the PM emissions
lower than 0.03 Ib/MBtu. Hence a full size PJFF is the most feasible and
expandable control technology considered for PM reduction including future
requirements.

¢ New ID fan installation as needed.

e Existing ESP will be demolished (no additional PM filtration proposed for ash
sales).

¢ New air heater needed.

o Existing air heater demolished.

e Location: A new PJFF for Unit 5 will be located downstream of the new air heater
and upstream of the new ID fans.

e Existing ID fans will be demolished.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Cane Run
Unit: 5

Pollutant: CO

Feasible Control Options:
o No feasible and proven technoloqy is available for this type and size of unit
to meet the 0.02 Ib/MBtu emission limit.
o Note : Please confirm CO emission level is 0.02 and not 0.20 Ib/MBtu.

Pollutant: Mercury (Hg)

Feasible Control Options:
¢ New Powdered Activated Carbon (PAC) Injection in conjunction new PJFF can
meet the new Hg compliance limit of 1 x 10 Ib/MBtu or lower on a continuous
basis and hence is the most feasible control technology.

Special Considerations:
¢ The existing cold-side dry ESP will not be capable to removing 90% mercury with
PAC injection and hence not recommended for cost considerations.
e A Full size PJFF in conjunction with PAC injection for Unit 5 is recommended to
remove 90% mercury emissions.
e PAC to be injected downstream of the new air heater but upstream of new full
size PJFF for Unit 5

Pollutant: Hydrogen Chloride (HCI)

Feasible Control Options:
¢ No new control technology is required as the unit is currently meeting target
emission level of 0.002 Ib/MBtu HCI emissions with an existing Wet FGD and
similarly it is expected to meet the same target emission level of 0.002 Ib/MBtu
with new Wet FGD recommended.

Special Considerations:
e New WFGD proposed as control technology for SOz reduction for future
requirements will also meet HCI target emission level.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Cane Run
Unit: 5

Pollutant: Dioxin/Furan

Feasible Control Options:
¢ PAC injection with new PJFF considered for mercury control can meet the
dioxin/furan compliance limit of 15 x 10 Ib/MBtu or lower on a continuous basis
and hence is the most feasible control technology.

Special Considerations:
e Dioxin and Furan removal will be a co-benefit with targeted mercury emissions

removal and additional PAC consumption beyond mercury removal will be
required.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide

Air Quality Control Technology Assessment

Technology Options

Plant: Cane Run

Unit: 6

The following AQC control technologies comprise the recommended technologies to
control unit pollutant emissions to the targeted emission levels. As summarized on the
following pages, the recommended technologies are based on the known technology
limitations, future expanding capability, arrangement or site fatal flaws, constructability
challenges, unit off-line schedule requirements or site-specific considerations developed
or understood during the field work conducted during the week of May 10", as well as
information provided by E.ON. B&V will analyze costs for the one selected/approved
technology for each applicable pollutant.

AQC Technology Recommendation

Pollutant

AQC Equipment

E.ON Approval to
Cost

NOy

New Selective Catalytic Reduction (SCR) is
required to meet the new NOy compliance limit of
0.11 Ib/MBtu.

oYes o No

SO,

New Wet Flue Gas Desulfurization (WFGD) is

required fo meet the new SO, compliance limit of
0.25 Ib/MBtu.

oo Yes o No

PM

New full size Pulse Jet Fabric Filter (PJFF) is
required to meet the new PM compliance limit of
0.03 Ib/MBtu.

o Yes o No

CO

No feasible and proven technology is available.
Existing combustion controls cannot meet the new
CO compliance limit of 0.02 Ib/MBTU

(Please confirm CO emission level is 0.02 and not
0.20 Ib/MBtu)

oYes o No

Hg

New Powdered Activated Carbon (PAC) Injection
required with new full size Pulse Jet Fabric Filter
(PJFF) to meet the new Hg compliance limit of 1 x
107 Ib/MBtu.

o Yes o No

HCI

No new technoloqgy selected. Existing WFGD can
meet the new HCI compliance limit of 0.002 Ib/MBtu

oYes o No

Dioxin/Furan

New Powdered Activated Carbon (PAC) Injection

required with new full size Pulse Jet Fabric Filter
(PJFF) to meet the new dioxin/furan compliance limit
of 15 x107" Ib/MBtu.

oYes oNo

05/19/2010
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Cane Run
Unit: 6

Note: If E.ON does not approve a specific technology, an explanation can be included in
the following section--comments by E.ON on specific issues regarding control equipment
and a decision to approve a technology should be described in detail.

E.ON fto return written approval and comments sections to B&V.

Special Considerations Summary:

o Complete demolition of everything behind the boiler.

¢ Demolish and Build in Phases; requires ~20-30 month of construction outage for
Unit 6.

¢ New ID Fans and wet liner/stack required for Unit 6 which will be a common
concrete shell for units 4, 5 and 6 with separate wet flue liners.

¢ Relocate existing overhead power lines towards the backend equipment to
minimize construction hazards.

¢ New common stack located near unit 5.

o Existing stacks demolished.

e Construction sequence starts with unit 5.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Cane Run
Unit: 6

E.ON Comments:
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Cane Run
Unit: 6

Pollutant: NO,

Feasible Control Options:

Selective Non Catalytic Reduction (SNCR) / Selective Catalytic Reduction (SCR)
Hybrid
Selective Catalytic Reduction (SCR)

Special Considerations:

SNCR/SCR Hybrid systems may be able to achieve the new NOx compliance
limit of 0.11 Ib/MBtu but it will not provide a long term consistent solution for NOx
emissions less than 0.11 Ib/MBtu.

SCR can consistently achieve NOx emissions of 0.11 Ib/MBtu on a continuous
basis and has a capability to expand to meet the NOx emissions even lower than
0.11 Ib/MBtu. Hence SCR is the most feasible and expandable control
technology considered for NOx reduction including future requirements.

Likely require SO3; mitigation system.

New ID fan installation as needed.

New air heater needed.

Existing air heater demolished.

Location: SCR would be required downstream of the existing economizer and
upstream of the new air heater.

Pollutant: SO,

Feasible Control Options:

Semi-Dry Flue Gas Desulfurization (FGD)
Wet Flue Gas Desulfurization (WFGD)

Special Considerations:

Semi-Dry FGD systems may be able to achieve the new SO, compliance limit of
0.25 Ib/MBtu but it will not provide a long term consistent solution for SO»
emissions less than 0.25 Ib/MBtu on high sulfur fuels. The O&M costs
economics could favor use of a wet FGD technology when scrubbing high sulfur
coals expected to be burned at Cane Run units.

WFGD can consistently achieve SO, emissions of 0.25 Ib/MBtu on a continuous
basis and has a capability to expand to meet the SO, emissions even lower than
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Cane Run
Unit: 6

0.25 Ib/MBtu burning high sulfur content coals. Hence WFGD is the most feasible
and expandable control technology considered for SO, reduction including future
requirements.

New ID fan installation as needed.

Existing WFGD will be demolished.

Existing ID fans will be demolished

Location: WFGD would be required downstream of the new ID fans and
upstream of the new stack.

To minimize outage time, Unit 6 Scrubbers will be installed in parallel with SCR.
and installation of baghouse.

Pollutant: Particulate (PM)

Feasible Control Options:

Cold-side Dry ESP
Compact Hybrid Particulate Collector (COHPAC™).
Pulse Jet Fabric Filter (PJFF) .

Special Considerations:

Both dry cold-side ESP and COHPAC combination may be able to achieve the
new PM compliance limit of 0.03 Ib/MBtu but it is not considered a long term
solution for PM emissions less than 0.03 Ib/MBtu. However a full size PJFF
offers more direct benefits or co-benefits of removing future multi-pollutants using
some form of injection upstream when compared to dry ESPs. Hence either
ESPs or COHPAC combination is not recommended.

A full-size PJFF can consistently achieve PM emissions of less than 0.03 Ib/MBtu
on a continuous basis and has a capability to expand to meet the PM emissions
lower than 0.03 Ib/MBtu. Hence a full size PJFF is the most feasible and
expandable control technology considered for PM reduction including future
requirements.

New ID fan installation as needed.

Existing ESP will be demolished (no additional PM filtration proposed for ash
sales).

New air heater needed.

Existing air heater demolished.

Location: A new PJFF for Unit 6 will be located downstream of the new air heater
and upstream of the new ID fans.

