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ATTACHMENTA-1 Emissions Summary




PSE FREDONIA
FGS EXPANSION PROJECT

EMISSIONS SUMMARY

Total Emissions from: normal operations, starts/shutdowns, and dual fuel, all maximized by pollutant.

EMISSIONS INCREASES DUE TO MODIFICATION

TURBINE EMISSIONS

Turbine Option

GE 7FA.05 [NGENFAIOZIN Siemens SGT6  GE LMS100
# of Units 1 1 1 2
Operating time (excl. SU/SLC hrs/yr/unit 2280 2280 2280 2880
Operating time (total) hrs/yr/unit 2409 2397 2418 3202
NOX ppmvd 25 2.5 25 25
Cco ppmvd 4.0 3.8 1.6 3.1
NOX tpy 31.26 29.79 37.21 36.30
CoO tpy 57.58 38.91 159.88 30.63
VOC tpy 6.00 4.99 20.09 8.36
PM (Front & Back Half) tpy 42.73 43.14 32.38 44.87
CO2 tpy 309,364 272,733 299,766 325,312
CO2e tpy 311,382 274,503 301,775 327,577
S0O2 tpy 6.78 6.02 6.29 7.80
H2S04 tpy 15.82 14.11 16.66 17.25
Pb tpy 0.0054 0.0048 0.0046 0.0042
Maximum Fuel Use MMBtu/yr 5,023,664 4,424,358 4,959,209 5,389,979

Notes:
Control ppmvd is shown for natural gas, full load (100%) operation. Assumed no control during startup/shutdown.
All emissions based on data from Black & Veatch, except as noted. See specific turbine data for details.

CO2e emissions include CH4 and N20O emissions, which are based on emission factors used for PSE's WAC 173-407 compliance at other facilities.

Lead (Pb) emissions estimated using heat rate and AP-42 emission factor (Table 3.1-2a)

EMISSIONS INCREASES DUE TO MODIFICATION
TOTAL EMISSIONS (including turbine option, emergency engine, and circuit breakers)

Turbine Option

GE 7FA.05 Siemens SGT6  GE LMS100 SER
NOX tpy 32 31 38 37 40
co tpy 58 39 160 31 100
vVOC tpy 6 5 20 8 40
PM (TSP, PM10, PM2.5)  tpy 43 43 32 45 25, 15, 10
co2 tpy 309,493 272,861 299,895 325,440 -
CO2e tpy 311,631 274,752 302,023 327,826 -
S02 tpy 7 6 6 8 40
H2S04 tpy 16 14 17 17 7
Pb tpy 0.0200 0.0194 0.0194 0.0193 0.6
HAPs tpy 4.49 3.89 4.39 4.25 -

Notes:

Emissions from emergency generator operating for 52 hrs/yr for testing/maintenance plus emergency use, up to a total of 275 hrs/yr.

Values shown in bold indicate exceedance of Significant Emission Rate (SER).
H2S04 for emergency generator assumed equal to SO2 emissions.

CO2e emissions include CH4 and N20O emissions from turbine option only; emergency engine emissions of these pollutants are expected to be negligible
due to both the limited use of this unit, and the use of distillate fuel. Per EPA's AP-42 emission factors for turbines, both of these pollutants show

non-detect (ND) for distillate use.

CO2e emissions also include SF6 emissions from the estimated 10 breakers that will be included in the expansion project (8 for new units, and 2 to

replace old circuit breakers).
Pb for emergency generator assumed equal to PM emissions (conservative; for demonstration purposes only).

GREENHOUSE GAS INFO
Turbine Option

GE 7FA.05  INGENFAIOAN Siemens SGT6  GE LMS100
Ib CO2/MW-hr 1,290 1,302 1,270 1,130
Ib CO2e/MW-hi 1,299 1,310 1,278 1,138
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ATTACHMENTA -2 Operations Profiles for Emissions Analysis




PSE FREDONIA

FGS EXPANSION PROJECT

OPERATION PROFILES FOR EMISSIONS ANALYSIS

Worst Case Scenario

ATTACHMENT A-2

|Average Monthly Worst-Case Profiles ! IShort-Term Worst-Case Profiles (used in modelinL |
1-Hour Units Starts/Unit  Total Starts
Operation Characteristic Units GE 7FA.05 Siemens SGT6 GE LMS100 7FA.05 1 1 1
Full Load (and/or total) hrs/mo 190 26% 190 26% 190 26% 240 33% 1 1 1
Medium Load (75%) hrs/mo 75 10% 75 10% 75 10% 75 10% SGT6-5000F4 1 1 1
Low Load (50%) hrs/mo 80 7% 50 7% 50 7% 80 7% LMS-100 2 1 2
Min Load (30%) hrs/mo - 0% - 0% - 0% 30 4%
Starts starts/mo 12 12 12 20 3-Hour Units / Plant Starts / Unit Total Unit Starts
Total Operating Hours (excluding star hrs/mo 190 26% 190 26% 190 26% 240 33% 7FA.05 1 2 2
Total Idle Hours hrs/mo 540 74% 540 74% 540 74% 490 67% 1 2 2
SGT6-5000F4 1 2 2
Other Assumptions LMS-100 2 2 4
Average Hours/Month 730
8-Hour Units / Plant Starts / Unit Total Unit Starts
7FA.05 1 5 5
|ULSD Operation 1 5 5
Assume up to 336 hrs/year (equivalent of 14 days) of baseload operation on ULSD. Startup/shutdown on ULSD is limited SGT6-5000F4 1 5 5
to 1/day (although additional startup/shutdowns can be made on NG during that period). LMS-100 2 5 10
24-Hour Units / Plant Starts / Unit Total Unit Starts
~ 7FA05 1 5 5
1 5 5
SGT6-5000F4 1 5 5
LMS-100 2 5 10

OTHER PROPOSED OPERATIONAL LIMITATIONS:

7FA.05

SGT6-5000F4
LMS100's

NOTE:

'None
None
None

Distillate use limited to: 80% use factor over a 24-hour period for both units (total
38 hours), and up to 10% of total time (3.4 hrs) at loads below 100%. No distillate

use at loads below 75%.

The operation profile is based on hours for the purposes of analysis only. This does not imply that permit
conditions should be based on time limits (i.e. equivalent fuel usage parameters may be used).

A2-1

June 2011



ATTACHMENTA-3 Emission and Stack Parameter Summary Detail by
Turbine Option




PSE FREDONIA

FGS EXPANSION PROJECT

TURBINE EMISSION DATA FOR ALL OPERATING FUELS, TEMPERATURES, AND LOADS

Equipment GE 7FA.05
Op Conditions Natural Gas, content @ 2.25 gr/100scf (annual average) Natural Gas, content @ 3.48 gr/100scf (short-term maximum) ULSD
NG Sulfur Content 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 3.48 3.48 3.48 3.48 3.48 3.48 3.48 3.48 3.48 - - - - - - - - -
Ambient Temperature (°F) 7 7 7 51 51 51 88 88 88 7 7 7 51 51 51 88 88 88 7 7 7 51 51 51 88 88 88
Relative Humidity 40 40 40 75 75 75 30 30 30 40 40 40 75 75 75 30 30 30 40 40 40 75 75 75 30 30 30
Unit Load (%) 100 75 50 100 75 50 100 75 50 100 75 50 100 75 50 100 75 50 100 75 50 100 75 50 100 75 50
Fuel NG NG NG NG NG NG NG NG NG NG NG NG NG NG NG NG NG NG Dist. Dist. Dist. Dist. Dist. Dist. Dist. Dist. Dist.
Units 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Operation per unit:
hrs/mo (max by load/fuel) 190 75 50 190 75 50 190 75 50 190 75 50 190 75 50 190 75 50
hrs/yr (max by load/fuel) 2280 900 600 2280 900 600 2280 900 600 2280 900 600 2280 900 600 2280 900 600 336 336 336 336 336 336 336 336 336
Starts (and assume shutdowns) per unit:
per hour 1 1 1 1 1 1 1 1 1
per month 12 12 12 12 12 12
per year 144 144 144 144 144 144 14 14 14
Op Emissions - Control (SCR/CO Cat; ho SO2 scrub)
NOX ppmvd @ 15% O2 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 5 5 5 5 5 5 5 5 5
NOX as NO2 Ib/h per stack 20.70 16.30 12.70 19.40 15.50 12.30 17.90 14.60 11.90 20.70 16.30 12.70 19.40 15.50 12.30 17.90 14.60 11.90 44.10 35.20 26.70 44.10 35.00 26.90 42.40 33.90 26.00
CO ppmvd @ 15% O2 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
CO Ib/h per stack 19.8 15.8 124 18.6 15.0 12.0 17.2 14.2 11.6 19.8 15.8 124 18.6 15.0 12.0 17.2 14.2 11.6 42.3 34.2 27.2 42.3 34.0 26.3 40.7 32.9 25.5
VOC ppmvd @ 15% O2 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 14 14 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1
VOC as CH4 Ib/h per stack 4.00 3.20 2.50 3.70 3.00 2.40 3.50 2.80 2.30 4.00 3.20 2.50 3.70 3.00 2.40 3.50 2.80 2.30 9.30 7.50 5.90 9.30 7.50 5.80 9.00 7.20 5.60
PM10 (Front & Back Half) Ib/h per stack 37.20 33.30 30.00 36.00 32.50 29.60 34.70 31.70 29.20 47.70 41.60 36.50 45.80 40.50 35.90 43.80 39.20 35.40 38.50 37.70 36.80 38.50 37.70 36.80 38.40 37.50 36.70
Cco2 Ib/h per stack 262,567 209,069 163,894 246,140 199,087 158,372 228,243 187,610 153,694 262,555 209,060 163,914 246,156 199,079 158,365 228,233 187,602 153,688 367,828 296,920 227,193 367,860 295,067 228,535 353,423 285,453 221,348
SOx as SO2 Ib/h per stack 5.32 4.24 3.32 4.99 4.04 3.21 4.62 3.80 3.11 8.22 6.55 5.13 7.72 6.24 4.97 7.14 5.88 4.81 1.26 1.00 0.79 1.26 0.99 0.79 1.21 0.96 0.77
NH3 slip ppmvd @ 15% O2 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
NH3 slip Ib/h per stack 30.1 24 18.8 28.3 22.9 18.2 26.2 215 17.6 30.1 24 18.8 28.3 22.9 18.2 26.2 215 17.6 32.0 25.8 19.8 32.0 25.7 19.9 30.7 24.8 19.2
H2S04 Ib/h per stack 14.24 11.34 8.89 13.34 10.79 8.58 12.38 10.17 8.33 22.01 17.52 13.74 20.62 16.68 13.26 19.14 15.72 12.88 3.36 2.73 2.06 3.36 2.72 2.07 3.23 2.63 2.01
Pb Ib/h per stack 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0315 0.0254 0.0195 0.0315 0.0253 0.0196 0.0303 0.0245 0.0190
Fuel Use Ib/hr 96,540 76,870 60,260 90,500 73,200 58,230 83,920 68,980 56,510 96,540 76,870 60,270 90,510 73,200 58,230 83,920 68,980 56,510 115,160 92,960 71,130 115,170 92,380 71,550 110,650 89,370 69,300
MMBtu/hr 2266 1804 1414 2124 1718 1367 1970 1619 1326 2266 1804 1415 2124 1718 1367 1970 1619 1326 2251 1817 1391 2252 1806 1399 2163 1747 1355
Total Op Emissions (all units)
NOX Ib/yr 44,232 13,950 7,380 14,818 0 0
CcoO Ib/yr 42,408 13,500 7,200 14,213 0 0
VOC Ib/yr 8,436 2,700 1,440 3,125 0 0
PM10 (Front & Back Half) Ib/yr 82,080 29,250 17,760 12,936 0 0
co2 Ib/yr 561,198,180 179,178,715 95,023,466 123,600,909 0 0
S02 Ib/yr 11,377 3,636 1,926 423 0 0
H2S04 Ib/yr 30,415 9,711 5,148 1,129 0 0
Pb Iblyr 0 0 0 11 0 0
Fuel Use Ib/yr 206,340,000 65,880,000 34,938,000 38,697,120 0 0
MMBtu/yr 4,843,419 1,546,401 820,100 756,529 0 0
FOR MODELING INFO
Start Emissions Ib/hr equiv. Max w/ S/S Max w/o Key: Ib/hr equiv. Max w/ SIS Max w/o Key:
NOX Ib 315 63.00 53.55 44.10 SU/SD value is greater than 145.7 291.40 167.75 44.10 Shutdown value is greater than
CcoO Ib 209.6 419.20 230.75 42.30 normal operation (short-term). 332.1 664.20 353.25 42.30 normal operation (short-term).
VOC Ib 5.9 8.6
PM10 (Front & Back Half) Ib 9.2 18.40 33.05 47.70 SU/SD greater than normal ops, 17.00 34.00 40.85 47.70 Greater than normal operation,
CcO2 Ib 69717 and max of fuel options. 109,132 and max of fuel options.
S0O2 Ib 10.40 20.80 14.51 8.22 1.10 2.20 5.21 8.22
H2S04 Ib 5.82 11.64 16.83 22.01 Maximum on full hour basis by 1.00 1.99 12.00 22.01 Maximum on full hour basis by
Pb Ib 0.00 0.02 fuel type. 0.01 0.03 fuel type.
Fuel Consumption Ib 25531 51,062 83,116 115,170 34168 68,336 91,753 115,170
MMBtu 599 1199 1732 2266 Maximum on full hour basis; 668 1336 1,801 2266 Maximum on full hour basis;
value used in short-term model. value used in short-term model.
Time per start hrs 0.500 0.500
Shutdown Emissions
NOX Ib 16 50.53 46.14 44.10 79 278.82 110.61 44.10
CO Ib 189 596.84 21791 42.30 196 691.76 226.32 42.30
VOC Ib 4.3 6
PM10 (Front & Back Half) Ib 5.8 18.32 38.40 47.70 9.60 33.88 43.79 47.70
Cco2 Ib 30885 44,157
S02 Ib 4.60 14.53 10.22 8.22 0.40 141 6.29 8.22
H2S04 Ib 2.57 8.10 17.61 22.01 0.40 1.42 16.18 22.01
Pb Ib 0.00 0.02 0.00 0.03
Fuel Consumption Ib 11257 22,514 89,957 115,170 13825 48,794 96,364 115,170
MMBtu 264 528 1813 2266 270 954 1,894 2266
Time per shutdown hrs 0.317 0.283
Annual Total Start/Shutdown Emissions (all units) Equiv. ops. Equiv. ops.
NOX Ib/yr 6,840 2281 Normal operations greater w/o 3,146 484 Normal operations greater w/o
CcoO Ib/yr 57,398 2187 including SU/SD. 7,393 464 including SU/SD.
VOC Ib/yr 1,469 435 204 102
PM10 (Front & Back Half) Ib/yr 2,160 4234 372 422
CO2 Iblyr 14,486,688 28,946,011 2,146,046 4,034,196
S02 Ib/yr 2,160 587 21 14
H2S04 Ib/yr 1,208 1569 19.60 36.85
Pb Ib/yr 0.00 0.00 0.18 0.35
Fuel Consumption Ib/yr 5,297,472 10,642,800 671,902 1,263,031
MMBtu/yr 124,348 249,818 13,136 24,692
Total hrs/yr 118 11
NG Only Op. max FOR SER Dist. Only Op. max
ANNUAL TOTAL EMISSIONS (Op+Start/Shut - All units) (Max) Ib/hr basis Max Ann. (Max) Ib/hr basis
NOX tpy 25.54 19.40 31.26 Maximum using all fuels. 8.98 44.10
CO tpy 49.90 18.60 57.58 10.80 42.30
VOC tpy 4.95 3.70 6.00 1.66 9.30
PM10 (Front & Back Half) tpy 42.12 36.00 42.73 6.65 38.50
Co2 tpy 287,842 246,140 309,364 62,873 367,860
S02 tpy 6.77 4.99 6.78 0.22 1.26
H2S04 tpy 15.81 13.34 15.82 0.57 3.36
Pb tpy 0.00 0.00 0.01 0.01 0.03
MMBtu/hr Max Ann.
Max Fuel Use (by type) MMBtu/yr 4,967,766 2,124 5,023,664 769,664 2252
Max Fuel Use (excl. SU/SD) MMBtu/yr 4,886,181
Max Fuel Use (total) MMBtu/yr 5,023,664
Max Op. Hours (excl. SU/SD)  hrs/yr/unit 2280 (includes NG and ULSD) 336
Max Op. Hours (total) hrs/yr/unit 2409 (includes NG and ULSD)
CO2e Pollutants using Emission Factors based on Source Tests® CH4 as CO2e: 3.43E-04 Ib/MMBtu 1 tpy
N20 as CO2e: 8.12E-01 Ib/MMBtu 2,017 tpy
Total: 2,018 tpy
Stack Info
Volume Flow (per Unit) acfm 3,281,876 2,673,032 2,321,205 3,260,948 2,723,743 2,381,190 3,221,544 2,754,466 2,454,315 3,281,876 2,673,032 2,321,205 3,260,948 2,723,743 2,381,190 3,221,544 2,754,466 2,454,315 3,103,100 2,618,102 2,169,251 3,258,794 2,730,809 2,295,330 3,302,220 2,794,815 2,349,912
Exhaust Temperature F 800 800 800 800 800 799 800 799 800 800 800 800 800 800 799 800 799 800 800 800 799 800 800 799 800 800 799
Stack Diameter ft 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0
Stack Velocity fps 132.00 107.00 93.00 131.00 109.00 96.00 129.00 110.00 98.00 132.00 107.00 93.00 131.00 109.00 96.00 129.00 110.00 98.00 124.00 105.00 87.00 131.00 110.00 92.00 132.00 112.00 94.00
Stack Height ft 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145