Existing ID fans will be demolished.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Cane Run
Unit: 6

Pollutant: CO

Feasible Control Options:
o No feasible and proven technoloqy is available for this type and size of unit
to meet the 0.02 Ib/MBtu emission limit.
o Note : Please confirm CO emission level is 0.02 and not 0.20 Ib/MBtu.

Pollutant: Mercury (Hg)

Feasible Control Options:
¢ New Powdered Activated Carbon (PAC) Injection in conjunction new PJFF
can meet the new Hg compliance limit of 1 x 10° Ib/MBtu or lower on a
continuous basis and hence is the most feasible control technology.

Special Considerations:
¢ The existing cold-side dry ESP will not be capable to removing 90% mercury with
PAC injection and hence not recommended for cost considerations.
e A Full size PJFF in conjunction with PAC injection for Unit 6 is recommended to
remove 90% mercury emissions.
e PAC to be injected downstream of the new air heater but upstream of new full
size PJFF for Unit 6

Pollutant: Hydrogen Chloride (HCI)

Feasible Control Options:
¢ No new control technology is required as the unit is currently meeting target
emission level of 0.002 Ib/MBtu HCI emissions with an existing Wet FGD and
similarly it is expected to meet the same target emission level of 0.002 Ib/MBtu
with new Wet FGD recommended.

Special Considerations:
e New WFGD proposed as control technology for SOz reduction for future
requirements will also meet HCI target emission level.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Cane Run
Unit: 6

Pollutant: Dioxin/Furan

Feasible Control Options:
¢ PAC injection with new PJFF considered for mercury control can meet the
dioxin/furan compliance limit of 15 x 10 Ib/MBtu or lower on a continuous basis
and hence is the most feasible control technology.

Special Considerations:
e Dioxin and Furan removal will be a co-benefit with targeted mercury emissions
removal and additional PAC consumption beyond mercury removal will be
required.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide

Air Quality Control Technology Assessment

Technology Options

Plant: Mill Creek

Unit: 7

The following AQC control technologies comprise the recommended technologies to
control unit pollutant emissions to the targeted emission levels. As summarized on the
following pages, the recommended technologies are based on the known technology
limitations, future expanding capability, arrangement or site fatal flaws, constructability
challenges, unit off-line schedule requirements or site-specific considerations developed
or understood during the field work conducted during the week of May 10", as well as
information provided by E.ON. B&V will analyze costs for the one selected/approved
technology for each applicable pollutant.

AQC Technology Recommendation

Pollutant

AQC Equipment

E.ON Approval to
Cost

NOy

New Selective Catalytic Reduction (SCR) is
required to meet the new NOy compliance limit of
0.11 Ib/MBtu.

oYes o No

SO,

New Wet Flue Gas Desulfurization (WFGD) is
required to meet the new SO, compliance limit of
0.25 Ib/MBtu.

o Yes o No

PM

New full size Pulse Jet Fabric Filter (PJFF) is
required to meet the new PM compliance limit of
0.03 Ib/MBtu. Plus, new cold-side dry ESP for pre
filtration for ash sales.

o Yes o No

CO

No feasible and proven technoloqy is available.
Existing combustion controls cannot meet the new
CO compliance limit of 0.02 Ib/MBTU

(Please confirm CO emission level is 0.02 and not
0.20 Ib/MBtu)

oYes o No

Hg

New Powdered Activated Carbon (PAC) Injection

required with new full size Pulse Jet Fabric Filter

PJFF) to meet the new Hg compliance limit of 1 x
10” Ib/MBtu.

o Yes o No

HCI

No new technology selected. Existing WFGD can

meet the new HCI compliance limit of 0.002 Ib/MBtu.

oYes o No

Dioxin/Furan

New Powdered Activated Carbon (PAC) Injection

required with new full size Pulse Jet Fabric Filter
(PJFF) to meet the new dioxin/furan compliance limit

of 15 x10°"8 Ib/MBtu.

oYes o No

05/20/2010
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek
Unit: 1

Note: If E.ON does not approve a specific technology, an explanation can be included in
the following section--comments by E.ON on specific issues regarding control equipment
and a decision to approve a technology should be described in detail.

E.ON to return written approval and comments sections to B&V.

Special Considerations Summary:

e Erection of new pre-filter ESP/ and new PJFF and ID fans prior to demolition of
existing ESP required in meeting recommended phased approach to create real
estate for new SCR.

¢ SCRwill be installed in same physical location as existing ESP.

o Existing wet stack will be reused.

¢ Phased erection is required to minimize unit outage for tie-in to existing
components.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek
Unit: 1

E.ON Comments:

05/20/2010 3of7

LGE-KU-00008626



Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek
Unit: 1

Pollutant: NO,

Feasible Control Options:

Selective Non Catalytic Reduction (SNCR) / Selective Catalytic Reduction (SCR)
Hybrid
Selective Catalytic Reduction (SCR)

Special Considerations:

SNCR/SCR Hybrid systems may be able to achieve the new NOx compliance
limit of 0.11 Ib/MBtu but it will not provide a long term consistent solution for NOx
emissions less than 0.11 Ib/MBtu.

SCR can consistently achieve NOx emissions of 0.11 Ib/MBtu on a continuous
basis and has a capability to expand to meet the NOx emissions even lower than
0.11 Ib/MBtu. Hence SCR is the most feasible and expandable control
technology considered for NOx reduction including future requirements.

Likely require SO3; mitigation system.

New ID fan installation as needed.

Existing air heater will be retained

Existing ESP will be demolished.

New economizer bypass will be provided

Location: SCR would be required downstream of the existing economizer and
upstream of the existing air heater.

Pollutant: SO,

Feasible Control Options:

Semi-Dry Flue Gas Desulfurization (FGD)
Wet Flue Gas Desulfurization (\WFGD)

Special Considerations:

Semi-Dry FGD systems may be able to achieve the new SO, compliance limit of
0.25 Ib/MBtu but it will not provide a long term consistent solution for SO»
emissions less than 0.25 Ib/MBtu on high sulfur fuels. The O&M costs
economics could favor use of a wet FGD technology when scrubbing high sulfur
coals expected to be burned at Mill Creek units.

WFGD can consistently achieve SO, emissions of 0.25 Ib/MBtu on a continuous
basis and has a capability to expand to meet the SO, emissions even lower than
0.25 Ib/MBtu burning high sulfur content coals. Hence WFGD is the most feasible
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek
Unit: 1

and expandable control technology considered for SO, reduction including future
requirements.

New ID fans installation is needed.

Existing WFGD will be demolished in a phased approach.

Existing ID fans will be demolished

Location: WFGD would be required downstream of the new ID fans and
upstream of the existing stack. The existing wet stack liner and breaching
including the connecting ductwork will be reused as is.

Pollutant: Particulate (PM)

Feasible Control Options:

Cold-Side Dry ESP
Compact Hybrid Particulate Collector (COHPAC™).
Pulse Jet Fabric Filter (PJFF).

Special Considerations:

Both dry cold-side ESP and COHPAC combination may be able to achieve the
new PM compliance limit of 0.03 Ib/MBtu but it is not considered a long term
solution for PM emissions less than 0.03 Ib/MBtu. However a full size PJFF
offers more direct benefits or co-benefits of removing future multi-pollutants using
some form of injection upstream when compared to dry ESPs. Hence either
ESPs or COHPAC combination is not recommended.

A full-size PJFF can consistently achieve PM emissions of less than 0.03 Ib/MBtu
on a continuous basis and has a capability to expand to meet the PM emissions
lower than 0.03 Ib/MBtu. Hence a full size PJFF is the most feasible and
expandable control technology considered for PM reduction including future
requirements.

New ID fans installation is needed.

Existing ESP will be demolished.

A new cold-side dry ESP will be used as a pre-filter to remove 80-85% fly ash
that can be sold to the cement plant to lower the ash land filling liability. A new
down stream full size PJFF will be used for mercury, acid and some PM control.
Location: A new PJFF for Unit 1 will be located downstream of the existing air
heater and upstream of the new ID fans. The PJFF will possibly be installed on
the top of the pre-filter ESP due to site real estate constraints.

Existing ID fans will be demolished.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek
Unit: 1
Pollutant: CO

Feasible Control Options:
e No feasible and proven technoloqy is available for this type and size of unit
to meet the 0.02 Ib/MBtu emission limit.
¢ Note: Please confirm CO emission level is 0.02 and not 0.20 |b/MBtu.

Pollutant: Mercury (Hg)

Feasible Control Options:
¢ New Powdered Activated Carbon (PAC) Injection in conjunction new PJFF can
meet the new Hg compliance limit of 1 x 10 Ib/MBtu or lower on a continuous
basis and hence is the most feasible control technology.

Special Considerations:
¢ The existing cold-side dry ESP or new proposed cold-side dry ESP will not be
capable to removing 90% mercury with PAC injection and hence not
recommended for cost considerations.
o Afull size PJFF is recommended for Unit 1 in conjunction with PAC injection.
e PAC to be injected downstream of the new pre-filter ESP but upstream of new
full size PJFF for Unit 1

Pollutant: Hydrogen Chloride (HCI)

Feasible Control Options:
¢ No new control technology is required as the unit is currently meeting target
emission level of 0.002 Ib/MBtu HCI emissions with an existing Wet FGD and
similarly it is expected to meet the same target emission level of 0.002 Ib/MBtu
with new Wet FGD recommended.

Special Considerations:
e New WFGD proposed as control technology for SO reduction for future
requirements will also meet HCI target emission level.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek
Unit: 1

Pollutant: Dioxin/Furan

Feasible Control Options:
e PAC injection with new PJFF considered for mercury control can meet the
dioxin/furan compliance limit of 15 x 10 Ib/MBtu or lower on a continuous basis
and hence is the most feasible control technology.

Special Considerations:
¢ Dioxin and Furan removal will be a co-benefit with targeted mercury emissions
removal and additional PAC consumption beyond mercury removal will be
required.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek

Unit: 2

The following AQC control technologies comprise the recommended technologies to
control unit pollutant emissions to the targeted emission levels. As summarized on the
following pages, the recommended technologies are based on the known technology
limitations, future expanding capability, arrangement or site fatal flaws, constructability
challenges, unit off-line schedule requirements or site-specific considerations developed
or understood during the field work conducted during the week of May 10", as well as
information provided by E.ON. B&V will analyze costs for the one selected/approved
technology for each applicable pollutant.

AQC Technology Recommendation

E.ON Approval to
Pollutant AQC Equipment Cost

NOx New Selective Catalytic Reduction (SCR) is o Yes oNo
required to meet the new NOy compliance limit of
0.11 Ib/MBtu.

SO, New Wet Flue Gas Desulfurization (WFGD) is oYes oNo
required to meet the new SO, compliance limit of
0.25 Ib/MBtu.

PM New full size Pulse Jet Fabric Filter (PJFF) is aYes oNo

required to meet the new PM compliance limit of
0.03 Ib/MBtu. Plus, new cold-side dry ESP for pre
filtration for ash sales.

CO No feasible and proven technology is available. oYes oNo
Existing combustion controls cannot meet the new
CO compliance limit of 0.02 Ib/MBTU

(Please confirm CO emission level is 0.02 and not
0.20 Ib/MBtu)

Hg New Powdered Activated Carbon (PAC) Injection | Yes o No
required with new full size Pulse Jet Fabric Filter
PJFF) to meet the new Hg compliance limit of 1 x
10” Ib/MBtu.

HCI No new technology selected. Existing WFGD can |oYes oNo
meet the new HCI compliance limit of 0.002 Ib/MBtu.

Dioxin/Furan | New Powdered Activated Carbon (PAC) Injection | o Yes o No
required with new full size Pulse Jet Fabric Filter
(PJFF) to meet the new dioxin/furan compliance limit
of 15 x10°"® Ib/MBtu.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek
Unit: 2

Note: If E.ON does not approve a specific technology, an explanation can be included in
the following section--comments by E.ON on specific issues regarding control equipment
and a decision to approve a technology should be described in detail.

E.ON to return written approval and comments sections to B&V.

Special Considerations Summary:

e Erection of new pre-filter ESP/ and new PJFF and ID fans prior to demolition of
existing ESP required in meeting recommended phased approach to create real
estate for new SCR.

¢ SCRwill be installed in same physical location as existing ESP.

o Existing wet stack will be reused.

¢ Phased erection is required to minimize unit outage for tie-in to existing
components.
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Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek
Unit: 2

E.ON Comments:
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek
Unit: 2

Pollutant: NO,

Feasible Control Options:

Selective Non Catalytic Reduction (SNCR) / Selective Catalytic Reduction (SCR)
Hybrid
Selective Catalytic Reduction (SCR)

Special Considerations:

SNCR/SCR Hybrid systems may be able to achieve the new NOx compliance
limit of 0.11 Ib/MBtu but it will not provide a long term consistent solution for NOx
emissions less than 0.11 Ib/MBtu.

SCR can consistently achieve NOx emissions of 0.11 Ib/MBtu on a continuous
basis and has a capability to expand to meet the NOx emissions even lower than
0.11 Ib/MBtu. Hence SCR is the most feasible and expandable control
technology considered for NOx reduction including future requirements.

Likely require SO3; mitigation system.

New ID fan installation as needed.

Existing air heater will be retained

Existing ESP will be demolished.

New economizer bypass will be provided

Location: SCR would be required downstream of the existing economizer and
upstream of the existing air heater.

Pollutant: SO,

Feasible Control Options:

Semi-Dry Flue Gas Desulfurization (FGD)
Wet Flue Gas Desulfurization (\WFGD)

Special Considerations:

Semi-Dry FGD systems may be able to achieve the new SO, compliance limit of
0.25 Ib/MBtu but it will not provide a long term consistent solution for SO»
emissions less than 0.25 Ib/MBtu on high sulfur fuels. The O&M costs
economics could favor use of a wet FGD technology when scrubbing high sulfur
coals expected to be burned at Mill Creek units.

WFGD can consistently achieve SO, emissions of 0.25 Ib/MBtu on a continuous
basis and has a capability to expand to meet the SO, emissions even lower than
0.25 Ib/MBtu burning high sulfur content coals. Hence WFGD is the most feasible
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E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek

Unit: 2

and expandable control technology considered for SO, reduction including future
requirements.

New ID fans installation is needed.

Existing WFGD will be demolished in a phased approach.

Existing ID fans will be demolished

Location: WFGD would be required downstream of the new ID fans and
upstream of the existing stack. The existing wet stack liner and breaching
including the connecting ductwork will be reused as is.

Pollutant: Particulate (PM)

Feasible Control Options:
e Cold-Side Dry ESP
e Compact Hybrid Particulate Collector (COHPAC™).
e Pulse Jet Fabric Filter (PJFF).

Special Considerations:

e Both dry cold-side ESP and COHPAC combination may be able to achieve the
new PM compliance limit of 0.03 Ib/MBtu but it is not considered a long term
solution for PM emissions less than 0.03 Ib/MBtu. However a full size PJFF
offers more direct benefits or co-benefits of removing future multi-pollutants using
some form of injection upstream when compared to dry ESPs. Hence either
ESPs or COHPAC combination is not recommended.

¢ A full-size PJFF can consistently achieve PM emissions of less than 0.03 Ib/MBtu
on a continuous basis and has a capability to expand to meet the PM emissions
lower than 0.03 Ib/MBtu. Hence a full size PJFF is the most feasible and
expandable control technology considered for PM reduction including future
requirements.

¢ New ID fans installation is needed.

e Existing ESP will be demolished.

¢ A new cold-side dry ESP will be used as a pre-filter to remove 80-85% fly ash
that can be sold to the cement plant to lower the ash land filling liability. A new
down stream full size PJFF will be used for mercury, acid and some PM control.

e Location: A new PJFF for Unit 2 will be located downstream of the existing air
heater and upstream of the new ID fans. The PJFF will possibly be installed on
the top of the pre-filter ESP due to site real estate constraints.

o Existing ID fans will be demolished.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek
Unit: 2
Pollutant: CO

Feasible Control Options:
e No feasible and proven technoloqy is available for this type and size of unit
to meet the 0.02 Ib/MBtu emission limit.
¢ Note: Please confirm CO emission level is 0.02 and not 0.20 |b/MBtu.

Pollutant: Mercury (Hg)

Feasible Control Options:
¢ New Powdered Activated Carbon (PAC) Injection in conjunction new PJFF can
meet the new Hg compliance limit of 1 x 10 Ib/MBtu or lower on a continuous
basis and hence is the most feasible control technology.