! The emission factors for CH4 and N20 are based on analysis for PSE's letter reports to NWCAA, SWCAA, and Ecology re: WAC 173-407 compliance and related source test results. Values are for natural gas use only; EPA's AP-42 factors for these pollutants show non-detects for distillate use. Therefore, maximum potential emissions are based on natural gas use only. The values include the conversion to CO2e using the individual Global Warming Potential (GW P) factors for each pollutant.
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PSE FREDONIA

FGS EXPANSION PROJECT

TURBINE EMISSION DATA FOR ALL OPERATING FUELS, TEMPERATURES, AND LOADS

Equipment  [CEEADAII

Op Conditions Natural Gas, content @ 2.25 gr/100scf (annual average) Natural Gas, content @ 3.48 gr/100scf (short-term maximum) ULSD
NG Sulfur Content 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 3.48 3.48 3.48 3.48 3.48 3.48 3.48 3.48 3.48 - - - - - - - - -
Ambient Temperature (°F) 7 7 7 51 51 51 88 88 88 7 7 7 51 51 51 88 88 88 7 7 7 51 51 51 88 88 88
Relative Humidity 40 40 40 75 75 75 30 30 30 40 40 40 75 75 75 30 30 30 40 40 40 75 75 75 30 30 30
Unit Load (%) 100 75 50 100 75 50 100 75 50 100 75 50 100 75 50 100 75 50 100 75 50 100 75 50 100 75 50
Fuel NG NG NG NG NG NG NG NG NG NG NG NG NG NG NG NG NG NG Dist. Dist. Dist. Dist. Dist. Dist. Dist. Dist. Dist.
Units 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Operation per unit:
hrs/mo (max by load/fuel) 190 75 50 190 75 50 190 75 50 190 75 50 190 75 50 190 75 50
hrs/yr (max by load/fuel) 2280 900 600 2280 900 600 2280 900 600 2280 900 600 2280 900 600 2280 900 600 336 336 336 336 336 336 336 336 336
Starts (and assume shutdowns) per unit:
per hour 1 1 1 1 1 1 1 1 1
per month 12 12 12 12 12 12
per year 144 144 144 144 144 144 14 14 14
Op Emissions - Control (SCR/CO Cat; ho SO2 scrub)
NOX ppmvd @ 15% O2 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 5 5 5 5 5 5 5 5 5
NOX as NO2 Ib/h per stack 17.40 14.20 11.90 16.80 13.60 11.30 15.10 12.40 11.00 17.40 14.10 11.90 16.80 13.60 11.30 15.10 12.40 11.00 39.20 31.40 26.40 39.00 30.90 25.50 36.20 29.00 25.40
CO ppmvd @ 15% O2 3.8 3.8 3.9 3.8 3.9 3.9 3.9 3.9 4.0 3.8 3.8 3.9 3.8 3.9 3.9 3.9 3.9 4.0 7.4 7.5 7.7 7.5 7.6 7.7 7.4 7.6 7.7
CO Ib/h per stack 16.2 13.2 114 15.6 12.7 10.8 14.3 11.8 10.7 16.2 13.2 114 15.6 12.7 10.8 14.3 11.8 10.7 34.8 28.8 24.7 35.2 28.7 23.8 32.2 26.7 23.7
VOC ppmvd @ 15% O2 1.2 1.2 1.2 1.2 1.2 1.2 1.3 1.2 1.3 1.2 1.2 1.2 1.2 1.2 1.2 1.3 1.2 1.3 2.7 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8
VOC as CH4 Ib/h per stack 2.90 2.40 2.10 2.90 2.30 2.00 2.60 2.20 1.90 2.90 2.40 2.10 2.90 2.30 2.00 2.60 2.20 1.90 7.30 6.00 5.10 7.50 6.00 5.00 6.90 5.70 5.00
PM10 (Front & Back Half) Ib/h per stack 37.50 33.90 31.50 36.80 33.30 30.70 35.00 32.00 30.30 46.40 41.20 37.60 45.40 40.20 36.50 42.70 38.40 36.00 38.40 37.60 36.90 38.40 37.50 36.90 38.10 37.20 36.80
Cco2 Ib/h per stack 223,538 182,497 154,021 215,297 174,854 145,399 193,893 160,494 141,292 223,528 182,489 154,014 215,288 174,847 145,393 193,911 160,487 141,313 330,042 267,343 224,479 328,669 262,999 216,941 304,937 246,390 215,855
SOx as SO2 Ib/h per stack 4.53 3.71 3.12 4.37 3.54 2.95 3.92 3.25 2.86 7.01 5.73 4.82 6.75 5.47 4.56 6.07 5.02 4.42 1.12 0.90 0.78 1.12 0.88 0.75 1.03 0.86 0.74
NH3 slip ppmvd @ 15% O2 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
NH3 slip Ib/h per stack 25.7 21 17.7 24.7 20.1 16.7 22.3 184 16.2 25.7 21 17.7 24.7 20.1 16.7 22.3 18.4 16.2 28.7 23.2 195 28.6 22.9 18.9 26.5 21.4 18.8
H2S04 Ib/h per stack 12.11 9.88 8.35 11.66 9.48 7.88 10.52 8.71 7.66 25.23 20.58 17.39 24.28 19.75 16.41 21.91 18.14 15.96 3.02 2.47 2.04 3.01 2.43 1.97 2.80 2.23 1.96
Pb Ib/h per stack 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0283 0.0229 0.0192 0.0282 0.0225 0.0186 0.0261 0.0211 0.0185
Fuel Use Ib/hr 82,190 67,100 56,630 79,160 64,290 53,460 71,290 59,010 51,950 82,190 67,100 56,630 79,160 64,290 53,460 71,300 59,010 51,960 103,330 83,700 70,280 102,900 82,340 67,920 95,470 77,140 67,580
MMBtu/hr 1929 1575 1329 1858 1509 1255 1673 1385 1219 1929 1575 1329 1858 1509 1255 1674 1385 1220 2020 1636 1374 2012 1610 1328 1866 1508 1321
Total Op Emissions (all units)
NOX Ib/yr 38,304 12,240 6,780 13,104 0 0
CO Ib/yr 35,568 11,430 6,480 11,827 0 0
VOC Ib/yr 6,612 2,070 1,200 2,520 0 0
PM10 (Front & Back Half) Ib/yr 83,904 29,970 18,420 12,902 0 0
co2 Ib/yr 490,877,878 157,368,847 87,239,473 110,432,696 0 0
S02 Ib/yr 9,964 3,186 1,770 376 0 0
H2S04 Ib/yr 26,585 8,532 4,728 1,011 0 0
Pb Ib/yr 0 0 0 9 0 0
Fuel Use Ib/yr 180,484,800 57,861,000 32,076,000 34,574,400 0 0
MMBtu/yr 4,236,520 1,358,171 752,920 675,930 0 0
FOR MODELING INFO
Start Emissions Ib/hr equiv. Max w/ SIS Max w/o Key: Ib/hr equiv. Max w/ SIS Max w/o Key:
NOX Ib 43.1 86.20 62.70 39.20 SU/SD value is greater than 145.7 291.40 165.30 39.20 Shutdown value is greater than
CcoO Ib 106.4 212.80 124.00 35.20 normal operation (short-term). 332.1 664.20 349.70 35.20 normal operation (short-term).
VOC Ib 6.5 8.6
PM10 (Front & Back Half) Ib 6 11.60 29.00 46.40 SU/SD greater than normal ops, 17.00 34.00 40.20 46.40 Greater than normal operation,
CcO2 Ib 70823 and max of fuel options. 109132 and max of fuel options.
S0O2 Ib 10.10 20.20 13.61 7.01 1.10 2.20 4.61 7.01
H2S04 Ib 7.96 15.93 20.58 25.23 Maximum on full hour basis by 0.99 1.98 13.60 25.23 Maximum on full hour basis by
Pb Ib 0.00 0.01 fuel type. 0.01 0.02 fuel type.
Fuel Consumption Ib 25943 51886 77,608 103,330 33,845 67690 85,510 103,330
MMBtu 609 1218 1,619 2,020 Maximum on full hour basis; 662 1323 1,672 2,020 Maximum on full hour basis;
value used in short-term model. value used in short-term model.
Time per start hrs 0.500 0.500
Shutdown Emissions
NOX Ib 31 132.86 61.05 39.20 79 278.82 107.09 39.20
CcO Ib 90 385.71 116.99 35.20 196 691.76 221.23 35.20
VOC Ib 4.8 6
PM10 (Front & Back Half) Ib 4 18.86 39.97 46.40 9.6 33.88 42.85 46.40
Cco2 Ib 28819 44157
S02 Ib 4.20 18.00 9.57 7.01 0.40 141 5.42 7.01
H2S04 Ib 3.22 13.82 22.57 25.23 0.40 1.42 18.49 25.23
Pb Ib 0.00 0.02 0.00 0.02
Fuel Consumption Ib 10504 21008 89,724 103,330 13,810 48741 87,863 103,330
MMBtu 247 493 1,795 2,020 270 953 1,718 2,020
Time per shutdown hrs 0.233 0.283
Annual Total Start/Shutdown Emissions (all units) Equiv. ops. Equiv. ops.
NOX Ib/yr 10,670 1774 Normal operations greater w/o 3,146 428 Normal operations greater w/o
CcoO Ib/yr 28,282 1647 including SU/SD. 7,393 386 including SU/SD.
VOC Ib/yr 1,627 306 204 82
PM10 (Front & Back Half) Ib/yr 1,469 3886 372 421
Cco2 Ib/yr 14,348,448 22,735,396 2,146,046 3,604,400
S02 Ib/yr 2,059 461 21 12
H2S04 Ib/yr 1,611 1231 19.50 33.01
Pb Ib/yr 0.00 0.00 0.18 0.31
Fuel Consumption Ib/yr 5,248,368 8,359,296 667,170 1,128,470
MMBtu/yr 123,195 196,218 13,043 22,062
Total hrs/yr 106 11
NG Only Op. max FOR SER Dist. Only Op. max
ANNUAL TOTAL EMISSIONS (Op+Start/Shut - All units) (Max) Ib/hr basis Max Ann. (Max) Ib/hr basis
NOX tpy 24.49 16.80 29.79 Maximum using all fuels. 8.12 39.00
CO tpy 31.92 15.60 38.91 9.61 35.20
VOC tpy 4.12 2.90 4.99 1.36 7.50
PM10 (Front & Back Half) tpy 42.69 36.80 43.14 6.64 38.40
Co2 tpy 252,613 215,297 272,733 56,289 328,669
S02 tpy 6.01 4.37 6.02 0.20 1.12
H2S04 tpy 14.10 11.66 14.11 0.52 3.01
Pb tpy 0.00 0.00 0.00 0.00 0.03
MMBtu/hr Max Ann.
Max Fuel Use (by type) MMBtu/yr 4,359,715 1,858 4,424,358 688,973 2012
Max Fuel Use (excl. SU/SD) MMBtu/yr 4,288,120
Max Fuel Use (total) MMBtu/yr 4,424,358
Max Op. Hours (excl. SU/SD)  hrs/yr/unit 2280 (includes NG and ULSD) 336
Max Op. Hours (total) hrs/yr/unit 2397 (includes NG and ULSD)
CO2e Pollutants using Emission Factors based on Source Tests® CH4 as CO2e: 3.43E-04 Ib/MMBtu 1 tpy
N20 as CO2e: 8.12E-01 Ib/MMBtu 1,770 tpy
Total: 1,771 tpy
Stack Info
Volume Flow (per Unit) acfm 2,795,240 2,366,040 2,129,021 2,864,875 2,405,641 2,146,260 2,758,547 2,380,588 2,191,245 2,795,240 2,366,040 2,129,021 2,864,875 2,405,641 2,146,260 2,758,547 2,380,588 2,191,245 2,809,584 2,372,670 2,126,090 2,926,748 2,435,732 2,162,632 2,873,029 2,426,380 2,240,680
Exhaust Temperature F 800 799 799 800 800 799 800 799 800 800 799 799 800 800 799 800 799 800 800 799 799 800 799 799 800 799 799
Stack Diameter ft 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0
Stack Velocity fps 135.00 114.00 102.00 138.00 116.00 103.00 133.00 115.00 105.00 135.00 114.00 102.00 138.00 116.00 103.00 133.00 115.00 105.00 135.00 114.00 102.00 141.00 117.00 104.00 138.00 117.00 108.00
Stack Height ft 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145

! The emission factors for CH4 and N20 are based on analysis for PSE's letter reports to NWCAA, SWCAA, and Ecology re: WAC 173-407 compliance and related source test results. Values are for natural gas use only; EPA's AP-42 factors for these pollutants show non-detects for distillate use. Therefore, maximum potential emissions are based on natural gas use only. The values include the conversion to CO2e using the individual Global Warming Potential (GW P) factors for each pollutant.
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PSE FREDONIA