Special Considerations:
¢ The existing cold-side dry ESP or new proposed cold-side dry ESP will not be
capable to removing 90% mercury with PAC injection and hence not
recommended for cost considerations.
o Afull size PJFF is recommended for Unit 2 in conjunction with PAC injection.
e PAC to be injected downstream of the new pre-filter ESP but upstream of new
full size PJFF for Unit 2

Pollutant: Hydrogen Chloride (HCI)

Feasible Control Options:
¢ No new control technology is required as the unit is currently meeting target
emission level of 0.002 Ib/MBtu HCI emissions with an existing Wet FGD and
similarly it is expected to meet the same target emission level of 0.002 Ib/MBtu
with new Wet FGD recommended.

Special Considerations:
e New WFGD proposed as control technology for SO reduction for future
requirements will also meet HCI target emission level.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek
Unit: 2

Pollutant: Dioxin/Furan

Feasible Control Options:
e PAC injection with new PJFF considered for mercury control can meet the
dioxin/furan compliance limit of 15 x 10 Ib/MBtu or lower on a continuous basis
and hence is the most feasible control technology.

Special Considerations:
¢ Dioxin and Furan removal will be a co-benefit with targeted mercury emissions
removal and additional PAC consumption beyond mercury removal will be
required.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek

Unit: 3

The following AQC control technologies comprise the recommended technologies to
control unit pollutant emissions to the targeted emission levels. As summarized on the
following pages, the recommended technologies are based on the known technology
limitations, future expanding capability, arrangement or site fatal flaws, constructability
challenges, unit off-line schedule requirements or site-specific considerations developed
or understood during the field work conducted during the week of May 10", as well as
information provided by E.ON. B&V will analyze costs for the one selected/approved
technology for each applicable pollutant.

AQC Technology Recommendation

E.ON Approval to

Pollutant AQC Equipment Cost’

NOx No new technology is required. Existing SCRcan |oYes oNo
meet the new NO, compliance limit of 0.11 Ib/MBtu

SOz New Wet Flue Gas Desulfurization (WFGD) is aYes oNo
required to meet the new SO, compliance limit of
0.25 Ib/MBtu.

PM New full size Pulse Jet Fabric Filter (PJFF) is oYes oNo
required to meet the new PM compliance limit of
0.03 Ib/MBtu.

CO No feasible and proven technoloqy is available. oYes oNo

Existing combustion controls cannot meet the new
CO compliance limit of 0.02 Ib/MBTU

(Please confirm CO emission level is 0.02 and not
0.20 Ib/MBtu)

Hg New Powdered Activated Carbon (PAC) Injection | oYes o No
required with new full size Pulse Jet Fabric Filter
PJFF) to meet the new Hg compliance limit of 1 x
10” Ib/MBtu.

HCI No new technology selected. Existing WFGD can |oYes oNo
meet the new HCI compliance limit of 0.002 Ib/MBtu.

Dioxin/Furan | New Powdered Activated Carbon (PAC) Injection |t Yes o No
required with new full size Pulse Jet Fabric Filter
(PJFF) to meet the new dioxin/furan compliance limit
of 15 x10°7"8 Ib/MBtu.

Note: If E.ON does not approve a specific technology, an explanation can be included in
the following section--comments by E.ON on specific issues regarding control equipment
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek
Unit: 3

and a decision to approve a technology should be described in detail.

E.ON to return written approval and comments sections to B&V.

Special Considerations Summary:
¢ New booster fans required following PJFF.

e New ductwork will bypass existing FGD equipment that will be demolished
following installation of new equipment.

e Existing stack can be reused with new FGD and PJFF elevated above existing
road and rails.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek
Unit: 3

E.ON Comments:
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek
Unit: 3

Pollutant: NO,

Feasible Control Options:

No new NOx control technology is required. The unit is currently equipped
with SCR that can meet the future target NOx emissions level of 0.11 Ib/MBtu.

Special Considerations:

Plant is currently planning injection technology to mitigate SOz from the SCR.

Pollutant: SO,

Feasible Control Options:

Semi-Dry Flue Gas Desulfurization (FGD)
Wet Flue Gas Desulfurization (WFGD)

Special Considerations:

Semi-Dry FGD systems may be able to achieve the new SO, compliance limit of
0.25 Ib/MBtu but it will not provide a long term consistent solution for SO,
emissions less than 0.25 Ib/MBtu on high sulfur fuels. The O&M costs
economics could favor use of a wet FGD technology when scrubbing high sulfur
coals expected to be burned at Mill Creek units.

WFGD can consistently achieve SO, emissions of 0.25 Ib/MBtu on a continuous
basis and has a capability to expand to meet the SO, emissions even lower than
0.25 Ib/MBtu burning high sulfur content coals. Hence WFGD is the most feasible
and expandable control technology considered for SO, reduction including future
requirements.

New booster and/or ID fan installation as needed.

Existing WFGD will be demolished.

Location: WFGD would be required downstream of the new booster fans and
upstream of the existing stack.

New wet FGD absorber and reaction tank to be installed over the existing main
access way on elevated steel supports and hence heavy duty steel support and
foundations are expected. Existing railroad tracks as well as pipe racks are kept
intact by elevating the new PJFF and the WFGD absorber.

Pollutant: Particulate (PM)

Feasible Control Options:

Cold-Side Dry ESP
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek

Unit: 3
e Compact Hybrid Particulate Collector (COHPAC™).
e Pulse Jet Fabric Filter (PJFF).

Special Considerations:

e Both dry cold-side ESP and COHPAC combination may be able to achieve the
new PM compliance limit of 0.03 Ib/MBtu but it is not considered a long term
solution for PM emissions less than 0.03 Ib/MBtu. However a full size PJFF
offers more direct benefits or co-benefits of removing future multi-pollutants using
some form of injection upstream when compared to dry ESPs. Hence either
ESPs or COHPAC combination is not recommended.

o A full-size PJFF can consistently achieve PM emissions of less than 0.03 Ib/MBtu
on a continuous basis and has a capability to expand to meet the PM emissions
lower than 0.03 Ib/MBtu. Hence a full size PJFF is the most feasible and
expandable control technology considered for PM reduction including future
requirements.

¢ New booster and/or ID fan installation is needed.

e Existing ESP to be kept for additional PM filtration and lime injection for SO3
mitigation to be located upstream of existing ESP.

e Location: A new PJFF for Unit 3 will be located over the main access way
downstream of the existing ID fans and upstream of the new booster fans.

o Real Estate Constraints — No space is available at grade level to install the new
PJFF because the existing access way is critical to plant operation. Therefore
the new PJFF will need to be constructed at an elevation above grade level, with
new Booster fans.

Pollutant: CO

Feasible Control Options:
o No feasible and proven technoloqy is available for this type and size of unit
to meet the 0.02 Ib/MBtu emission limit.
e Note: Please confirm CO emission level is 0.02 and not 0.20 Ib/MBtu.

Pollutant: Mercury (Hg)

Feasible Control Options:
¢ New Powdered Activated Carbon (PAC) Injection in conjunction new PJFF
can meet the new Hg compliance limit of 1 x 10° Ib/MBtu or lower on a
continuous basis and hence is the most feasible control technology.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek
Unit: 3

Special Considerations:
¢ The existing cold-side dry ESP will not be capable to removing 90% mercury with
PAC injection and hence not recommended for cost considerations.
¢ A new full size PJFF in conjunction with PAC injection is recommended for Unit
3.
e PAC to be injected downstream of the existing ID fans but upstream of new full
size PJFF for Unit 3

Pollutant: Hydrogen Chloride (HCI)

Feasible Control Options:
¢ No new control technology is required as the unit is currently meeting target
emission level of 0.002 Ib/MBtu HCI emissions with an existing Wet FGD and
expected to meet the same target emission level of 0.002 Ib/MBtu with new Wet
FGD.

Special Considerations:
e New WFGD proposed as control technology for SO reduction for future
requirements will also meet HCI target emission level.

Pollutant: Dioxin/Furan

Feasible Control Options:
¢ PAC injection with new PJFF considered for mercury control can meet the
dioxin/furan compliance limit of 15 x 10™'® Ib/MBtu or lower on a continuous basis
and hence is the most feasible control technology.