FGS EXPANSION PROJECT

TURBINE EMISSION DATA FOR ALL OPERATING FUELS, TEMPERATURES, AND LOADS

Equipment Siemens SGT6-5000F4
Op Conditions Natural Gas, content @ 2.25 gr/100scf (annual average) Natural Gas, content @ 3.48 gr/100scf (short-term maximum) ULSD
NG Sulfur Content 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 3.48 3.48 3.48 3.48 3.48 3.48 3.48 3.48 3.48 - - - - - - - - -
Ambient Temperature (°F) 7 7 7 51 51 51 88 88 88 7 7 7 51 51 51 88 88 88 7 7 7 51 51 51 88 88 88
Relative Humidity 40 40 40 75 75 75 30 30 30 40 40 40 75 75 75 30 30 30 40 40 40 75 75 75 30 30 30
Unit Load (%) 100 75 60 100 75 60 100 75 60 100 75 60 100 75 60 100 75 60 100 75 70 100 75 70 100 75 70
Fuel NG NG NG NG NG NG NG NG NG NG NG NG NG NG NG NG NG NG Dist. Dist. Dist. Dist. Dist. Dist. Dist. Dist. Dist.
Units 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Operation per unit:
hrs/mo (max by load/fuel) 190 75 50 190 75 50 190 75 50 190 75 50 190 75 50 190 75 50
hrs/yr (max by load/fuel) 2280 900 600 2280 900 600 2280 900 600 2280 900 600 2280 900 600 2280 900 600 336 336 336 336 336 336 336 336 336
Starts (and assume shutdowns) per unit:
per hour 1 1 1 1 1 1 1 1 1
per month 12 12 12 12 12 12
per year 144 144 144 144 144 144 14 14 14
Op Emissions - Control (SCR/CO Cat; ho SO2 scrub)
NOX ppmvd @ 15% O2 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 5 5 5 5 5 5 5 5 5
NOX as NO2 Ib/h per stack 21.10 17.10 14.60 19.70 15.70 13.40 17.70 14.30 12.20 21.10 17.10 14.60 19.70 15.70 13.40 17.70 14.30 12.20 43.10 33.80 32.10 38.80 31.00 29.40 34.80 28.10 26.70
CO ppmvd @ 15% O2 1.6 1.6 4.0 1.6 1.6 4.0 1.6 1.6 4.0 1.6 1.6 4.0 1.6 1.6 4.0 1.6 1.6 4.0 4.0 12.0 12.0 4.0 12.0 12.0 4.0 12.0 12.0
CO Ib/h per stack 8.4 6.8 144 7.6 6.0 13.2 6.8 5.6 12.0 8.4 6.8 14.4 7.6 6.0 13.2 6.8 5.6 12.0 20.8 49.6 46.8 18.8 45.2 42.8 16.8 41.2 38.8
VOC ppmvd @ 15% O2 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 3.0 3.0 1.0 3.0 3.0 1.0 3.0 3.0
VOC as CH4 Ib/h per stack 2.90 2.40 2.00 2.70 2.20 1.90 2.50 2.00 1.70 2.90 2.40 2.00 2.70 2.20 1.90 2.50 2.00 1.70 3.00 7.10 6.70 2.70 6.50 6.10 2.40 5.90 5.60
PM10 (Front & Back Half) Ib/h per stack 29.00 24.30 21.90 26.70 23.00 20.80 24.90 21.60 19.70 40.00 33.20 29.50 37.00 31.10 27.70 34.10 29.00 26.00 34.60 33.60 33.40 34.10 33.30 33.10 33.70 33.00 32.80
Cco2 Ib/h per stack 260,228 212,142 180,620 243,583 194,246 165,797 219,078 176,704 151,383 260,217 212,133 180,639 243,599 194,238 165,790 219,068 176,723 151,403 350,804 275,679 261,753 315,797 252,075 239,427 283,569 228,886 217,484
SOx as SO2 Ib/h per stack 4,78 3.90 3.32 4.47 3.57 3.04 4.02 3.24 2.78 7.39 6.02 5.13 6.91 5.51 4.71 6.22 5.02 4.30 1.09 0.85 0.81 0.98 0.78 0.74 0.88 0.71 0.67
NH3 slip ppmvd @ 15% O2 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
NH3 slip Ib/h per stack 29.9 24.4 20.7 28 22.3 19 25.2 20.3 174 29.9 24.4 20.7 28 22.3 19 25.2 20.3 174 30.5 24.0 22.8 27.5 21.9 20.8 24.7 19.9 18.9
H2S04 Ib/h per stack 14.87 12.12 10.32 13.92 11.10 9.47 12.52 10.10 8.65 22.98 18.73 15.95 2151 17.15 14.64 19.34 15.60 13.37 3.38 2.65 2.52 3.04 2.43 231 2.73 2.20 2.09
Pb Ib/h per stack 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0301 0.0236 0.0224 0.0271 0.0216 0.0205 0.0243 0.0196 0.0186
Fuel Use Ib/hr 95,680 78,000 66,410 89,560 71,420 60,960 80,550 64,970 55,660 95,680 78,000 66,420 89,570 71,420 60,960 80,550 64,980 55,670 109,830 86,310 81,950 98,870 78,920 74,960 88,780 71,660 68,090
MMBtu/hr 2246 1831 1559 2102 1676 1431 1891 1525 1307 2246 1831 1559 2102 1676 1431 1891 1525 1307 2147 1687 1602 1933 1543 1465 1736 1401 1331
Total Op Emissions (all units)
NOX Ib/yr 44,916 14,130 8,040 13,037 0 0
CcoO Ib/yr 17,328 5,400 7,920 15,187 0 0
VOC Ib/yr 6,156 1,980 1,140 2,184 0 0
PM10 (Front & Back Half) Ib/yr 60,876 20,700 12,480 11,458 0 0
co2 Ib/yr 555,369,160 174,821,637 99,478,456 106,107,684 0 0
S02 Ib/yr 10,192 3,213 1,824 329 0 0
H2S04 Ib/yr 31,738 9,990 5,682 1,021 0 0
Pb Ib/yr 0 0 0 9 0 0
Fuel Use Ib/yr 204,196,800 64,278,000 36,576,000 33,220,320 0 0
MMBtu/yr 4,793,111 1,508,797 858,548 649,457 0 0
FOR MODELING INFO
Start Emissions Ib/hr equiv. Max w/ S/S Max w/o Key: Ib/hr equiv. Max w/ SIS Max w/o Key:
NOX Ib 92.40 158.40 110.36 43.10 SU/SD value is greater than 146.20 230.84 162.00 43.10 Shutdown value is greater than
CcoO Ib 1347.00 2309.14 1367.67 49.60 normal operation (short-term). 1462.00 2308.42 1480.19 49.60 normal operation (short-term).
VOC Ib 154.20 162.20
PM10 (Front & Back Half) Ib 4.80 8.23 21.47 40.00 SU/SD greater than normal ops, 15.60 24.63 30.27 40.00 Greater than normal operation,
CcO2 Ib 81663 and max of fuel options. 88,635 and max of fuel options.
S0O2 Ib 11.00 18.86 14.08 7.39 1.00 1.58 3.71 7.39
H2S04 Ib 7.19 12.32 16.76 22.98 Maximum on full hour basis by 0.96 1.52 9.39 22.98 Maximum on full hour basis by
Pb Ib 0.00 0.01 fuel type. 0.01 0.02 fuel type.
Fuel Consumption Ib 29,931 51,310 75,694 109,830 31,233 49,315 71,504 109,830
MMBtu 703 1204 1,638 2,246 Maximum on full hour basis; 611 964 1,434 2,246 Maximum on full hour basis;
value used in short-term model. value used in short-term model.
Time per start hrs 0.583 0.633
Shutdown Emissions
NOX Ib 45.00 158.82 75.89 43.10 90.00 284.21 119.45 43.10
CcO Ib 443.00 1563.53 478.55 49.60 709.00 2238.95 742.89 49.60
VOC Ib 50.00 76.00
PM10 (Front & Back Half) Ib 2.40 8.47 31.07 40.00 10.00 31.58 37.33 40.00
Cco2 Ib 41460 66,355
S02 Ib 5.40 19.06 10.70 7.39 0.70 221 5.75 7.39
H2S04 Ib 3.63 12.82 20.10 22.98 0.59 1.87 16.30 22.98
Pb Ib 0.00 0.02 0.01 0.03
Fuel Consumption Ib 15,120 25,920 93,832 109,830 19,261 60,824 94,312 109,830
MMBtu 355 608 1964 2,246 377 1189 1,911 2,246
Time per shutdown hrs 0.283 0.317
Annual Total Start/Shutdown Emissions (all units) Equiv. ops. Equiv. ops.
NOX Ib/yr 19,786 2459 Normal operations greater w/o 3,307 516 Normal operations greater w/o
CcoO Ib/yr 257,760 948 including SU/SD. 30,394 250 including SU/SD.
VOC Ib/yr 29,405 337 3,335 36
PM10 (Front & Back Half) Ib/yr 1,037 3332 358 454
Cco2 Ib/yr 17,729,712 30,399,154 2,169,856 4,200,096
S02 Ib/yr 2,362 558 24 13
H2S04 Ib/yr 1,558 1737 21.76 40.43
Pb Ib/yr 0.00 0.00 0.19 0.36
Fuel Consumption Ib/yr 6,487,344 11,177,088 706,916 1,314,971
MMBtu/yr 152,277 262,360 13,820 25,708
Total hrs/yr 125 13
NG Only Op. max FOR SER Dist. Only Op. max
ANNUAL TOTAL EMISSIONS (Op+Start/Shut - All units) (Max) Ib/hr basis Max Ann. (Max) Ib/hr basis
NOX tpy 32.35 19.70 37.21 Maximum using all fuels. 8.17 38.80
CO tpy 138.50 8.44 159.88 22.79 45.20
VOC tpy 17.78 2.70 20.09 2.76 6.50
PM10 (Front & Back Half) tpy 30.96 26.70 32.38 591 34.10
Co2 tpy 286,549 243,583 299,766 54,139 315,797
S02 tpy 6.28 4.47 6.29 0.18 0.98
H2S04 tpy 16.65 13.92 16.66 0.52 3.04
Pb tpy 0.00 0.00 0.00 0.00 0.03
MMBtu/hr Max Ann.
Max Fuel Use (by type) MMBtu/yr 4,945,389 2,102 4,959,209 663,277 1933
Max Fuel Use (excl. SU/SD) MMBtu/yr 4,793,111
Max Fuel Use (total) MMBtu/yr 4,959,209
Max Op. Hours (excl. SU/SD)  hrs/yr/unit 2280 (includes NG and ULSD) 336
Max Op. Hours (total) hrs/yr/unit 2418 (includes NG and ULSD)
CO2e Pollutants using Emission Factors based on Source Tests® CH4 as CO2e: 3.43E-04 Ib/MMBtu 1 tpy
N20 as CO2e: 8.12E-01 Ib/MMBtu 2,008 tpy
Total: 2,009 tpy
Stack Info
Volume Flow (per Unit) acfm 3,232,007 2,704,417 2,388,735 3,220,186 2,654,253 2,350,261 3,088,647 2,585,912 2,296,013 3,232,007 2,704,417 2,388,735 3,220,186 2,654,253 2,350,261 3,088,647 2,585,912 2,296,013 3,153,454 2,565,136 2,470,797 3,023,126 2,515,394 2,422,399 2,902,243 2,449,930 2,359,651
Exhaust Temperature F 800 799 800 800 800 799 800 799 799 800 799 800 800 800 799 800 799 799 800 799 799 800 800 800 800 799 799
Stack Diameter ft 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0
Stack Velocity fps 130.00 108.00 96.00 129.00 106.00 94.00 124.00 104.00 92.00 130.00 108.00 96.00 129.00 106.00 94.00 124.00 104.00 92.00 126.00 103.00 99.00 121.00 101.00 97.00 116.00 98.00 95.00
Stack Height ft 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145

! The emission factors for CH4 and N20 are based on analysis for PSE's letter reports to NWCAA, SWCAA, and Ecology re: WAC 173-407 compliance and related source test results. Values are for natural gas use only; EPA's AP-42 factors for these pollutants show non-detects for distillate use. Therefore, maximum potential emissions are based on natural gas use only. The values include the conversion to CO2e using the individual Global Warming Potential (GW P) factors for each pollutant.
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ATTACHMENT A-3