Special Considerations:
e Dioxin and Furan removal will be a co-benefit with targeted mercury emissions
removal and additional PAC consumption beyond mercury removal will be
required.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek

Unit: 4

The following AQC control technologies comprise the recommended technologies to
control unit pollutant emissions to the targeted emission levels. As summarized on the
following pages, the recommended technologies are based on the known technology
limitations, future expanding capability, arrangement or site fatal flaws, constructability
challenges, unit off-line schedule requirements or site-specific considerations developed
or understood during the field work conducted during the week of May 10", as well as
information provided by E.ON. B&V will analyze costs for the one selected/approved
technology for each applicable pollutant.

AQC Technology Recommendation

E.ON Approval to

Pollutant AQC Equipment Cost’

NOx No new technology is required. Existing SCRcan |oYes oNo
meet the new NO, compliance limit of 0.11 Ib/MBtu

SOz New Wet Flue Gas Desulfurization (WFGD) is aYes oNo
required to meet the new SO, compliance limit of
0.25 Ib/MBtu.

PM New full size Pulse Jet Fabric Filter (PJFF) is oYes oNo
required to meet the new PM compliance limit of
0.03 Ib/MBtu.

CO No feasible and proven technoloqy is available. oYes oNo

Existing combustion controls cannot meet the new
CO compliance limit of 0.02 Ib/MBTU

(Please confirm CO emission level is 0.02 and not
0.20 Ib/MBtu)

Hg New Powdered Activated Carbon (PAC) Injection | oYes o No
required with new full size Pulse Jet Fabric Filter
PJFF) to meet the new Hg compliance limit of 1 x
10” Ib/MBtu.

HCI No new technology selected. Existing WFGD can |oYes oNo
meet the new HCI compliance limit of 0.002 Ib/MBtu.

Dioxin/Furan | New Powdered Activated Carbon (PAC) Injection |t Yes o No
required with new full size Pulse Jet Fabric Filter
(PJFF) to meet the new dioxin/furan compliance limit
of 15 x10°7"8 Ib/MBtu.

Note: If E.ON does not approve a specific technology, an explanation can be included in
the following section--comments by E.ON on specific issues regarding control equipment
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek
Unit: 4

and a decision to approve a technology should be described in detail.

E.ON to return written approval and comments sections to B&V.

Special Considerations Summary:
¢ New booster fans required following PJFF.

e New ductwork will bypass existing FGD equipment that will be demolished
following installation of new equipment.

e Existing stack can be reused with new FGD and PJFF elevated above existing
road and rails.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek
Unit: 4

E.ON Comments:
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek
Unit: 4

Pollutant: NO,

Feasible Control Options:

No new NOx control technology is required. The unit is currently equipped
with SCR that can meet the future target NOx emissions level of 0.11 Ib/MBtu.

Special Considerations:

Plant is currently planning injection technology to mitigate SOz from the SCR.

Pollutant: SO,

Feasible Control Options:

Semi-Dry Flue Gas Desulfurization (FGD)
Wet Flue Gas Desulfurization (WFGD)

Special Considerations:

Semi-Dry FGD systems may be able to achieve the new SO, compliance limit of
0.25 Ib/MBtu but it will not provide a long term consistent solution for SO,
emissions less than 0.25 Ib/MBtu on high sulfur fuels. The O&M costs
economics could favor use of a wet FGD technology when scrubbing high sulfur
coals expected to be burned at Mill Creek units.

WFGD can consistently achieve SO, emissions of 0.25 Ib/MBtu on a continuous
basis and has a capability to expand to meet the SO, emissions even lower than
0.25 Ib/MBtu burning high sulfur content coals. Hence WFGD is the most feasible
and expandable control technology considered for SO, reduction including future
requirements.

New booster and/or ID fan installation as needed.

Existing WFGD will be demolished.

Location: WFGD would be required downstream of the new booster fans and
upstream of the existing stack.

New wet FGD absorber and reaction tank to be installed over the existing main
access way on elevated steel supports and hence heavy duty steel support and
foundations are expected. Existing railroad tracks as well as pipe racks are kept
intact by elevating the new PJFF and the WFGD absorber.

Pollutant: Particulate (PM)

Feasible Control Options:

Cold-Side Dry ESP
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek

Unit: 4
e Compact Hybrid Particulate Collector (COHPAC™).
e Pulse Jet Fabric Filter (PJFF).

Special Considerations:

e Both dry cold-side ESP and COHPAC combination may be able to achieve the
new PM compliance limit of 0.03 Ib/MBtu but it is not considered a long term
solution for PM emissions less than 0.03 Ib/MBtu. However a full size PJFF
offers more direct benefits or co-benefits of removing future multi-pollutants using
some form of injection upstream when compared to dry ESPs. Hence either
ESPs or COHPAC combination is not recommended.

o A full-size PJFF can consistently achieve PM emissions of less than 0.03 Ib/MBtu
on a continuous basis and has a capability to expand to meet the PM emissions
lower than 0.03 Ib/MBtu. Hence a full size PJFF is the most feasible and
expandable control technology considered for PM reduction including future
requirements.

¢ New booster and/or ID fan installation is needed.

o Existing ESP to be kept for additional PM filtration and lime injection for SO3
mitigation to be located upstream of existing ESP.

e Location: A new PJFF for Unit 4 will be located over the main access way
downstream of the existing ID fans and upstream of the new booster fans.

o Real Estate Constraints — No space is available at grade level to install the new
PJFF because the existing access way is critical to plant operation. Therefore
the new PJFF will need to be constructed at an elevation above grade level, with
new Booster fans.

Pollutant: CO

Feasible Control Options:
o No feasible and proven technoloqy is available for this type and size of unit
to meet the 0.02 Ib/MBtu emission limit.
e Note: Please confirm CO emission level is 0.02 and not 0.20 Ib/MBtu.

Pollutant: Mercury (Hg)

Feasible Control Options:
¢ New Powdered Activated Carbon (PAC) Injection in conjunction new PJFF can
meet the new Hg compliance limit of 1 x 10 Ib/MBtu or lower on a continuous
basis and hence is the most feasible control technology.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Mill Creek
Unit: 4

Special Considerations:
¢ The existing cold-side dry ESP will not be capable to removing 90% mercury with
PAC injection and hence not recommended for cost considerations.
¢ A new full size PJFF in conjunction with PAC injection is recommended for Unit
4.
e PAC to be injected downstream of the existing ID fans but upstream of new full
size PJFF for Unit 4

Pollutant: Hydrogen Chloride (HCI)

Feasible Control Options:
¢ No new control technology is required as the unit is currently meeting target
emission level of 0.002 Ib/MBtu HCI emissions with an existing Wet FGD and
expected to meet the same target emission level of 0.002 Ib/MBtu with new Wet
FGD.

Special Considerations:
e New WFGD proposed as control technology for SO reduction for future
requirements will also meet HCI target emission level.

Pollutant: Dioxin/Furan

Feasible Control Options:
¢ PAC injection with new PJFF considered for mercury control can meet the
dioxin/furan compliance limit of 15 x 10™'® Ib/MBtu or lower on a continuous basis
and hence is the most feasible control technology.

Special Considerations:
e Dioxin and Furan removal will be a co-benefit with targeted mercury emissions
removal and additional PAC consumption beyond mercury removal will be
required.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Trimble County
Unit: 1

The following AQC control technologies comprise the recommended technologies to
control unit pollutant emissions to the targeted emission levels. As summarized on the
following pages, the recommended technologies are based on the known technology
limitations, future expanding capability, arrangement or site fatal flaws, constructability
challenges, unit off-line schedule requirements or site-specific considerations developed
or understood during the field work conducted during the week of May 10", as well as
information provided by E.ON. B&V will analyze costs for one selected/approved
technology for each applicable pollutant.

AQC Technology Recommendation

E.ON Approval to

Pollutant AQC Equipment Cost’

NOx No new technology is required. Existing SCRcan |oYes oNo
meet the new NOx compliance limit of 0.11 Ib/MBtu

SO, No new technology is required. Existing WFGD oYes oNo
can meet the new SO, compliance limit of 0.25
Ib/MBtu

PM No new technologqy is required for PM as current oYes oNo
ESP is capable of meeting 0.03 Ib/MBTU emissions.

CO No feasible and proven technoloqy is available. oYes oNo

Existing combustion controls cannot meet the new
CO compliance limit of 0.02 Ib/MBTU
(Please confirm CO emission level is 0.02 and not

0.20 Ib/MBtu)

Hg New Powdered Activated Carbon (PAC) Injection | o Yes oNo
required with new full size PJFF.