TURBINE EMISSION DATA FOR ALL OPERATING FUELS, TEMPERATURES, AND LOADS

Equipment |GE LMS100

Op Conditions Natural Gas, content @ 2.25 gr/100scf (annual average) Natural Gas, content @ 3.48 gr/100scf (short-term maximum) ULSD
NG Sulfur Content 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 3.48 3.48 3.48 3.48 3.48 3.48 3.48 3.48 3.48 3.48 3.48 3.48 - - - - - - - - -
Ambient Temperature (°F) 7 7 7 7 51 51 51 51 88 88 88 88 7 7 7 7 51 51 51 51 88 88 88 88 7 7 7 51 51 51 88 88 88
Relative Humidity 40 40 40 40 75 75 75 75 30 30 30 30 40 40 40 40 75 75 75 75 30 30 30 30 40 40 40 75 75 75 30 30 30
Unit Load (%) 100 75 50 30 100 75 50 30 100 75 50 30 100 75 50 30 100 75 50 30 100 75 50 30 100 75 50 100 75 50 100 75 50
Fuel NG NG NG NG NG NG NG NG NG NG NG NG NG NG NG NG NG NG NG NG NG NG NG NG Dist. Dist. Dist. Dist. Dist. Dist. Dist. Dist. Dist.
Units 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Operation per unit:
hrs/mo (max by load/fuel) 240 75 50 30 240 75 50 30 240 75 50 30 240 75 50 30 240 75 50 30 240 75 50 30
hrs/yr (max by load/fuel) 2880 900 600 360 2880 900 600 360 2880 900 600 360 2880 900 600 360 2880 900 600 360 2880 900 600 360 336 336 336 336 336 336 336 336 336
Starts (and assume shutdowns) per unit:
per hour 1 1 1 1 1 1 1 1 1
per month 20 20 20 20 20 20
per year 240 240 240 240 240 240 14 14 14
Op Emissions - Control (SCR/CO Cat; no SO2 scrub)
NOX ppmvd @ 15% 02 2.5 25 25 2.5 25 25 25 25 2.5 25 2.5 25 25 2.5 25 25 25 2.5 2.5 25 25 25 25 2.5 5 5 5 5 5 5 5 5 5
NOX as NO2 Ib/h per stack 7.90 6.40 4.90 3.50 8.10 6.50 5.00 3.60 7.90 6.30 4.80 3.50 7.90 6.40 4.90 3.50 8.10 6.50 5.00 3.60 7.90 6.30 4.80 3.50 16.50 13.30 10.10 16.90 13.50 10.30 15.70 12.70 9.60
CO ppmvd @ 15% 02 3.7 3.1 3.1 4.0 3.1 2.8 3.2 4.5 3.0 2.8 3.4 5.1 3.7 3.1 3.1 4.0 3.1 2.8 3.2 4.5 3.0 2.8 3.4 5.1 2.4 2.8 3.5 2.4 2.9 3.6 2.6 3.1 3.9
CO Ib/h per stack 7.2 4.8 3.7 3.4 6.2 4.5 3.8 3.9 5.7 4.3 4.0 4.4 7.2 4.8 3.7 3.4 6.2 4.5 3.8 3.9 5.7 4.3 4.0 4.4 4.8 4.6 4.3 5.0 4.7 4.5 5.0 4.8 4.5
VOC ppmvd @ 15% O2 2.0 2.0 2.0 2.1 2.0 2.0 2.0 2.3 2.0 2.0 2.0 2.6 2.0 2.0 2.0 2.1 2.0 2.0 2.0 2.3 2.0 2.0 2.0 2.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6
VOC as CH4 Ib/h per stack 2.20 1.80 1.40 1.00 2.30 1.80 1.40 1.20 2.20 1.80 1.30 1.30 2.20 1.80 1.40 1.00 2.30 1.80 1.40 1.20 2.20 1.80 1.30 1.30 6.40 5.20 3.90 6.60 5.30 4.00 6.10 4.90 3.70
PM10 (Front & Back Half) Ib/h per stack 13.40 12.00 10.60 9.30 13.60 12.10 10.60 9.40 13.40 11.90 10.50 9.30 17.50 15.30 13.00 11.10 17.80 15.40 13.20 11.20 17.40 15.10 12.90 11.00 26.70 26.40 26.00 26.70 26.40 26.10 26.60 26.30 26.00
Cco2 Ib/h per stack 101,638 81,947 62,392 45,230 104,195 83,660 63,425 45,883 100,876 80,886 61,412 44,577 101,661 81,970 62,416 45,228 104,190 83,657 63,422 45,881 100,872 80,883 61,410 44,575 138,814 111,920 85,186 142,200 114,252 86,527 132,138 106,745 81,193
SOx as SO2 Ib/h per stack 2.06 1.66 1.26 0.92 2.11 1.70 1.29 0.93 2.04 1.64 1.24 0.90 3.18 2.57 1.96 1.42 3.26 2.62 1.99 1.44 3.16 2.53 1.92 1.40 0.49 0.39 0.30 0.50 0.40 0.30 0.46 0.37 0.28
NH3 slip ppmvd @ 15% O2 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
NH3 slip Ib/h per stack 11.7 9.4 7.2 5.2 12 9.6 7.3 5.3 11.6 9.3 7.1 5.1 11.7 9.4 7.2 5.2 12 9.6 7.3 5.3 11.6 9.3 7.1 5.1 12.1 9.7 7.4 12.4 9.9 7.5 11.5 9.3 7.1
H2S04 Ib/h per stack 5.51 4.44 3.38 2.45 5.65 4.54 3.44 2.49 5.47 4.39 3.33 2.42 8.52 6.87 5.23 3.79 8.73 7.01 5.31 3.84 8.45 6.78 5.15 3.74 1.25 1.01 0.77 1.28 1.03 0.78 1.19 0.96 0.73
Pb Ib/h per stack 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0119 0.0096 0.0073 0.0122 0.0098 0.0074 0.0113 0.0091 0.0070
Fuel Use Ib/hr 37,370 30,130 22,940 16,630 38,310 30,760 23,320 16,870 37,090 29,740 22,580 16,390 37,380 30,140 22,950 16,630 38,310 30,760 23,320 16,870 37,090 29,740 22,580 16,390 43,460 35,040 26,670 44,520 35,770 27,090 41,370 33,420 25,420
MMBtu/hr 877 707 538 390 899 722 547 396 871 698 530 385 877 707 539 390 899 722 547 396 871 698 530 385 850 685 521 870 699 530 809 653 497
Total Op Emissions (all units)
NOX Ib/yr 46,656 11,700 6,000 2,592 11,357 0 0
CO Ib/yr 35,712 8,100 4,560 2,808 3,360 0 0
VOC Ib/yr 13,248 3,240 1,680 864 4,435 0 0
PM10 (Front & Back Half) Ib/yr 78,336 21,780 12,720 6,768 17,942 0 0
Co2 Ib/yr 600,160,576 150,588,450 76,110,157 33,035,464 95,558,088 0 0
SO2 Ib/yr 12,154 3,060 1,548 670 336 0 0
H2S04 Ib/yr 32,544 8,172 4,128 1,793 860 0 0
Pb Ib/yr 0 0 0 0 8 0 0
Fuel Use Ib/yr 220,665,600 55,368,000 27,984,000 12,146,400 29,917,440 0 0
MMBtu/yr 5,179,684 1,299,653 656,868 285,112 584,886 0 0
FOR MODELING INFO
Start Emissions Ib/hr equiv. Max w/ S/S Max w/o Key: Ib/hr equiv. Max w/ S/S Max w/o Key:
NOX Ib 34.50 69.00 42.95 16.90 SU/SD value is greater than 59.90 119.80 68.35 16.90 Shutdown value is greater than
CoO Ib 49.00 98.00 52.60 7.20 normal operation (short-term). 39.60 79.20 43.20 7.20 normal operation (short-term).
VOC Ib 0.97 3.69
PM10 (Front & Back Half) Ib 3.30 6.60 16.65 26.70 SU/SD greater than normal ops, 14.28 28.56 27.63 26.70 Greater than normal operation,
CcOo2 Ib 43546 and max of fuel options. 58849 and max of fuel options.
S02 Ib 6.46 12.92 8.09 3.26 0.55 1.10 2.18 3.26
H2S04 Ib 3.65 7.29 8.01 8.73 Maximum on full hour basis by 0.53 1.06 4.89 8.73 Maximum on full hour basis by
Pb Ib 0.00 0.50 fuel type. 0.01 0.51 fuel type.
Fuel Consumption Ib 16001 32,002 38,261 44,520 18425 36,850 40,685 44,520
MMBtu 376 751 825 899 Maximum on full hour basis; 360 720 810 899 Maximum on full hour basis;
value used in short-term model. value used in short-term model.
Time per start hrs 0.500 0.500
Shutdown Emissions
NOX Ib 3.40 25.50 18.05 16.90 5.70 42.75 20.35 16.90
CoO Ib 1.80 13.50 8.04 7.20 1.70 12.75 7.94 7.20
VOC Ib 0.03 0.06
PM10 (Front & Back Half) Ib 1.00 7.50 24.14 26.70 4.70 35.25 27.84 26.70
COo2 Ib 4621 5555
SO2 Ib 0.68 5.10 3.51 3.26 0.05 0.38 2.88 3.26
H2S04 Ib 0.38 2.88 7.95 8.73 0.05 0.38 7.62 8.73
Pb Ib 0.00 0.87 0.00 0.87
Fuel Consumption Ib 1684 3,368 40,268 44,520 1739 13,043 40,323 44,520
MMBtu 40 79 819 899 34 255 813 899
Time per shutdown hrs 0.133 0.133
Annual Total Start/Shutdown Emissions (all units) Equiv. ops. Equiv. ops.
NOX Ib/yr 18,192 2462 Normal operations greater w/o 1,837 300 Normal operations greater w/o
(6{0) Ib/yr 24,384 1885 including SU/SD. 1,156 89 including SU/SD.
VOC Ib/yr 480 699 105 117
PM10 (Front & Back Half) Ib/yr 2,064 4134 531 473
CO2 Ib/yr 23,120,160 31,675,141 1,803,312 2,521,672
S0O2 Ib/yr 3,427 641 17 9
H2S04 Ib/yr 1,935 1718 16 23
Pb Ib/yr 0.00 0.00 0.15 0.22
Fuel Consumption Ib/yr 8,488,800 11,646,240 564,592 789,488
MMBtu/yr 199,258 273,372 11,038 15,434
Total hrs/yr 304 18
NG Only Op. max FOR SER Dist. Only Op. max
ANNUAL TOTAL EMISSIONS (Op+Start/Shut - All units) (Max) Ib/hr basis Max Ann. (Max) Ib/hr basis
NOX tpy 32.42 16.20 36.30 Maximum using all fuels. 6.60 33.80
CO tpy 30.05 12.40 30.63 2.26 10.00
VOC tpy 6.86 4.60 8.36 2.27 13.20
PM10 (Front & Back Half) tpy 40.20 27.20 44.87 9.24 53.40
Co2 tpy 311,640 208,389 325,312 48,681 284,399
SO2 tpy 7.79 4.22 7.80 0.18 1.00
H2S04 tpy 17.24 11.30 17.25 0.44 2.56
Pb tpy 0.00 0.00 0.00 0.00 0.02
MMBtu/hr Max Ann.
Max Fuel Use (by type) MMBtu/yr 5,378,941 1799 5,389,979 595,924 1741
Max Fuel Use (excl. SU/SD) MMBtu/yr 5,179,684
Max Fuel Use (total) MMBtu/yr 5,389,979
Max Op. Hours (excl. SU/SD) hrs/yr/unit 2880 (includes NG and ULSD) 336
Max Op. Hours (total) hrs/yr/unit 3202 (includes NG and ULSD)
CO2e Pollutants using Emission Factors based on Source Tests * CH4 as CO2e: 3.43E-04 |b/MMBtu 1 tpy
N20 as CO2e: 8.12E-01 Ib/MMBtu 2,265 tpy
Total: 2,266 tpy
Stack Info
Volume Flow (per Unit) acfm 910,876 782,277 654,273 536,561 922,990 791,040 666,231 546,031 898,233 774,696 658,447 541,286 910,876 782,277 654,273 536,561 922,990 791,040 666,231 546,031 898,233 774,696 658,447 541,286 910,026 781,381 659,455 921,565 792,949 672,324 878,207 768,326 653,435
Exhaust Temperature F 737 764 800 799 769 787 800 799 799 800 800 799 737 764 800 799 769 787 800 799 799 800 800 799 755 782 800 786 799 800 800 800 799
Stack Diameter ft 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0
Stack Velocity fps 134.00 115.00 96.00 79.00 136.00 117.00 98.00 80.00 132.00 114.00 97.00 80.00 134.00 115.00 96.00 79.00 136.00 117.00 98.00 80.00 132.00 114.00 97.00 80.00 134.00 115.00 97.00 136.00 117.00 99.00 129.00 113.00 96.00
Stack Height ft 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110

! The emission factors for CH4 and N20 are based on analysis for PSE's letter reports to NWCAA, SWCAA, and Ecology re: WAC 173-407 compliance and related source test results. Values are for natural gas use only; EPA's AP-42 factors for these pollutants show non-detects for distillate use. Therefore, maximum potential emissions are based on natural gas use only. The values include the conversion to CO2e using the individual Global Warming Potential (GW P) factors for each pollutant.
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PSE FREDONIA ATTACHMENT A-4
FGS EXPANSION PROJECT

06-Dec-10

Puget Sound Energy - Fredonia

BA&V Project Number 165510

General Electric 7FA.05 - Simple Cycle Emissions Summary - Natural Gas 2.25 graina/100 scf Sultur

Case Number 2 o
CTG Model GETFAGSY e
CTG Fuel Type Natural Gas] Natural Ga
CTG Load 75%]
CTG iniet Air Cooling o)
CTG Steam/Water Injection Mof
Ambient Temperature, F
HRSG Duct Firing Untead]
Fuel Suttur Content (grains/100 standard cubic feet) 225) 2.
Amblent Conditions
Ambient Temperature, F 7.0 2. 2.0] 51.0} 51.0] 51 8s. 88 Bﬂa
Ambient Refative Humidity, % 40.0} 40.0} 40.0} 75.0} 75.0] 75.0} 30. 30. 30.
Mﬂr 14.680 14.680 14.680 14.680 14.680 14.680 14.680 14.680 14.680
o 0 e =L = i 222
Combustion Turbine Performance
CTG Performance Reference GEJ Gg s | G g G o= | G [ |
CTG Inlet Air Conditioning Etfectiveness, % 0 0 [] 9 9 0 0 [] 0
CTG Compressor iniet Dry Bulb Temperature, F 7.0] 7. 51.00 51. 5100 88. 88.0]
CTG Compr. Iniet Relative Hurnidity, % 405] 40.5} 75.1 75.1 75.1 0. 30.2]
(ndet Loss, In. H2O 40 4.0 40 40 4.0 4.0 40 40 4.0
Exhaust Loss, in. H2O 13 7.2 46 103 66 47 95 6.0 48
CTG Load Leve! {percent of Base Load) 100%) 75# 47%j 100%] 75%1 48%] 100%] 75%) 50%{
Gross CTG Output, kW 230,500 172,800 108,300 214,400 160,800 102,900 193,800 145,400 96,900
Gross CTG Heat Rate, BtwkWh (LHV) 8.855 9.400 11,765 8,925 9,626 11,985 9,155 10,030 12,330
Gross CTG Heat Rate, BtwkWh (HHV, 9.831 10,436 13,062 9,908 10,686 13,284 10,164 11,135 13,688
CTG Heat input, MBtwh (LHV) 2,041.1 1,625.3 1,274.2 1.913.5 1,547.7 1,231.2 1,774.2 1,458.4 1,194.8
CTG Heat input, MBtwh (HHV) 2.266.0 18044 14146 21244 17183 1,366.9 1,969.8 1,619.1 1,326.5
CTG Water/Steam Injection Flow, lo/h 0 0 0 ) 0 0 0
Injection Fluid/Fus! Ratio 0.0 0.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0
CTG Exhaust Flow. h 4,363,000 3,470,000 2,722,000 4,138,000 3,269,000 2,727,000 3,962,000 3,107,000 2,757,000
CTG Exhaust Temperature, F 1.084 1,108 1,215 1,110 1,165 1215 1,124 1,208 1.215
_Combustion Turbine Fuel N = e T
Total CTG Fuel Fiow, lbh 96,540 76,870 60,260 50,500 73,200 58,230 83,920 68,980 56,510
CTG Fuel Temperature, F 14 14 77 kel 7 ” el 14 7
CTG Fuel LHV, BtuT 21,143 21,143 21,143 21,143 21,143 21,143 21,143 21,143 21,143
CTG Fuet HHV, Bl 23473 23,473 23473 23473 23473 23,473 23473 23,473 23473
HHV/LHV Ratio 1.1102 1.1102 1.1102 1.1102 1.1102 1.1102 1.1102 1.1102 1.1102
CYG Fuei Composition (Utimate Anal Weight)
Ar 0. 0. 0.
c 74. 74.22%] 74.
H2 24.51%} 24.51%; 2451
N2 0.95% 0.95¢ 0.95
02 0.31% 0.31 0.31
S 0.007! 0.007! 0.007!
TYotal 100. 100. 100.
Fuel Suttur Contert {grains/100 standard cubic feet) 2.25] 225 2.25
Combustion Turbine Exhaust

. o) w—— T e s

A 0.94%

0.93%) 0.93%} 0.53%}
coz 3.80%) 3 3.84%] 3.93%) 375"
H20 7.74%) 7.75 8.46%! 8.64%) 8.
N2 74.98%) 74.98 74.37%) 74.30% 7444
02 12.45%! 12,44 12.40%) 12.20%) 12.5:
502, (atter SO2 ogation) 0.00014%} 0.00014 0.00014%] 0.00014 00001
503, (after SO2 oxgation) 0.00001%) 0.00001 0.00001%} 0.00001 0.00001
Totat 100.0% 100 100.0%) 100, 1004
Molecular WY, timol 28.47 28.47 28.47 28.39 28.38 28.40 28.%8 28.34 28.38
Specific Volume, frdih 38.55 3954 4251 39.41 4118 4261 39.88 4238 4263
Specific Volume, sciib 1332 13.33 1333 13.36 1337 1338 1338 1339 1337
Exhaust Gas Flow, actm 2,803,228 2,286,730 1,928,537 2,718,633 2,243,624 1,936,625 263,409 2,194,578 1,958,849
Exhaust Gas Flow, scim 968,586 770,918 604,738 921,617 728,442 607,212 883,526 693,379 614,352