HCI No new technology selected. Existing WFGD can |oYes oNo

meet the new HCI compliance limit of 0.002 Ib/MBtu

Dioxin/Furan | New Powdered Activated Carbon (PAC) Injection | o Yes o No
and new Pulse Jet Fabric Filter (PJFF) required to
meet the compliance requirements.

Note: If E.ON does not approve a specific technology, an explanation can be included in
the following section--comments by E.ON on specific issues regarding control equipment
and a decision to approve a technology should be described in detail.

E.ON to return written approval and comments sections to B&V.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Trimble County
Unit: 1

E.ON Comments:

Under the “Special Considerations” section for Hg, B&V discusses
the use of adding a booster fan or upgrading the ID fan. The plant
would prefer to upgrade the existing ID Fan motors which will need to
be replaced or rewound. Modifications will need to be made to the ID
Fans which may include replacement of the fans.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Trimble County
Unit: 1

Pollutant: NO,

Feasible Control Options:
e No new NO, control technology is required. The unit is currently equipped
with state of the art SCR that can meet future target NOx emissions level of 0.11
Ib/MBtu.

Pollutant: SO,

Feasible Control Options:
¢ No new SO, control technology is required. The unit is currently equipped
with wet FGD technology that can meet future target SO2 emissions level of 0.25
lb/MBtu.

Pollutant: Particulate (PM)

Feasible Control Options:
¢ No new PM control technology is required to meet the 0.03 Ib/MBTU
emissions limit.

Special Considerations:
e A new PJFF will be required to meet mercury control using PAC. The existing
ESP alone will not be capable of meeting the mercury compliance emissions
using PAC.

Pollutant: CO

Feasible Control Options:
e No feasible and proven technoloqy is available for this type and size of unit
to meet the 0.02 Ib/MBtu emission limit.

o Note: Please confirm CQO emission level is 0.02 and not 0.20 Ib/MBtu.

Pollutant: Mercury (Hg)

Feasible Control Options:
¢ New Powdered Activated Carbon (PAC) Injection in conjunction new PJFF
can meet the new Hg compliance limit of 1 x 10° Ib/MBtu or lower on a
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Trimble County
Unit: 1

continuous basis and hence is the most feasible control technology. The existing
cold-side dry ESP will not be capable to removing 90% mercury with PAC
injection and hence not recommended for cost considerations.

Special Considerations:

e Full size PJFF.

e PAC to be injected downstream of the existing ESP but upstream of new PJFF.

e Location: A PJFF would be required downstream of the PAC injection system.

o Real Estate Constraints — No space is available at grade level to install the new
PJFF. Therefore the new PJFF will need to be constructed at an elevation above
grade level, probably above the existing ESP with Booster fan or ID fan
upgrades.

e Construction Issues — Electrical manhole and electrical duct banks running
underground between the existing ID fans and scrubber inlet duct will need to be
avoided or relocated to make real estate available.

o Array of |-beam structures (currently supporting no equipment) located
between the existing ID fans and scrubber inlet needs to be demolished.

o New PJFF will be installed at a higher elevation needing heavy support
columns that need to be landing outside the existing ESP foundations.

Pollutant: Hydrogen Chloride (HCI)

Feasible Control Options:

¢ No new control technology is required as the unit is currently meeting target
emission level of 0.002 Ib/MBtu HCL emissions with an existing Wet FGD.

Pollutant: Dioxin/Furan

Feasible Control Options:
e The new PAC injection with new PJFF considered for mercury control can
meet the dioxin/furan compliance limit of 15 x 107" Ib/MBtu or lower on a
continuous basis and hence is the most feasible control technology.
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E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Trimble County
Unit: 1

Special Considerations:
e Dioxin and Furan removal will be a co-benefit with targeted mercury emissions
removal and additional PAC consumption beyond mercury removal will be
required.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide

Air Quality Control Technology Assessment

Technology Options

Plant: Green River

Unit: 3

The following AQC control technologies comprise the recommended technologies to
control unit pollutant emissions to the targeted emission levels. As summarized on the
following pages, the recommended technologies are based on the known technology
limitations, future expanding capability, arrangement or site fatal flaws, constructability
challenges, unit off-line schedule requirements or site-specific considerations developed
or understood during the field work conducted during the week of May 10", as well as
information provided by E.ON. B&V will analyze costs for the one selected/approved
technology for each applicable pollutant.

AQC Technology Recommendation

E.ON Approval to

Pollutant AQC Equipment Cost’

NOx New Selective Catalytic Reduction (SCR) is oYes oNo
required to meet the new NOx compliance limit of
0.11 Ib/MBtu.

SO, New Circulating Dry Scrubber (CDS) oYes oNo
Desulfurization is required to meet the new SO;
compliance limit of 0.25 Ib/MBtu.

PM New full size Pulse Jet Fabric Filter (PJFF) which | o Yes oNo
is part of the CDS technology for SO, removal is
required to meet the new PM compliance limit of
0.03 Ib/MBtu.

CO No feasible and proven technology is available. oYes oNo
Existing combustion controls cannot meet the new
CO compliance limit of 0.02 Ib/MBTU
(Please confirm CO emission level is 0.02 and not
0.20 Ib/MBtu)

Hg New Powdered Activated Carbon (PAC) Injection | o Yes o No
required with new CDS and Pulse Jet Fabric Filter
PJFF) to meet the new Hg compliance limit of 1 x
107 Ib/MBtu.

HCI New CDS technology can meet the new HC/ oYes o No
compliance limit of 0.002 |b/MBtu.

Dioxin/Furan | New Powdered Activated Carbon (PAC) Injection | o Yes oNo

required with new CDS and Pulise Jet Fabric Filter
(PJFF) to meet the new dioxin/furan compliance limit
of 15x10°"® Ib/MBtu.

Note: If E.ON does not approve a specific technology, an explanation can be included in
the following section--comments by E.ON on specific issues regarding control equipment
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Green River
Unit: 3

and a decision to approve a technology should be described in detail.

E.ON to return written approval and comments sections to B&V.

Special Considerations Summary:
¢ New ID Fans, Air Heater and dry carbon steel Stack required for Unit 3.
e Underground aux electric duct banks need to be avoided during foundations for

future AQC equipment.
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E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Green River
Unit: 3

E.ON Comments:
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Green River
Unit: 3

Pollutant: NO,

Feasible Control Options:

Selective Non Catalytic Reduction (SNCR) / Selective Catalytic Reduction (SCR)
Hybrid
Selective Catalytic Reduction (SCR)

Special Considerations:

SNCR/SCR Hybrid systems may be able to achieve the new NO, compliance
limit of 0.11 Ib/MBtu but it will not provide a long term consistent solution for NOy
emissions less than 0.11 Ib/MBtu.

SCR can consistently achieve NOx emissions of 0.11 Ib/MBtu on a continuous
basis and has a capability to expand to meet the NOy emissions even lower than
0.11 Ib/MBtu. Hence SCR is the most feasible and expandable control
technology considered for NOx reduction including future requirements.

Likely require SO3; mitigate system.

New ID fan installation is needed.

Existing air heater will be demolished and used as SCR ductwork.

New air heater.

New economizer bypass will be built

Location: SCR would be required downstream of the existing economizer and
upstream of the new air heater. New air heater to be located straight under the
new SCR.

Pollutant: SO,

Feasible Control Options:

Wet Flue Gas Desulfurization (WWFGD)
Semi-Dry Flue Gas Desulfurization (FGD)
Circulating Dry Scrubber (CDS)

Special Considerations:

Both WFGD and Semi-Dry FGD systems will be able to achieve the new SO»
compliance limit of 0.25 Ib/MBtu on a continuous basis on high sulfur fuels.
However for small size boilers like Unit 3, it would be economically feasible to
build a semi-dry FGD or CDS system than Wet FGD system. The CDS system
will offer more operational flexibility compared to the two other technologies when
load flexibility is an issue. The CDS technology will incorporate an internal flue
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Green River
Unit: 3
gas recycle to maintain the lime bed during low load operations. Hence CDS is
the most feasible control technology considered for SO, reduction based on the
size of the unit.
e New ID fan installation is needed.
¢ Existing ID fans will be demolished
e Location: CDS would be required downstream of the new air heater and
upstream of the new ID fans.

Pollutant: Particulate (PM)

Feasible Control Options:
e (Cold Side Dry ESP
e COHPAC™.
e Pulse Jet Fabric Filter (PJFF).

Special Considerations:

e Both dry cold-side ESP and COHPAC combination may be able to achieve the
new PM compliance limit of 0.03 Ib/MBtu but it is not considered a long term
solution for PM emissions less than 0.03 Ib/MBtu. However a full size PJFF
offers more direct benefits or co-benefits of removing future multi-pollutants using
some form of injection upstream when compared to dry ESPs. Hence either
ESPs or COHPAC combination is not recommended.

e Afull-size PJFF can consistently achieve PM emissions of less than 0.03 Ib/MBtu
on a continuous basis and has a capability to expand to meet the PM emissions
lower than 0.03 Ib/MBtu. Hence a full size PJFF is the most feasible and
expandable control technology considered for PM reduction including future
requirements.

¢ New ID fan installation is needed.

e Existing ESP will be retired in place. This will not be demolished. Exhaust gas
stream will bypass the existing ESP.

e Location: A new PJFF for Unit 3 will be located downstream of the new CDS and
upstream of the new ID fans.

e Existing ID fans will be demolished.

e New Air Heater will be installed straight under the new SCR.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Green River
Unit: 3

Pollutant: CO

Feasible Control Options:
o No feasible and proven technoloqy is available for this type and size of unit
to meet the 0.02 Ib/MBtu emission limit,
¢ Note: Please confirm CO emission level is 0.02 and not 0.20 Ib/MBtu.

Pollutant: Mercury (Hg)

Feasible Control Options:
¢ New Powdered Activated Carbon (PAC) Injection in conjunction new PJFF can
meet the new Hg compliance limit of 1 x 10 Ib/MBtu or lower on a continuous
basis and hence is the most feasible control technology.

Special Considerations:
¢ The existing cold-side dry ESP will not be capable of removing 90% mercury with
PAC injection and hence not recommended for cost considerations.
e A new full size PJFF for Unit 3 is recommended in conjunction with PAC
injection.
e PAC to be injected downstream of the new air heater but upstream of CDS FGD
system for Unit 3

Pollutant: Hydrogen Chloride (HCI)

Feasible Control Options:
¢ Wet Flue Gas Desulfurization (WFGD)
e Semi-Dry Flue Gas Desulfurization (FGD)
e (Circulating Dry Scrubber (CDS)

Special Considerations:

e WFGD, Semi-Dry FGD, and CDS systems will be able to achieve the new HCI
compliance limit of 0.002 Ib/MBtu on a continuous basis.

e However, since a new CDS system will be installed for SO, contral, it will also
control HCI. Therefore, no new HCI control technology is required beyond the
proposed CDS. The new CDS technology with PJFF will remove the HCI to the
compliance levels of 0.002 Ib/MBtu.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Green River
Unit: 3
Pollutant: Dioxin/Furan

Feasible Control Options:
e PAC injection with new CDS and PJFF considered for mercury control can meet
the dioxin/furan compliance limit of 15 x 10°'® Ib/MBtu or lower on a continuous
basis and hence is the most feasible control technology.

Special Considerations:
e Dioxin and Furan removal will be a co-benefit with targeted mercury emissions

removal and additional PAC consumption beyond mercury removal will be
required.
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E.ON US
Coal-Fired Fleet Wide

Air Quality Control Technology Assessment

Technology Options

Plant: Green River

Unit: 4

The following AQC control technologies comprise the recommended technologies to
control unit pollutant emissions to the targeted emission levels. As summarized on the
following pages, the recommended technologies are based on the known technology
limitations, future expanding capability, arrangement or site fatal flaws, constructability
challenges, unit off-line schedule requirements or site-specific considerations developed
or understood during the field work conducted during the week of May 10", as well as
information provided by E.ON. B&V will analyze costs for the one selected/approved
technology for each applicable pollutant.

AQC Technology Recommendation

E.ON Approval to

Pollutant AQC Equipment Cost’

NOx New Selective Catalytic Reduction (SCR) is oYes oNo
required to meet the new NOx compliance limit of
0.11 Ib/MBtu.

SO, New Circulating Dry Scrubber (CDS) oYes oNo
Desulfurization is required to meet the new SO;
compliance limit of 0.25 Ib/MBtu.

PM New full size Pulse Jet Fabric Filter (PJFF) which | o Yes oNo
is part of the CDS technology for SO, removal is
required to meet the new PM compliance limit of
0.03 Ib/MBtu.

CO No feasible and proven technology is available. oYes oNo
Existing combustion controls cannot meet the new
CO compliance limit of 0.02 Ib/MBTU
(Please confirm CO emission level is 0.02 and not
0.20 Ib/MBtu)

Hg New Powdered Activated Carbon (PAC) Injection | o Yes o No
required with new CDS and Pulse Jet Fabric Filter
PJFF) to meet the new Hg compliance limit of 1 x
107 Ib/MBtu.

HCI New CDS technology can meet the new HC/ oYes o No
compliance limit of 0.002 |b/MBtu.

Dioxin/Furan | New Powdered Activated Carbon (PAC) Injection | o Yes oNo

required with new CDS and Pulise Jet Fabric Filter
(PJFF) to meet the new dioxin/furan compliance limit
of 15x10°"® Ib/MBtu.

Note: If E.ON does not approve a specific technology, an explanation can be included in
the following section--comments by E.ON on specific issues regarding control equipment
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Green River
Unit: 4

and a decision to approve a technology should be described in detail.

E.ON to return written approval and comments sections to B&V.

Special Considerations Summary:
¢ New ID Fans and dry carbon steel Stack required for Unit 4. Booster fans
options to be evaluated.
¢ Relocate existing power lines and tower.
¢ Will require demolition of abandoned Unit 1 and Unit 2 ID fans, scrubber and
stack to make room for Unit 4 new AQC equipment.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Green River
Unit: 4

E.ON Comments:

Under Special Considerations Summary, the Unit 1 and Unit 2 ID fan
statement is incorrect. There is only one fan and it is a booster fan
that was originally used for the scrubber.

For the entire station, there is no extra Aux Power. Any estimate has

to include and upgrade 1o that system as the current system cannot
handle any additional power reguirements.

For the SCR considerations for Units 3 and 4, the estimate should
include new, enamel air heater baskets as discussed during the site
VisSits.

The estimate should include ductwork replacement as the current
ductwork is in poor condition.

In the Green River Unit 4 template, on page 4 of 7, it should read
“Unit 4” instead of “Unit 3” under the Special Consideration’s section.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Green River
Unit: 4

Pollutant: NO,

Feasible Control Options:

Selective Non Catalytic Reduction (SNCR) / Selective Catalytic Reduction (SCR)
Hybrid
Selective Catalytic Reduction (SCR)

Special Considerations:

SNCR/SCR Hybrid systems may be able to achieve the new NOx compliance
limit of 0.11 Ib/MBtu but it will not provide a long term consistent solution for NOx
emissions less than 0.11 Ib/MBtu.

SCR can consistently achieve NOx emissions of 0.11 Ib/MBtu on a continuous
basis and has a capability to expand to meet the NOx emissions even lower than
0.11 Ib/MBtu. Hence SCR is the most feasible and expandable control
technology considered for NOx reduction including future requirements.

Likely require SO3; mitigate system.

New ID fan installation is needed if booster fans do not make sense.

Existing air heater will be used

New economizer bypass will be built

Location: SCR would be required downstream of the existing hot-side ESP and
upstream of the existing air heater.

Pollutant: SO,

Feasible Control Options:

Wet Flue Gas Desulfurization (WFGD)
Semi-Dry Flue Gas Desulfurization (FGD)
Circulating Dry Scrubber (CDS)

Special Considerations:

Both WFGD and Semi-Dry FGD systems will be able to achieve the new SO,
compliance limit of 0.25 Ib/MBtu on a continuous basis on high sulfur fuels.
However for small size boilers like Unit 3, it would be economically feasible to
build a semi-dry FGD or CDS system than Wet FGD system. The CDS system
will offer more operational flexibility compared to the two other technologies when
load flexibility is an issue. The CDS technology will incorporate an internal flue
gas recycle to maintain the lime bed during low load operations. Hence CDS is
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Green River

Unit: 4
the most feasible control technology considered for SO, reduction based on the
size of the unit.