__CTGNOxEm B i P : : TRk P z g TE VTR
NOx Massflow Added to Maich CTG Manulacturer's NOx Emissions Estmata, I 11 0.2¢ 0.00 1.00 0.23 023 0.00
Additonal Percent Margin incuded In mass based NOx Emissions below ox) o% ox] o o 0% |
NOx, ppmvd (dry, 15% 02) 200 9.00 9.00 9.00 9.00 9.00 200 9.00 9.00
NOx, ppmvd (dry) 1127 11.28 1127 1119 1148 1091 1085 11.40 10.48
NOx, pomyw (wet) 1040 10.41 10.40 10.24 1048 1001 991 1038 960
B as NO2 744 8.6 458 697 558 442 646 526 428
NOx, I/MBIu (LHV) 0.0365 00361 0.0359 0.0364 0.0361 00358 00364 0.0361 00359
NOx, I/MBt (HHV) 0.0328 00325 0.0323 0.0328 0.0325 00323 00328 00325 00323
b mmmﬂ&mwhmm P ey B [ ST e = 3 x N s = ¥ k T o oy o T ;
CO Massflow Added to Match CTG Manutacturer's CO Emissions Estimate, vh 000 .00 0.00 000 000 000 0.00 000 000
Additional Percert Margin included in mass based CO Emissions below 0% % 0% 0% ox oxf o) 0%l ox)
O, ppmvd (dry, 15% 02) 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
€O, ppmvd (dy) 1002 10.03 1002 9.95 10.20 9.70 964 1014 9.31
CO, ppmvw (wet) 9.24 9.25 9.25 8.10 932 8.60 8.01 323 853
co,bh 397 316 248 ar2 0.1 239 45 283 232
CO, BYMBIY (LHV) 0.0194 0.0154 0.0194 00194 00194 00184 0.0194 0.0194 0.0194
CO, BMBty (HHV) 00175 00175 00175 00175 00175 00175 00175 00175 00175
CTG 502 Emissions (Afer 502 Cxy: , Without Post Combustion Emissions Conts SRR S c i =5 = EEES
$02 massflow {lu} added to match CTG mamufacturer's Ivh SO2 emissions estimate 0.00 0.00 X X
Addtional Percent Margin included in i SO2 Emissions below 0.0%) 0.0%) o.uj 0.
Assumed SO2 0xdation rate in CTG, vol% 6.3%) 6.2%) 6.1 5.
502, ppmvd (g, 15% 02 1.2088 12094 1.2088 12106 1.2097 12113 1.2083 12094 1.2002
502, pomvd (dy) 15134 1.5160 15142 15051 15425 14684 1.4563 15323 14074
502, pomyw (wet) 1.3963 13985 1.3970 13177 14092 1.3467 1.3308 13951 12894
502, 12.7061 109182 8.5553 12,8676 10.3996 8.2838 11.9096 9.7981 8.0253
502, /MBI (LHV) 0.0067 0.0067 0.0067 0.0067 0.0067 0.0067 0.0067 0.0067 0.0067
$02, /MBIy (HHV) 0.0060 0.0061 0.0060 0.0061 0.0061 0.0061 0.0060 0.0061 0.0061
| MMMMMMME 7 : R e TR = i) £ S ) IS 4 13 S 5 O e 20, I W RETEEY : PO = e £
| UHC massfiow (Ib/h) added to match CYG manufacturer's ivh CO emissions estimate 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Additional Percent Margin included in &vh UHC Emissions Below 0.0%) 0.0%) 0.0 0.0%) o.0%) 0.0%) 0.0%) 0.0%) 0.0%]
UHC, ppmvd (dry, 15% 02) 68 68 68 68 68 68 68 68 6.8
UHC, ppmvd (dry) 8.5 85 8.5 85 87 8.2 a2 8.6 7.9
UHC, pomvw (wet 7.9 7.9 79 77 78 7.6 75 78 73
UHC, b/ as CHé 19.3 154 123 18.1 145 116 168 138 1.3
UHC, &/MBry as CH4 (LHV) 00085 00095 0.0095 0.0005 0.0095 0.0095 00095 0.0098 0.0085
UHC, IVMBuy as CHa (HHV) 0.0085 0.0085 0.0085 00085 0.0085 0.0085 0.0085 0.0085 0.0085
CTG VOC Emlasions ‘Post Combustion Emiesions T TN ; : = =i ST CRE R T = =
VOC Massfiow (i) added to match CYG manutacturer's bvh VOG emissions estimate 000 0.00 0.00 0.00 000 000 000 0.00
Addttional percent margin included In lvh VOC emissions below 0%} 0% O'El 09_1 0% 0%
VOC percentage of UHC 219 219 21 210f 21% 21%) 21 219 21
VOC, ppmvd (dry, 15% 02) 14 14 14 14 14 14 14 14 14
VOC, ppenvd (dry) 18 18 18 17 18 17 17 18 16
VOC, ppmvw (we) 16 18 16 18 18 16 15 16 15
VOC, Ibh as CHe 40 32 25 37 20 24 35 28 23
VOC, byMBtu as CH4 (LHV) 0.0019 0.0018 0.0019 0.0018 0.0018 0.0019 0.0019 0.0019 0.0019
VOC, /MBt as CH4 (HHV) 0.0018 00018 00018 0.0018 0.0018 0.0018 0.0018 0.0018 0.0018
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PSE FREDONIA
FGS EXPANSION PROJECT

ATTACHMENT A-4

06-Dec-10

Puget Sound Energy - Fredonia

B&V Project Number 165510

Genera! Electric 7FA.05 - Simple Cycle Emissions Summary - Natursl Gas 2.25 gralns/100 scf Sulfur

Case Number 1 of
CTG Model ; GEIEAL : o
CTG Fuel Type Natural Natural Natural Gas) Natural
CTG Load 1 75 75%
CTG Infet Air Cooling o o
CTG Steam/Water Injection No| No| No|
Amblent Temperature, F 7 51
HRSG Duct Fiing Uniired]
Fuel Sutur Content (prains/}00 siandard cubic fest) 2.2 2, 225 2
_ CTGPMIOEmissions (wihout the Effectacf 602 Ondidston) | | | B =T B = e TR = 5 i
Percent margin inchuded in PM10 emisslons below ﬂ ﬂ s oo
| PM10 Emissions - Front Half Catch Only
PM10, I 920 9.0 90 20 90 90 9.0 20 90
| PM10, IVMBtu (LHV) 0.0044 0.0055 0.0071 0.0047 0.0058 0.0073 0.0081 0.0062 0.0075
PMIO, I/MBtu (HHV) 0.0040 0.0050 0.0064 0.0042 0.0052 0.0066 0.0046 00056 0.0068
PM10 Emisslons - Front and Back Hall Catch
PMI10, i 180 18.0 18.0 180 180 180 180 180 180
P10, I/MBtU (LHV) 00088 00111 0.0141 0.0094 00116 0.0146 00101 0.0123 00151
PO, IVMBtu (HHV) 0.0079 0.0100 oma27 0.0085 0.0108 00132 0.0081 00111 0.013%
con O TT D R 5 = = e 1 = =—73 [ ECr=m ey = == =2 o = = == —rT —
€02, e 262,567] 208 163,694 1583 228 187,61 1538
| coz by ithv) 128§ 128 1286 1286 128, 1284 128
CO2, /Moty (HHV) 1,1;4 118 ns.dI 118! 115 115. 115.
Stack Emlsslons
__StckExheust Anolyais-Volme Basle-Wet e e e =
A 0.95%) 0.95%) 0.94
coz 27 273%) 2. 24
H20 5.5 5.44%; 4. 5.4 6.‘83
N2 75 75.87%) 76.08% 7. 75.11
02 14.87%) 15.00% 15.58% 152 15.30%)
502 (atter SO2 owidation} 0.000040% 0.000040%] 0.000030%] 0. 0.000030%)
S04 (atter SO2 oxkdation) 0.00007 0.000070%) 0.000060%] 0.000080%] 0.000060%)
Totat 100 100.0%) 100.0%) 100.0%) 100.0%)
Stack Ext Temperature, F “s00] 800 800] 7998 800]
Stack Diameter, # (estimatad) 230 230 23.0 230 230 230 230 230
Stack Flow, h 6,120,993 4,985,995 4,335,996 5,068,995 4,436,996 5,987,994 5,122,995 4,568,996
Stack Flow, sctm 1,352,741 1,102,127 956,811 1,122,784 962,056 1,327,340 1,135,598 1,012,034
Stack Fiow, actm 3,281,878 2,673,082 2,321,205 2723743 2,381,190 3,221,544 2,754,486 2454315
Stack Exit Velocity, 1Vs 1320 107.0 930 109.0 %.0 1200 1100 9.0
N v (dry, 16% 02) 90 90 3.0 8.0 8.0 90 90 8.0 90
NOx, ppmvd (dry) 79 77 5.9 75 72 6.5 70 57 62
NOx, ppmve (wet) 7.4 73 66 70 6.8 62 66 63 58
NOx, I as NO2_(includes correction adder) 744 586 45.7 697 55.8 442 646 526 429
NOx, &YMBtu (LHV) as NO2 (incl, duct bumer 0.0365 0.031 0.0359 0.0364 0.0361 0.0359 00364 00361 0.0359
NOx, I/MBtu (HHV) as NO2 (incl duct bumer fuel) 0.0328 0.0325 0.0323 0.0328 0.0325 00323 0.0328 00325 0.0323
T e e - R e e e I e I IS LSS - —
NO, ppmvd (dry, 15% 02) 25 25 25 25 25 25 25 25
NOx, ppmvd (dry) 22 21 19 2.1 20 18 19 17
N w (wet) 2.1 20 18 20 19 17 18 18 18
NOx, ibh as NO2 s NOx margin appled to CTG, 207 163 127 194 155 123 179 146 19
NOx, IVMBtu (LHV) as NO2 (incl. cuct bumer fuel) 0.0101 00100 0.0100 0.0101 00100 00100 00101 0.0100 0.0100
W/MBHu (HHV) as NO2 (incl. duct bumer fuel] 0.0091 0.0090 0.00%0 0.0091 0.0080 0.0090 00091 0.0090 0,000
SCRUNH3 siip, ppmva (dy, 15% 02) 100 100 100 100 100 100 100 100 100
SCR NH3 sk, I 301 240 188 283 29 182 262 215 176
e T e —— - — - -
€O, pomvd (dry, 16% 02) 80 8.0 80
O, pprwd (dry) 7.0 6.1 87
CO, ppmvw (wet) 66 5.8 62
CO, M (ncludas CO correction as applisd to CTG and margin) 307 316 2.8 372 . 239 45 ! y
CO, BVMBtu (LHV) {incl. duct bumer tuel) 00194 00194 00134 00194 00194 00194 00194 00194 00194
CO, BYMB1 (HHV) {incl. duct bumer fuel) 00175 0.0175 0.0175 0.0175 0.0175 00175 0.0175 00175 0.0175
O, pomvd (dry, 15% 02) 40 40 40 40 40 40 40 40 40
O, ppmvd (dey) s 34 a1 a3 32 29 31 30 27
CO, ppmvw (wet) 33 32 29 31 30 28 29 28 26
CO, I/ _{includes CO margin applied to CTG) 198 158 124 186 150 120 172 182 16
CO, B/MBtu (LHV) (incl. duct bumer tuel) 0.0097 0.0097 0.0097 00097 0.0097 0.0097 0.0097 0.0097 0.0097
CO, &YMBty (HHV) {incl. duct bumer fuel) 0.0088 0.0088 0.0088 0.0088 0.0088 0.0088 0.0088 0.0088 0.0088
" Stack S02 Emissions withous the Eftects of S02 Scrubber, whhout 502 Oxidation | == : o 78 =
Assumed SO2 oxdation rate in CTG, voft 0.0%) o 0.0%) o Y 0. 0.0%) 0. 0.
Assumed SO2 oxidation rate in CO Catalyst, voi% 0.0%) o.:ﬂ e | Y o Y o 0. o
Assumed SO2 oxidation rate in SCR, volt o0.0%) o.0%] 0.0%) o Y Y o.g 0. 0.
02, ppmva (dry, 15% O2) 12894 12895 12894 12854 12895 1.2804 12884 12894 12854
S02, m!!vd (dry) 1.6143 1.6164 1.6153 1.6031 1.6442 1.5631 1.5540 1.6337 1.5008
502, pomvw (wet 1.4894 14811 1.4901 14574 1.5021 1.43% 14201 14874 13750
502, o 146198 116410 9.1257 13,7051 11.0853 8.8182 127088 104452 8.5578
S02, IyMBtu (LHV) (incl. duct bumer fuel) 0.0071 0.0071 0.0071 0.0071 0.0071 0.0071 0.0071 0.0071 0.0071
S02, IVMBMY (HHV) (incl. duct bumer fuel) 0.0064 0.0085 0.0064 0.0065 0.0085 0.0065 0.0084 0.0085 0.0085
P A e e e —_— —— = - - —
Assumed SO2 oxidation rate in CO Catalyst, vol 60.0%] 60.0%) 80 80. &0, 60.0%) 604 60.0%)
Assumed SO2 oxidation rate in SCR, voi% aox) Y ﬂ 3. 3 3.0%) 3 3.0%
$02, ppmvd (diy, 15% 02) 0.47 0.47 0.47 0.47 0.47 047 047 0.47 047
502, ppmvd (dry) 0.41 0.40 0.3 0.39 038 034 037
502, pomw (wet} 0.39 0.38 0.34 0.37 035 032
502, o 5.32 424 33 499 404 a21
502, IyMBty (LHV) (inc). duct bumer fuef) 0.0026 0.0026 0.0026 0.0026 0.0026 00028
502, /MBI (HHY) tuel) 0.0023 0.0023 0.0024 0.0023 0.0024
___ Stack UNC Emissions LR T == e he] e e et e [ = AR e e ]
UHC, pomvd (dey, ) 68 68 6.8 68 88 5.8
UHC, ppmvd 6.0 58 52 57 55 49
UHC, ppmvw 56 55 50 53 5.1 X X
UHC, I/ as CH4 (includes correction adder) 193 154 121 181 146 186 168 138 113
UHC, RYMBtu (LHV) (inct. duct bumer fuel) 0.0095 0.0095 0.0095 00095 0.0095 0.0095 00095 0.0095 00095
UHC, I/MBtu (HHV) (incl. duct bumer fue) 0.0085 0.0085 0.0085 0.0085 0.0085 0.0085 0.0085 0.0085 0.0085 |
Stack VOC Emiesions wihout the Effect of Oxietion na COcetyst | Tl 2R TiaE] [EN = D [EETT R EE ! L0 AL Pk SIS
VOC, ppmvd ‘d!x 15% 02' 14 14 14 14 14 14 1.4 14 14
VOC, ppvd (dry) 12 12 11 12 1 10 11 10 10
VOC, pprmvw (wet) 12 11 10 11 14 10 10 10 0.9
VOC, b/ as CH4 _(includes correction adder) 40 3.2 25 3.7 3.0 24 35 28 23
VOC, b/MBtu (LHV) (incl. duct bumer fue) 0.0019 0.0019 0.0018 0.0019 0.0019 00019 00019 0.0019 0.0018
VOC, B/MBtu (HHV) (incl. duct bumer fuer) 00018 00018 0.0018 00018 00018 00018 0.0018 00018 0.0018
‘Stack VOC Emissions with the Effects of : Raduction (G T TG T e A R 5 TS e T
& ppmyd {dry, 15% 02 14 14 14 14 1.4 14 1.4
VOC, ppmvd {dry) 1.2 1.2 1.1 1.2 1.1 1.0 1.1 1.0 1.0
VOC, ppmvw (wet) 1.2 1.1 1.0 11 1.1 1.0 1.0 1.0 0.8
VOC, ivh as CH4 _(includes VOC comection as appied to CTG) 40 32 25 37 30 24 s 20 23
VOC, VMBI (LHV) {incl. duct bumar fual) 0.0018 0.0019 0.0019 0.0019 0.0018 0.0018 0.0019 0.0019 0.0019
VOC, tYMBtu (HHV) {incl. duct bumer fusl) 0.0018 0.0018 00018 00018 0.0018 00018 00018 00018 00018
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PSE FREDONIA

ATTACHMENT A-4
FGS EXPANSION PROJECT

06-Dec-10

Puget Sound Energy - Fredonia

B&V Project Number 165510

General Electric 7FA.05 - Simple Cycle Emissions Summary - Natural Gas 2.25 grains/100 scf Sulfur

Case Number
CTG Model 5 L [l =SS = i oy
CTG Fuel Type Natural Natural Ga: Naturai Ga: Natural Natural Gai Natural
CTG Load 1 75 47 1 75" Ll 75
CTG lnlet Air Cooling
CTG Steam/Water Injection Ni
Ambient Temperature, F 7| 7] 51 51 51|
HRSG Duct Firing Unfi

Fuel Sultur Content EI_IMIOO standard cubic 'emi 2.25) 2.2! 2. 2.2 2. 2. 2. 2. 2.

1".--; P10 whout the Eftects of SO2 oxidation

PM10 Emisslons - Front Half Catch Only

-y

IR === |

I PR ] e e = s [T

|
t
i

PM10, Ib/h 2.0 8.0 2.0 5.0 9.0 8.0 990 90 9.0
PM10, bYMBtu (LHV] {incl. duct bumer fuel] 0.0044 0.0055 0.0071 0.0047 0.0058 0.0073 0.0051 0.0062 0.0075
PM10, b/MBtu (HHV) (indi. duct bumer fusi) 0.0040 0.0050 0.0064 0.0042 0.0052 0.0066 0.0046 0.0056 0.0068 |
PM10 Emisslons - Front end Back Half Catch
PM10, bih 18.0 18.0 18.0 18.0 18.0 180 18.0 180 18.0 ]
PM10, /MBtu {LHV) (indl. duct bumer el 0.0088 0.0111 0.0141 0.0094 0.0116 0.0146 0.0101 0.0123 0.015
PM10. Ib/MBtu . duct bumer 0.0079 0.0100 0.0127 0.0085 0.0105 0.0132 0.0091 0.0111 0.0136
P10 with the Pitects of 02 Oxidetion [inchudes | TR | N eS| EETERaTERT | IRECeTR R | REOS s TIRSIT et AT FEanPliisRE VY,
PM10 Emissions - Front Half Catch Only
PM10, lo/h 28.2 243 21.0 270 235 20.6 257 227 20.2 ]
PM10, I/MBiu . duct bumer 00138 0.0148 0.0185 0.0141 0.0152 0.0167 0.0145 0.0156 0.01_62|
PM10, IVMBtu (HHV) (inci. duct bumer fuaf) 0.0124 0.0135 0.0148 0.0127 0.0137 0.0150 0.0130 0.0140 0.01

PM10 Emissions - Front and Back Half Catch
PM10, bh 37.2 33.3 30.0 36.0 325

N7 292
PMI1, Ib/MBty duct bumner 0.0182 0.0205 0.0235 0.0188 0.0210 0.0217 .0245

goa ) 541N M|

Total SO2 to SO3 conversion rate, %vol

Total Amount of SO2 converted 10 SO3, Ib/h 9.30

Maximum Stack Ammonium Suftate [[(NH4]2-[SO4}] (a: 100% conversion 1rom 18.19
Maximum Stack H2504 (assuming 100% conversion from SO3 10 H2504), I/ 14.24

e ]

[

3L W AT e

CO removed in CO Catalyst, vh
VOC removed in CO Catalyst, %wt
VOCramavedhOOCahEhm
___ Selsctive Catalytic Reduction (BCH]
| NOxRsmoved in SCR, %wt
NOx removed in SCR, Ib/h 53.7

334
Ammonia Sip, lbh 0.1 240 188 283 228 182 262 215 176

Nates:

1. EMISSIONS ARE PRELIMINARY. NO GUARANTEES APPLY. NO MARGINS APPLIEO.

2. The dry air composition used is 0.96% Ar, 78.03% N2 and 20.99%02

3. Standard conditions are defined as 60 F, 14.696 psia, Norm conditions are defined as 0 C, 1.103 bar

4. AX ppm values are based on CH4 calibration gas.

5. The CTG performance and emisslons are based on runs provided by GE dated 2/25/2010

6. The natural gas used in estimates contains 2.25 grains/100 SCF of suthur content.

7. The VOC/UHC ratio of 21% is basa on CTG performance data provided by GE dated 2/25/2010

8. Eftect ot SCR and CO catalyst are inchuded.

9. The 1ront half catch of particulale emissions is assumed to be half the amount of the 1ront and back haff catch.

10. Where manutacturer data of i/ ot poliutant emissions were avatable, the greater of the manufacturer's estmate and B&V's estimate was used in the summary table, l.o. the BV estimates were adjusted, where appicable.
11. The estimated oxidation of SO2 in CTG is based on performance data prowded by GE. The SO2 - SO3 conversion in the CO catalyst is assumed to be 60%.
12. The CO catalyst was designed to reduce the CO Stack emissions by 50% for akt operating scenarios. While there was no VOC reduction.

13. The SCR was designed fo reduce the NOx stack smissions to 2.5 ppmvd @ 15%02 for natural gas

14. Tempering alr mass flowrate to Emit stack exit 10 800F for ab cases, with a minimum aliowabie flowrate of 13,500 tvhr,

15. Tempering air has been assumed 10 not contribute 10 stack emissions.

ADDITIDNAL CALCULATIONS MADE BY URS USING ABOVE DATA

Information usad to compara valuas with emission standards (lederal, state, local, and NSPS):

1 NOX/MWhr 0.09 0.09 o2 0.08 0.10 0.12 0.09 0.10 0.12
b SO2/MWhr 0.02 0.02 0.03 0.02 0903 0.03 0.02 0.03 0.03
Max ib NOXMWhr 0.12
Max & SO2/MwWhr 0.03
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PSE FREDONIA
FGS EXPANSION PROJECT

06-Dec-10

Puget Sound Energy - Fradonia

BA&V Project Number 165510

General Electric 7FA.05 - Simple Cycle Emisslons Summary - Naturel Gas 3.48 grains/100 scf Sulfur

Case Number

=
CTG Modet GETF
CTG Fuel Type Natural Natural Natural Ga
CTG Load 75°
CTG tniet Alr Cooling
CTG Steam/Water Injection No|
Ambient Temperature, F 51 51
HRSG Duct Firing
Fuel Sulfw Content {graine/100 standard cubic feet) 3 3. 3.
Ambient Conditions
Amblent Temperaturs, F 2, 2. 7.0] 51.0} 51 51 88, 88 88
Ambient Retative Humidity, % 40, 40. 40, 75.0} 5. 75,1 30. 30. 30,
mﬂﬂc Pressure, a 14.&0 144& 14.680 14.% 14.% 14.9.82 14.&0] 14.& 14.&
Combustlon Turbine Performance
CTG Peromance Reference s | g 9‘4 [ | ggl GEJ e | G Gef
CTG tniet Air Conditioning Etfectiveness. % 0 0 [] 0 0[ Q 0 0 0
| CTG Comprassor Iniet Dry Bulb Temparature, F 1.0} 7 7. 51.00 51.d 51. 88.0] 88 88.04
|___CTG Comps. Inket Relative Humidy, % 405 4 405 75.1 75.1 75.1 )Q aog 202
Inlet Loss, in. H20 4.0 4.0 4.0 40 4.0 40 4.0 40 40
Exhaust Loss, in. H2O 1.3 7.2 48 10.3 6.6 47 9.5 6.0 48
|__C76 Load Lovel {parcent o Basa Load) e 75% a7 100 5% s 10054 5% soul
Gross CTG Output. kW 230,500 172,900 108,300 214,400 160,800 102,900 193,800 145,400 | 96,900
Gross CTG Heal Rate, BiwkWn [LHV) 8,855 9.400 11.765 8,925 9.625 11,965 9,155 10,030 12,330
Gross CTG Heat Rate, BiwkWh [HHV] 9,831 10,436 13,062 9,909 10,686 13,284 10,164 11,135 |1g
| CTG Heat Inpt, MBrh (LHV) 20411 1,625.3 1.274.2 18135 1,547.7 1,231.2 1.774.2 1,458.4 1,194.8
CTG Heal inpaa, MBtuwh [HHV] 22660 1,804.4 14148 21244 1,718.3 1,366.9 1.969.8 1618.1 13265
CTG Water/Sieam Flow, bh [] [1] [] [ [] 0 ] 0
Injaction Fluid/Fuel Ratic 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0
CTG Exhaust Flow, lvh 4,363,000 3,470,000 2,722,000 4,139,000 3,269,000 2,727,000 3,962,000 3,107,000 2,757,000
| CTG Exhaust Temparature, F 1,084 1,108 1,215 1.110 1,165 1,215 1,124 1,208 1,21_5_1
_ Combustion Turbine Fusl - - e L TR TR I s 1 s Y i e T ISR '
Totat CTG Fuet Flow, thh 96,540 76,870 60,270 20,510 73,200
CTG Fuel Temparature, F il ke n n kid
CTG Fuel LHV, Biulb 21,142 21,142 21,142 21,142 21,142 21,142 21,142 21,142 21,142
CTG Fuel HHV, Biulo 23472 23472 23472 23472 23472 23472 23472 23472 23,472
HHVALHV Ratio 1.1102 1.1102 1.1102 1.1102 1.1102 1.1102 1.1102 1.1102 1.1102
CTG Fuel Comy Uttimaie Anal We
Ar 0.00%4 [1X 0.00% 0. 0. 0.
c 74 74. 74.22% 74, 74, 74.
H2 24.51 2451 24.51% 24.51% 24.51
N2 0.95%} 0.95% 0.95%+ 0.95'
02 0.31 0.31%; 0.31% .. 0.31
s 0.01171%4 0.911711- 0.01171 0.01171 20171
Total 100.00%; 100. 100.1
Fuel Sulfur Content mhsm)o standard cubic 1eet) 3.6_81 3.

Combustion Turbine Exhaust
SRoTe . TR e | T B o s ol
Ar 0.94' 0.94' 0.94°
coz 3.8 3.90%] kE
H20 7.74¢ 7.75%] 774
N2 74.98 74.98%; 74.98
02 12.45 12.44%} 12.44°
502, (after SO2 oxidation} 0.000: 0.000: 0.000:
SO03, (after SO2 oxidation} 0.00001 0.00001 0.00001
Total 100 100.4 100,
Molecular Wt, lymol 28.47 28.47 28.47 28.39 28.38 28.40 28.36 28.34 28.38
Specific Volume, ft\dib 38.55 39.54 42.51 39.41 41.18 4261 39.88 4238 42.63
Specific Volume, sctib 13.32 13.33 13.33 13.36 13.37 13.36 13.38 13.39 13.37
Exhaust Gas Flow, actm 2,803,228 2,286,730 1,928,637 2718633 2,243,624 1,836,625 2,633,409 2,194,578 1,958,849
Exhaust Gas Flow, scim 968,586 770918 604,738 921,617 728,442 607,212 883,526 693,379 614,352 |
|L___CTG %0x Emissions (Wikhout Post Combustion Eslesions Comtrof) iy e e = £ = L e
NOx Massflow Added to Match CTG Manufacturer's NOx Emissions Estimate, kvh AN 0.99 0.23 089 0.00
Additonal Percent Margin Included in mass based NOx Emissions below 0% 0% 0%y
NOx, pprvd {dry, 15% O2) 9.00 9.00 9.00 9.00 9.00 2.00 9.00 8.00 9.00
NOx, ppmvd (dry) 1.27 11.28 11.28 11.18 11.48 10.91 10.85 11.40 10.47
NOx, vw (wet] 10.40 10.41 10.40 10.24 10.48 10.01 9.91 10.38 9.60
NOx. bh as NO2 744 58.6 45.8 69.7 55.8 442 646 526 42.8
NOx, /M8ty (LHV) 0.0365 0.0361 0.0359 0.0364 0.0361 0.0359 0.0384 0.0361 0.0359
NOx. YMBu (HHV) 0.0328 0.0325 0.0323 0.0328 0.0325 0.0323 0.0328 0.0325
CO Massflow Added to Match CTG Manufacturer's CO Emigsions Estimate, loh 0.00 0.00 0.00 0.00 0.00 l 0.00
Additional Percent Margin inchuded in mass based CO Emissions below 0% 0%} 0%
CO, ppmvd (dry, 15% 02) 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
CO, ppmvd (dry) 10.02 10.03 10.02 9.95 10.20 9.70 9.64 10.14 9.31
CO, ppmvw (wat) 9.24 9.2 9.25 810 9.32 8.88 8.81 9.23 8.53
CO. bh 397 316 248 372 30.1 23.8 345 283 232
€O, b/MBtY (LHV} 0.0184 0.0194 0.0194 0.0194 0.0194 0.0194 00194 0.0194 0.0194
CO, b/MBtu (HHV) 0.0175 0.0175 0.0175 0.0175 0.0175 0.0175 0.0175 0.0175 0.0175
| CTG $02 Emlssions r §02 Cxydution, Without Post Combustion Emissions o) = * (G0 Ei e it 3= FRE 5 +
S02 masstiow (vh) added to match CTG manufacturer's fyh SO2 emissions estimate 0.00 0.00 0.00 0.00 X
Additional Percent Margln included in i SO2 Emissions below. X 0. 0. 0. 04 oK .
Assumed SO2 oxidation rate in CTG. vor% 6. ﬁ 6. 6.1 s.:a 6.1 [
$02, ivd (dry. 15% O2] 1.8682 1.8690 1.8682 1.8710 1.8685 1.8720 1.8675 1.8691 1.8688
$02, ppmvd (dry) 2.3389 2.3428 2.3408 2.3263 2.3839 2.2694 2.2508 2.3882 2.1750
$02, ivw (wet) 21579 2.1613 21593 21204 21779 2.0812 2.0567 2.1560 1.9927
$02, vh 21.1822 16.8736 13.2240 19.8885 16.0721 12.8022 18.4058 15.1425 12.4027
$02, BYMBtu {LHV) 0.0104 0.0104 0.0104 0.0104 0.0104 0.0104 0.0104 0.0104 0.0104
502, MBtu (HHV) 0.0083 0.0094 0.0083 0.0094 0.0094 0.0094 0.0093 0.0094 0.0094
CTG UHE Emlssions Post Combustion Emissions Contral) a e, R et R AT R Y e = ST AR
UHC massflow (ivh) added to match CTG manufacturer's tbh CO emissions estimate 0.00 0.00 0.00 0.00 0.00
Additional Percent Margin included in vh UHC Emissions Below 0.03_5‘ 0.0%) 0.0%] 0.0% 0.0%]
UHC, ppmvd {dry, 15% 02) 6.8 6.8 68 6.8 6.8 6.8 [:X] 6.8 6.8
UHC, ppmvd {dry} 85 8.5 8.5 85 8.7 8.2 8.2 8.6 79
UHC, ppmvw (wet) 78 78 79 17 7.8 76 75 78 73
| UHC, vh as CHa 183 15.4 121 18.4 148 1.6 168 138 11.3
| UHC, /MBtu as CH4 (LHV] 0.0095 0.0095 0.0095 0.0095 0.0095 0.0095 0.0095 0.0095 0.0095
UHC, lb/MBtu as CH4 (HHV) 0.0085 0.0085 0.0085 0.0085 0.0086 0.0085 0.0085 0.0085 0.0085
= _mmammmm” Exmlesions t§ Cgtiinl) 5=t L S TRl AT 0 y e e ] SN T M ) RS O T )P, ST =TI
| VOC Magsflow (ivh) added to match CTG mamufacturer’s ib/h VOC emissions estimate 0.00 0.00 0.00 0.00 0.00
Addttional percent margin inciuded in tvh VOC emissions below 0%} 3_71 0% fl 03_1
VOC parcantage of UHC 21%) 2t 21%) 21# 21 219 21#
VOC, ppmvd (dry, 15% 02) 14 14 14 14 14 14 14
VOC, ppmvd (dry) 18 18 18 17 18 17 16
VOC, ppmvw (wet) 18 16 16 1.6 16 16 15
VOC, b/h ag CH4 490 3.2 25 37 30 24 23
VOC, /MBtu as CH4 (LHV) 0.0019 0.0019 0.0018 0.0019 0.0019 0.0019 0.0019 0.0019 0.0018
VOC, b/MBtu as CH4 (HHV) 0.0018 9.0018 0.0018 0.0018 0.0018 0.0018 0.0018 0.0018 0.0018
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PSE FREDONIA ATTACHMENT A-4
FGS EXPANSION PROJECT