¢ New ID fan installation is needed if booster fans do not make sense.

o Existing ID fans will be retired in place if new ID fans are used in lieu of booster
fans.

e Location: CDS would be required downstream of the existing air heater and
upstream of the new ID fans. Existing ID fans located at higher elevation will
either be retired in place if new ID fans are selected or reused when new booster
fans are added CDS with new dry carbon steel stack.

Pollutant: Particulate (PM)

Feasible Control Options:
e (Cold Side Dry ESP
e COHPAC™.
e Pulse Jet Fabric Filter (PJFF).

Special Considerations:

e Both dry cold-side ESP and COHPAC combination may be able to achieve the
new PM compliance limit of 0.03 Ib/MBtu but it is not considered a long term
solution for PM emissions less than 0.03 Ib/MBtu. However a full size PJFF
offers more direct benefits or co-benefits of removing future multi-pollutants using
some form of injection upstream when compared to dry ESPs. Hence either
ESPs or COHPAC combination is not recommended.

o A full-size PJFF can consistently achieve PM emissions of less than 0.03 Ib/MBtu
on a continuous basis and has a capability to expand to meet the PM emissions
lower than 0.03 Ib/MBtu. Hence a full size PJFF is the most feasible and
expandable control technology considered for PM reduction including future
requirements.

¢ New ID fan installation is needed if booster fans do not make sense.

e Existing hot side ESP to be kept to minimize the arrangement challenges for new
SCR. The existing ESP will remain functional (energized) and used for additional
PM filtration.

e Location: A new PJFF for Unit 4 will be located downstream of the new CDS and
upstream of the new ID fans.

o Existing ID fans will be retired in place if new ID fans are used in lieu of booster
fans.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Green River
Unit: 4

Pollutant: CO

Feasible Control Options:
o No feasible and proven technoloqy is available for this type and size of unit
to meet the 0.02 Ib/MBtu emission limit.
¢ Note: Please confirm CO emission level is 0.02 and not 0.20 Ib/MBtu.

Pollutant: Mercury (Hg)

Feasible Control Options:
¢ New Powdered Activated Carbon (PAC) Injection in conjunction new PJFF can
meet the new Hg compliance limit of 1 x 10 Ib/MBtu or lower on a continuous
basis and hence is the most feasible control technology.

Special Considerations:
¢ The existing hot-side dry ESP will not be capable of removing 90% mercury with
PAC injection and hence not recommended for cost considerations.
e Full size PJFF for Unit 4.
e PAC to be injected downstream of the existing air heater but upstream of CDS
FGD system for Unit 4

Pollutant: Hydrogen Chloride (HCI)

Feasible Control Options:
o Wet Flue Gas Desulfurization (WFGD)
¢ Semi-Dry Flue Gas Desulfurization (FGD)
e Circulating Dry Scrubber (CDS)

Special Considerations:

e WFGD, Semi-Dry FGD, and CDS systems will be able to achieve the new HCI
compliance limit of 0.002 Ib/MBtu on a continuous basis.

e However, since a new CDS system will be installed for SO, control, it will also
control HCI. Therefore, no new HCI control technology is required beyond the
proposed CDS. The new CDS technology with PJFF will remove the HCI to the
compliance levels of 0.002 Ib/MBtu.
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Supplemental Response to KU AG 1-2, 1-5 and LGE AG 1-2, 1-6

E.ON US
Coal-Fired Fleet Wide
Air Quality Control Technology Assessment
Technology Options

Plant: Green River
Unit: 4
Pollutant: Dioxin/Furan

Feasible Control Options:
e PAC injection with new CDS and PJFF considered for mercury control can meet
the dioxin/furan compliance limit of 15 x 10°'® Ib/MBtu or lower on a continuous
basis and hence is the most feasible control technology.

Special Considerations:
e Dioxin and Furan removal will be a co-benefit with targeted mercury emissions
removal and additional PAC consumption beyond mercury removal will be
required.
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E.ON US - Air Quality Control
Technology Assessment Appendix F

Appendix F
Process Flow Diagrams

167987 — June 2010 F-1
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Cane Run
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Mill Creek
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Trimble County
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Green River
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ACAD 16.18 (LMS Tech)
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E.W. Brown Units 1 & 2
Constructability Challenges
SCR Constructability Challenges
& Real estate constramts for Unit 1 & Unit 2 SCR
e The new SCR duct tie-ins to the existing Unit 1 Air Heater inlet duct will require
extensive relocation of existing plant components:
1. Rotate Secondary Air Heater Duct
2. Modify boiler building structural steel bracing and girts to accommodate
ductwork
3. Relocate 440V Switchgear 1A and 1B
® The new SCR duct tie-ins to the existing Unit 2 Air Heater mlet duct will require A
boiler building structural steel bracing and girts to be modified to accommodate
ductwork
e The new Unit 2 SCR support structure and reactor box will require extensive
relocation/demolition of existing plant components:
1. Relocate or protect field fabricated tank located in base of abandoned
Unit 2 chimney shell
2. Demolish Unit 2 chimney
- R et , A 3. Demolish the dust collection ductwork located along the northeast exterior
. b i - roos e ; "‘*-.‘m‘ wall of Unit 2 boiler building
..... hRl R RIS 39 i - T 4. Relocate Unit 2 Auxiliary Transformer located outside of the northeast
f“:,—ii’*ﬁm-m-f:"‘}' S 2 exterior wall of Unit 2 boiler building
. y oo i - - o The existing coal conveyor and ductwork block crane access to the northeast side
. R of Unit 2 boiler house. This will require Unit 2 SCR structure to be constructed
. using a large tonnage crane with extended reach capabilities, or by extending the
P structural support frame system to the east and using a pick and slide execution B
st method to erect the SCR and fabric filter modules 8
©
I PJFF Constructability Challenges
M e Real estate constraints for Unit 2 PIFF
D e Elevated PJFF for Unit 2
. ® Extensive underground investigation will be required to identify operating utilities
ol prior to installing new foundations for Unit 2 fabric filter structural steel support
. " frame.
. o ,‘.\;:_ o ‘T'he existing coal conveyor and ductwork block crane access to the northeast side
. :-;:‘j - e of Unit 2 boiler house. This will require Unit Fabric Filter structure to be
I .f- constructed using a large tonnage crane with extended reach capabilities, or by
: H . extending the structural support frame system to the east and using a pick and
Dot slide execution method to erect the SCR and fabric filter modules
N {:“? s Heavy foundations required on the outer ends of Unit 2 ESP’s for construction of
P Unit 2 PIFF,
1 ot e Difficult to stage construction equipment for ductwork support frame &
A associated foundations near ID fans of Unit | & Unit2 €
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THE DISTRIBUTION AND USE OF THE NATIVE FORMAT CAD
FILE OF THIS DRAWING IS UNCONTROLLED. THE USER
SHALL VERIFY TRACEABILITY OF THIS DRAWING TO THE
LATEST CONTROLLED VERSION.
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ACAD 16B.1s
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2 3 4 5 6 7 8 9 10
E.W. Brown Unit 3
Constructability Challenges
e Relocate ductwork and associated support steel for tic-in.
e Relocate underground utilitics
AQC Technology and Equipment
e Pulse Jet Fabric Filter
A
. B
c
D
E
F
G
THE DISTRIBUTION AND USE OF THE NATVE FORMAT CAD
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1

ACAD 16.18 (LMS Tech)

1

Constructability Challenges

e Real estate constraints

e Elevated New Pulse Jet Fabric Filter

e Crane access is difficult at Unit 1 due to low overhead pipe rack on the roadways
around the cooling towers. Some piping bridges on the northeast side of the
cooling tower and access roads to Unit 1 will need to be temporarily taken down
or permancntly relocated. Lattice boom crawler crane booms will need to be final
assembled at the working location.

®  Access lanes around Unit 1 are also the maintenance lanes for the cooling lowers,
Cranes and construction equipment will block access on these roads at various
periods during project execution. Careful crane placement will be required in
order to provide operations access to the cooling tower area.

AQC Technology and Equipment
o Pulse Jet Fabric Filter
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Ghent Unit 2 Pulse Jet Fabric Filter
Constructability Challenges
L ® Real estate constraints
e et T o . e ) e Elevated Pulse Jet Fabric Filter
T e T § e ) e Crane access is difficult at Unit 2 due to low overhead pipe rack on the roadways
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