06-Dec-10

Puget Sound Energy - Fredonia

B4V Project Number 165510

General Electric 7FA.05 - Simpla Cycle Emisslons Summery - Natural Gas 3.48 grains/100 scf Sulfur

Casa Number 3 1 af o
CTG Mogel GETFASSY GETF, GETFADS GETFADS
CTG Fuel Type Natural Gas; Natural Naturai Gas| Nanral Natural Ga
CTG Load 100%] 5 100%)
CTG Inket Air Cooling o o o
CTG Stsam/Water injection Noj Nol L
Ambient Temperature, F 7| 51 51
HRSG Duct Firing Unfired Unl Untred
Fuel Sultur Content {grains/t00 standard cubic feet) S.Agl 3.48) 3480 3.
CTG PO Emiasions it the Effects of 802 I st = ] | B e [N ] sn = el
Percent marpin included in PM10 emissions below ow] 0% ow] o) o] o
PM10 EmIissions - Front Half Catch Only
PMI0, ih 80 90 90 9.0 9.0 90 9.0 9.0 80
| PM10, MBI (LHV) 0.0044 0.0055 0.0071 0.0047 0.0058 0.0073 0.005% 0.0062 0.0075
| PM10, t/MBtu (HHV] 0.0040 0.0050 0.0084 0.0042 0.0052 0.0088 0.0046 0.0056 0.0068
PM10 Emisalons - Front and Back Half Catch
| PMI0, bh 180 18.0 180 180 18.0 18.0 180 18.0 180
PM10, B/MBtu (L 0.0088 00111 0.0141 0.0094 0.0116 0.0146 00101 0.0123 0.0151
| PM10, tyMBt (HHV) 0.0079 0.0100 0.0127 0.0085 00105 0.0132 0.009% 0.0111 0.0136 |
CO2 Emissions 5
€02, e 262,655} 209,
CO2, WMty (LHV) 128§ 1281
CO2, /Mty (HHV) 118, 115, 18!
Stack Emissions
5 = ==t S
0.96%) 0.95
2.46%] 2.1
4.92%) 5.61
76.08%) 75.
15.58%) 15.
| S02 {atter SO2 oxidation) 0.000050% 0.
SO3 (after SO2 oxidation) 0.000090%{ [
Total 100.0%] 100
Stack Exit Temperature, F 800 800) 800 |
Stack Diameter. ft (estimated) 230 230 230 230 230 230 230
Stack Flow, ttvh 6.120.990 4,986,992 4,335,994 6,064,990 5,068,992 4,436,994 5,987,991 5,122,993 4,568,994
Stack Flow, scfm 1,362,741 1,102,127 956,811 1,343,368 1,122,784 962,056 1,327,340 1,135,598 1,012,034 |
Stack Flow, actm 3,281,876 2,673,032 2.321.208 3,260,948 2723743 2.381,190 3,221,544 2,754,466 2,454,315
Stack Exit Velocly, t's 1320 107.0 93.0 1310 109.0 96.0 129.0 1100 96.0
Stack NOx Emissions without the Effects of Selective Cataivtic Reduction | ) 5 e [ & e E f Ny S ) [t o o z
NOx, ppmvd (dry, 15% 02) 90 90 90 9.0 9.0 90 90
NOx, ppmvd (dry) 7.9 77 69 75 72 65 7.0
N vw (wet 74 73 66 70 6.8 6.2 86 .
NOx, o as NO2_(incudes correction adder) 744 586 458 69.7 55.8 4.2 846 52.6
| NOx, Ib/MBtu as NO2 (indl. duct bumer 0.0365 0.0361 0.0358 0.0354 0.0361 0.0359 0.0364 0.0361 0.0359
NOx, I/MBtu (HHV) as NO2 (inc). duct bumer fuel) 0.0328 0.0325 0.0323 0.0328 0.0325 0.0323 0.0328 0.0325 0.0323
Stack NOx Emlssions with the Etfects of Selective Reduction i ] e ] 5 e [ = ST e e LR Eie e T
NOx, ppmvd (dry, 15% 02) 25 25 25 25 25 25 25 25
NOx, ppmvd (dry) 22 2.1 1.9 2.1 20 18 20 17
NOx, ppmvw (wet) 2.1 20 18 20 1.9 17 18 16
NOx, I/ as NO2 (includes NOx margin applied to CTG) 207 163 127 194 155 123 179 146 19
BYMBtu as NO2 (incl. duct bumer fuel 0.0101 0.0100 0.0100 0.0101 0.0100 0.0100 0.0101 0.0100 0.0100
NOx, [0/MBtu (HHV) as NO2 (inc). duct bumer fuel) 0.0091 0.0090 0.0090 0.0091 0.0090 0.0090 0.0091 0.0090 0.0090
| SCR NH3 sip, ppmvd (dry, 16% 02) 100 100 100 100 100 100 100 10.0 100
SCR NH3 sip, oh 0.1 240 188 28.3 229 182 2.2 218 176
Stack CO Emissions without the Effects of Ca Raduction T 5 5 sl o =
| €O, ppmvd (dry, 15% O2) 80 8.0 80 8.0 8.0 8.0 8.0 8.0
€O, ppmvd (dry) 7.0 6.8 6.1 62 64 5.8 62 55
CO, ppmvw (wet) 66 65 58 6.2 6.0 55 59 52
| CO. ih s CO correction as appied to CTG and margin 39.7 316 248 ar.2 0.1 239 345 28.3 232
| CO, th/MBtu (LHV) (incl. duct bumer fuei) 0.0194 0.0194 0.0194 0.0194 0.0194 0.0194 00194 0.0194 0.0194
| CO. /MBtu (HHV) (incl. duct bumer fuei) 00175 00175 0.0175 0.0175 0.0175 0.0175 0.0175 00175 0.0175
_Stack CO Emlssions with the Effects of Ca Reduction L 3] S e b X ; ] e 2 b =
| €O, ppmvd (dry, 15% O2) 40 40 40 40 40 40
CO. ppmvd (dry) 35 24 31 33 32 27
CO. ppmvw (wet) 33 32 29 31 30 26
CO, I (includes CO margin applied to CTG) 19.8 15.8 124 188 15.0 120 172 142 1.6
| CO, I/MBtu {LHV) (incl. duct bumer fue) 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097
| CO, IVMBtu (HHV) incl. duct bumer fuel) 0.0088 0.0088 0.0088 0.0088 0.0088 0.0088 0.0088 0.0088 0.0088
_Stack S02 Envissions without the Eftects of S02 Scrubber, without S02 Oxidation S o AT e e T = 3 z e X
Assumed SO2 oxidation rate in CTG, voi% 0.0%} 0.0%| 0.0%} 0. o [
Assumed SO2 oxidation rate in CO Catalyst, vor% Y 0.0%} 0.0%} o.gﬂ 0. oﬁ
Assumed SO2 oxidation ate in SCR, vol% 0. 0.0%) o.0%) 0.0%) Y 0.0%
SO2, ppmvd (dry, 15% O2) 1.9927 1.9927 1.9927 1.9928 1.9828 1.9928 1.9928 1.9927 1.9928
SO2, ppmvd (dry) 2.4948 2.4979 2.4%6 24777 25411 2.4158 2.4016 25249 23193
502, ppmvw (wet) 23018 2.3044 2.3033 2.2680 23215 22155 2.1947 2.2986 2.1249
502, b 22,5943 17.9907 14.1056 21.1830 171318 13.6281 19,6407 16.1441 13,2056
S02, YMBtu (LHV) (incl. duct bumer fuel) 0.0111 0.0111 0.0111 0.0111 0.0111 0.0111 0.0111 0.0111 0.0111
S02, VMBIu (HHV) (incl. duct bumer fuel) 0.0099 0.0100 0.0099 0.0100 0.0100 0.0100 0.0099 0.0100 0.0100
___ Stack 502 Emlssions without the Effects ot $02 Scrubber, atter 6020xkdstion | Z i ) (SRR =5
Assumed SO2 oxidation rate bn CO Catalyst, voi% 60.0%) 60 60.0%} 60.
Assumed 502 oxidation rate in SCR, vot% 3.0% ﬁ 3.0% 3.0%)
| SO2, pomvd (dry, 15% O2) 073 072 073 073 073 073
SO2, ppmvd (dry) 062 0.56 0.60 053 054 0.50
S02, ppmvw (wet) 059 053 057 0.50 051 0.47
655 5.3 772 497 5.88 481
0.0040 0.0040 0.0040 0.0040
0.0036 0.0036 0.0038 0.00%6
UHC, ppmvd (dry, 15% O2] 68 68 68 68
UHC, ppmvd 5.8 5.2 57 49
UHC, ppmvw 55 5.0 53 47
| UHC, /h as CHA4 (inckides correction adder) 15.4 121 18.1 116
| UHC, VMBI (LHV) (inch. duct burner fuel) 0.0095 0.0095 0.0095 0.0095 0.0095
| UHC, VBt (HHV) (incl. duct bumer fuel) 0.0085 0.0085 0.0085 0.0085 0.0085
Stack VOC Emisslons without the Effect of Oxidstion n a CO R e = e 5 = prrar
VOC, ppmvd (dry, 15% O2] 1.4 14 14 14 14 14 14 14 14
VOCAM\M !d!!) 1.2 1.2 1.1 1.2 1.1 1.0 1.1 10 1.0
VOC, ppmvw (wet) 1.2 1.1 1.0 1.1 1.1 1.0 1.0 1.0 0.9
VOG, bvh as CH4_(inciudes correction adder) 40 32 25 37 3.0 24 3s 28 23
VOC, &¥MBHu (LHV) (incl. duct bumer fuef) 0.0018 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019
VOC, &/MBty (HHV) (incl. duct bumer fuel) 0.0018 0.0018 0.0018 0.0018 00018 00018 0.0018 0.0018 0.0018
" — -~ . - —~ ~ — — ———
_Stack VOC Embsions wih the Effects of Catalytic Reducton{(COCatabysy ¥ ] H B [ S : T e B R
| VOC, ppmvd (dry, 15% 02) 1.4 14 14 1.4 14 14 14 1.4 14
VOC, pomvd (dry) 12 1.2 1.1 1.2 11 1.0 1.1 1.0 1.0
VOC, ppmvw. (wat[ 1.2 1.1 1.0 11 1.1 1.0 1.0 1.0 09
VOC, Ibh as CH4 s VOC correction as appied o CTG) 40 32 25 37 30 24 as 28 23
| VOC, &/MBtu (LHV) (incl. duct burner fuef) 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019
VOC, 1/MBty (HHV) (incl. duct bumer fuel) 0.0018 0.0018 0.0018 0.0018 0.0018 0.0018 0.0018 0.0018 0.0018
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Puget Sound Energy - Fredonls

B&V Project Number 165510

General Electric 7FA.05 - Simple Cycle Emissions Summary - Natural Gas 3.48 graina/100 scf Sutfur

Case Number
CTG Model
CTG Fuel Type
CTG Load
CTG Intet Alr Cooting
CTG Steam/Water Injection
Ambient Temperature, F
HRSG Duct Firing
Fuel Sulfur Content ﬂghalmﬂ standard cubic fest)

BT o™ = MTEATE S P T ), SEA TR L
PM10 Emisslons - Front Half Catch Only
PM10, bh 90 9.0 8.0 9.0 2.0 5.0 9.0 9.0 8.0
PM10, B¥MBtu (LHV) (incl. duct bumer fual) 0.0055 0.0071 0.0047 0.0058 0.0073 0.0051 0.0062 0.0075

PM10, /MBI {(HHY] (inci. duct bumer fuel) 0.0064 0.0042 0.0052 0.0066 0.0046 0.0056 0.0068

R P RO

PM10 Emisaslons - Front and Back Half Caich

PM10, b/h 18.0 18.0 18.0 18.0 180 18.0 18.0 180 18.0
PM10, b/MBtu (LHV) {inci. duct bumer fuei) 0.0088 0.0111 0.0141 0.0116 0.0146 0.010t 0.0123 0.0151
0.0079 0.01 0.0127 0.0105 0.0132 0.0091 0.0111
7 e g ) ¥

PM10 Emisslons - Front Half Catch Onily

PM10, th 38.7 326 275 36.8 315 _26.9 348 30.2 26.4
PM10, &yMBtu (LHV) (incl. duct burner fusl) 0.0189 0.0201 0.0216 0.0192 0.0203 0.0198 0.0207 0.0221
PM10, /M8ty (HHV) {incl. duct bumer fusi 00171 0.0181 00194 0.0173 0.0183 0.0177 0.0186

PM10 Emissions - Front and Back Half Catch
PM10, to/h 477 416

Yotal Bffectsct8020ddation ¥
Total SO2 to SO3 conversion rate, %vol
Totat Amount of SO2 converted to SO3, v 11.44
Maximum Stack Ammonium Sulfats -S04 (assuming 100% conversion from _29.65 2361
Maximum Stack H2S04 {assuming 100% conversion from SO3 1o H2504), bvh 201 17.52

e e e s R S S |

CO2 Emlssions 2 IR CRmA] | e IR o

262 20
128. 128.4
115! 115.!

] (e ant

Oz, e

€02, Mbtu [LHV]
CO2, /Mty [HHV)

Post Controi

__ Cotoiymc ComverskaiCOCatmbt
CO removed in CO Catalyst, %wt
CO removed in CO Catalyst, b
VOC removed in CO Catalyst, %wt o 0 o o X o 0. 0.

0.0} 0. 0. 0.0} 0. 0.0} o 0 o

" VY PO T AT T R FER R Y T R R N R DT T O T .'\»":’—,‘.\L;‘ih‘." |
NOx Removed in SCH, %wt 72, 72 72 72.2%) T22%)
NOx removed in SCR, Ih 537 423 33.0 50.3 40.3 39 467 380 310
Ammonia Sip, I 30.4 240 18.8 28.3 229 82 262 215 176

hotas:

1. EMISSIONS ARE PRELIMINARY. NO GUARANTEES APPLY. NO MARGINS APPLIED.

2. The dry alr composition used is 0.98% Ar, 78.03% N2 and 20.99%02

3. Standard conditions are defined as 60 F, 14.696 psia, Norm conditions are defined as 0 C, 1.103 bar

4. Al ppm values are based on CH4 casbration gas.

5. The CTG pertormance and emissions are based on runs provided by GE dated 2/25/2010

6. The natural gas used [n estimates contains 2.25 grains/100 SCF of sulfur content.

7. The VOC/UHC ratio is base on CTG performance data provided by GE dated 2/25/2010

8. Ettect of SCR and CO catalyst are included.

S. The front hatf catch of particutate emissions Is assumed to be hatf the amount of the front and back half cateh,

10. Where manufacturer data of ivh of polutant emissions were avallable, the greater of the manufacturer's estimate and B&V's estimale was used in the summary table, i.e. the B&V estimates were adjusted, where appiicable.
11. The estimated oxidation of SO2 in CTG is based on performance data provided by GE. The SO2 - SO3 conversion in the CO catalyst is assumed to bs 60%.
12. The CO catalyst was designed to reduce the CO Stack emissions by 50% for all operating scenarios. While there was no VOC reduction.

13. The SCR was designed to reduce the NOx stack emissicns to 2.5 ppmvd @ 15%02 for natural gas

14. Tempering air mass flowrate 1o Em#t stack exit 10 800F for all cases, with a minimum afowable fiowrate of 13,500 /.

15. Tempering air has been assumed 10 not contribute to stack emissions.

ADDITIONAL CALCULATIONS MADE BY URS USING ABOVE DATA

informa ¢ B valye
Stack Flow, sctm(dry) @ 7% 02
PM10, graing/dsct @ 7% 02

b NOXMWhr

b SO2MWhr

1,189,296
0.0039
0.09
0.04

952,522

0.0040
0.08
0.04

825,805
0.0039
012
0.05

1,152,532
0.0037
0.09
0.04

962,746 841,115
0.0038 0.0037
0.10 0.2
0.04 0.05

1,134,170 969,887
0.0036 0.0036
0.09 0.10

0.04 0.04

863,533

0.0036
0.12
0.05

Max PM10 gr/dsci 0.0040
Max b NOXMWhr 012
Max b SO2/MWhr 0.05
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Fiename: 165510 PSE SC 7FA 05 Distitate Emissions Summary - Client.ds

Case Number o
CTG Model
CTG Fuel Type Distilat Distilate Distliate|
CTG Load 75 9
CTG tniet Air Cooling
CTG Steam/Waer injection Wais! Wate Wi
Ambient Temperaiure, F 7 51
HRSG Duct Firing Unfi
Fuel Suitur Content (graing/100 standard cublc feel) N/ N/ e
Amblem Conditions.
Ambient Temperature, F 514 51, 881 88, 88,
Ambient Relative Humicity, % 75. 75. 0. 30,4 30, a
At ric Pressure, psii 14.680 14.680 14.680 14.680 14.680
____Atmospheric Pressure. psia____ Loy 2] S50
Combustlon Turbine Performance
CTG Pertomanca Reference g} qu a_&{ e G oe| = | of GEJ
| —_CTG et s Conatoning Eriectiveness, % of o of 0 0 0 0 0 0
CTG Compressor inlet Dry Bulo Temperature, F 7.0 7. 7 51.00 510 51.0) 88
[oac} Inlet Relative L% 40.5] 40 40. 751 751 75.1 30.
Inlet Loss, In. H20 40 40 40 40 40 40 40 40 40
Exhaust Loss, in. H20 100 6.8 5.3 102 66 48 9.9 6.3 43
| CTGLoad Level [parcent of Base Load) 100%) 75%) £ | 100%) 75%] i | 100%4 7% ol
Gross CTG Output, kW 222,100 166,600 111,000 220,600 165,400 110,300 207,400 155,600 103,700
Gross CTG Heat Rats, BwkWh [LHV) 9,520 10245] 11,765 9,585 10,255 11,910 9,795 10,545 12270
Gross CTG Heat Rate, BtwkWh (HHV} 10,137 10,909 12,528 10.206 10,820 12,682 10,430 11,228 13,065
CTG Heat MBiwh 21144 1,706.8 1,305.9 21145 1,6896.2 13137 2,031.5 1,640.8 12724
CTG Heat nput, MBiwh (HHV) 22514 18175 1,300.8 22515 1,806.1 1,398.8 2,163.2 17472 1,354.9
| cvG water/Steam Flow, b 151,693 109,707 68,843 156,937 12,247 74,634 157,998 114,058 76,429
Injection Fuid/Fuel Ratio 13 12 1.0 14 1.2 1.0 14 1.3 11
CTG Exhaust Flow, b/ 4,109,000 3,366,000 3,022,000 4,137,000 3,284,000 2,800,000 4,065,000 194,000 2,626,000
CTG Exhaust Temperature, F 1,080 1,12 1,042 1,101 1,158 1,148 113 1,186 1,214
Total CYG Fuel Flow, vh 115,160 | 92,960 71,130 115,170 92,380
CTG Fuel Temperature, F 77 kel kad had hed
CTG Fuet LHV, B 18,360 18.960 18,360 18,360 18,360 18,360 18,360 18,360 18,360
CTG Fue) HHV, Btuib 19,650 19,550 19,550 18,550 19,550 19,550 19,550 19,550 19,550
HHVILHV Ratio 1.0848 1.0648 1.0848 1.0648 1,0648 1.0648 1.0648 1.0848 1.0648
CTG Fuel Com) e Anal
A [ 04 0
c 87.1 87.16 87.16
H2 12.81 12.81 12.81
N2 0.02% 0 0.
o2 0.01 0.01 0.0f
s 0.001 0.001 0,001
Total 100, 100 100
Fuel Sultur Contant (grains/100 standard cubic feet) N/ N
Combustion Turbine Exhaust
. — - — - =gy o
. CTG Exhaust Basle - e =
A 0.90%]
co2 5.77%]
H20 10.95%]
N2 71.46%) 7_\_4
o] 10.92%]
S02, (atter SO2 oxdation) 0.00003% 0.00003%} 0.00003%}
503, (atter SO2 oxidation) 0.00000%) 0.00000%} 0.00000%]
Totat 100.0%] 100.0%] 100.0%)
Molecuar Wt. i/mol 28.39 28.46 28.62 28.28 28.35 28.47 28.23 28.28 28.39
Specific Volume, 131 3869 39.70 37.86 39.34 40.99 40.79 39.75 41.88 4264
Specific Volume, sctib 1337 13.33 13.26 13.41 13.38 1333 13.44 1342 13.36
Exhaust Gas Flow, actm 2,649,620 2,227,170 1,906,882 2712499 2,243,519 1,903,533 2,693,063 2229412 1,866,211
Exhaust Gas Flow, sctm 915,622 747,813 667,862 924,620 732,332 622,067 910,560 714,391 584,723
NOx Massfiow Added to Match CTG Manufacturer's NOx Emissions Estimate, lbh 743 2.98 017 1.40 an 0.15
Additonal Percent Margin inchuded in mass based NOx Emissions below o%f 0%} o%] 0% 0%
NOw, ppmvd (dry, 15% 02) 42.00 4200 42.00 42,00 42.00 42.00 4200 42.00 42.00
NOx, ppmvd (dry) 61.19 59.96 50.13 61.16 6159 §5.19 59.95 61.51 57.40
NOx, ppmvw (wet) 54.49 53.83 46.13 53.93 5461 49.82 5262 54.20 51.31
NOx, b as NO2 3703 2959 2243 3703 284.1 2256 385.9 2845 2185
NOx. (YMBtu (LHV} 0.1751 0.1734 0.1718 0.1751 0.1734 0.4717 0.1752 0.1734 0177
NOx, t/MBtu (HHV) 0.1645 0.1828 0.1613 0.1645 0.1628 0.1613 0.1845 0.1628 0.1613
" CTGCOEm! MNRM— ﬂs-mmn;- il [ -~ A === i o ] ST e
CO Massflow Added to Match CTG Manufacturer's CO Emissions Estimate, ivh 0.00 0.00 0.00 0.00
Additional Percent Margin includad in mass based CO Emissions below 0% 0% 0% o%)
CO, ppmvd (dry, 15% O2 16.10 16.10 16.10 16.10 18.40 16.10 16.10 16.10 16.10
CO, pomvd (dry} 2348 22.98 19.22 2345 2361 2116 2298 2358 22.00
CO, ppmvw (we) 2089 2083 17.68 2067 20.94 19.10 20.17 20.78 19.67
CO, bh 847 68.4 S44 847 67.9 526 814 657 51.0
CO, /MBtu (LHV} 0.040% 0.0401 0.0417 0,041 0.0401 0.0401 0.0401 0.0401 0.040%
CO, BVMBtu (HHV) 0.0376 0.0376 0,039 0.0376 0.0376 0.0376 0.0376 0.0376 0.0376

_CTG 602 Emissions (After $02 Oxidstion, Without Post Combustion Emissions
| S02 massflow (i) added to match CTG manufacturer's vh SO2 emissions estimate

Additional Percent Margin included in I/ SO2 Emissions below [X
Assumed SO2 oxidation rate In CTG, voi%e 6.‘1)3
502, wvd 15% O2] 0.2695 0.26857 0.2726 0.2695 0.2657 0.2726 0.2690 0.2648 0.2726
502, ppmvd {dry) 0.3927 0.3793 0.3254 0.3925 0.3896 0.3582 0.3839 0.3879 0.3725
S02, ppmvw (wet) 0.3497 0.3405 0.2954 0.3451 0.3455 0.3233 0.3370 0.3418 0.3330
S02. bh 3.2424 2.5798 2.0253 3.2427 2.5637 20373 3.1091 24725 1.9732
| S02 iMBtu (LHV) 0.0015 0.0015 0.0016 0.0015 0.0015 0.0016 0.0015 0.001s 0.0016
| S02, tvMBHu (HHV) 0.0014 0.0014 0.0015 0.0014 0.0014 0.0015 0.0014 0.0014 0.0015
_— o - —
UHC massflow (ivh) added 1o match CTG manufacturer's ivh CO emissions estimate 0.00 0.00 0.26 0.00 .00 0.00 o@]
| Addiional Percent Margin included in ivh UHC Emissions Below LY | 0.0%) X | 0.0%) 00%| 00%| e |
UHC, vd {dry, 15% O2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2
UHC, vd {d 8.0 89 7.4 8.0 LA 8.1 8.8 21 8.5
UHC, ppmvw (wet) 8.0 79 8.8 8.0 8.1 7.4 78 8.0 76
UHC. toh as CH4. 18.7 151 118 18.7 15.0 1.6 179 145 11.2
UHC, &/MBtu as CH4 (LHV) 0.0088 0.0088 0.0090 0.0088 0.0088 0.0088 0.0088 0.0088 0.0088
UHC, b/MBtu as CH4 [HHV] 0.0083 0.0083 0.0085 0.0083 0.0083 0.0083 0.0083 0.0083 0.0083
f mm&mmmmnw—m HE AR T 15 i A, Tkt SO T WAy g T % AR i3
VOC Massflow added to metch CTG manufacturer's Rvh VOC emissions estimate 0.00 013 0.00 0.00 0.00 0.00
Additional parcent margin inchuded In lofh VOC emissions below mgl o'/_.l 051 o%) o%) os_ul o)
| VOC percentage of UHC S0%] 5';*1 5&! S0%] 50%; S0%]
VoC vd 15% O2] a1 31 3.1 31 31 kA 31 31
VOC, ppmvd {dry) 45 44 37 45 45 4.1 44 45
VOC, ppmvw (wet] 4.0 40 3.4 4.0 40 37 39 4.0
VOC, b/h as CH4 93 7.5 59 9.3 15 58 9.0 7.2
VOC, Ib/MBtu as CH4. 0.0044 0.0044 0.0045 0.0044 0.0044 0.0044 0.0044 0.0044
VOC, &VMBtu as CH4 {HHV) 0.0041 0.0041 0.0042 0.0041 0.0041 0.0041 0.0041 0.0041
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Filename: 185510 PSE SC 7FA 05 Distitate Emissions Summary - Cllent.xs
Casa Number 2 4 5f 7] E
CTG Mode cereacs] serr L | GETFADS ceTe (=0 cereacs]
CTG Fuel Type Distilate| Distitated Distitates Distilate Distilate; Distifate Distitiate} Distitatey
CTG Load 75% 504 100r% 75%4 S0% 100% 75% 50
CTG Inie1 Alr Cooling o) O] o O] [y O} O O
CTG Steam/Waiar Injection Water| Water] Wate: Water] Wate: Water| Waten Watei|
Ambient Temperaiure, F T 7 7 51 51 51 B Ba 88
HRSG Duct Fising Unfired Unfired| Unfirnc Unfirc Unfired} Unired Unfired] Unfired} Unfired]
Fuel Suttur Content (grains/100 standard cubic Ll L NAY L /A N/i N/J L N/AS /A
___CTG P10 Emissions {without the Effects of 502 Owidation) = X o T x
Percent margin included in PM10 emissions below x| 0% 0% 1y | 0% % %l % g#
PM10 Emisslons - Front Half Catch Only
PM10, Ib/h 170 17.0 17.0 17.0 17.0 17.0 17.0 17.6 17.0
PM10, BVMBtU {LHV) 0.0080 0.0100 0.0130 0.0080 0.0100 0.0128 0.0084 0.0104 0.0134
PM10, BYMBtu {HHV) 0.0076 0.0094 0.0122 0.0076 0.0094 0.0122 0.0079 0.0097 0.0125 |
PM10 Emissions - Front and Back Half Catch
PM10, /b 34.0 34.0 340 4.0 34.0 34.0 34.0 340 34.0
PM10, RYMBtu (LHV) 0.0161 0.0198 0.0260 0.0161 0.0200 0.0259 0.0167 0.0207 0.0267
PM10, lo/MBtu {(HHV) 0.0151 0.0187 0.0245 0.0151 0.0188 0.0243 0.0157 0.0185 0.0251
02 m i e 3
€02, e 367 295,067 228 285 221
€02, R¥MBtY (LHV) 174. 1744 174 174 174
€02, /MBtu (HHV} 163. ! 163.4] 183. 183. ]_ 163 45
Stack Emissions
= mm&-mu-wu Y =,
Ar 0.92% 0.93%]
€02 377 3.47%]
H20 2.7 6.71%]
N2 73.3413 73.98
02 14.31 15.91_:1
SO02 (after SO2 oxidation) 0.00001 0.00001
S03 (after SO2 oxidation) 0.0000: 0.00001
Total 100.0%] 100.
Stack Exit Temperature, F 800; 7
Stack Diameter, ft (estimated) 23.0 23.0 230 230 23.0 230
Stack Flow, lb/h 5,774.998 4,882,999 4,060,999 8,045,998 5,078,999 4,280,999 6,118,998 5,189,999 4,375,999
Stack Flow, sctm 1,279,163 1.079.143 894,774 1,343,220 1,125,845 946,101 1,361,478 1,152,180 968,555
Stack Flow, actm 3,103,100 2,618,102 2,169,251 3,258,794 2,730.809 2,295,330 3,302,220 2794815 2,345912
Stack Exit Velocity, tt's 124.0 105.0 87.0 131.0 110.0 920 13290 1120 94.0
Mmammnmum&' Reduction (SCA)_ | ] ] S = v 2R
NOx, ppmvd (dry, 15% 02) 420 420 420 420 420 420 42.0 420 420
NOx,_ppmvd {dry} 423 40.2 36.6 40.6 38.5 351 38.5 36.5 333
NOx, ppmvw {wet) 39.0 373 4.4 371 355 327 352 336 3.0
NOx, Ib/h as NO2 (includes corvection adder} 3703 295.9 2243 3703 2941 2256 355.9 2845 2185
NOx, b/MBty (LHV) as NO2 0.1751 01734 0.1718 0.1751 01734 01717 0.1752 0.1734 0.3737
NOx. b/MBtu (HHV) as NO2 0.1645 0.1628 0.1613 0.1645 0.1628 0.1613 0.1645 0.1628 0.1613
__ Steck NOx Emissions with the Effacts of Seective Catalytic Reduction (BCR) 2 " = i 2 hII=0
NOx, ppmvd (dry, 15% 02) 5.0 50 5.0 5.0 50 50 5.0 50 50
NOx, ppmvd {dry} 5.0 48 44 48 46 42 46 43 4.0
NOx, ppmvw (wet) 46 44 4.1 44 42 39 4.2 4.0 37
NOx, bvh as NO2 (includes NOx margin applied to CTG) 44.1 352 267 4.1 350 269 424 339 26.0
NOx, b/MBtu (LHV) as NO2 0.0208 0.0206 0.0204 0.0208 0.0206 0.0204 0.0209 0.0206 0.0204
NOx, b/MBtu (HHV) as NO2 0.0196 0.0194 0.0192 0.0196 0.0194 0.0192 0.0196 0.0194 0.0192
SCR NH3 slip, ppmvd {dry, 15% O2) 100 100 100 100 10.0 100 100 100 100
SCR NH3 sfip, ibh R0 258 198 320 257 19.9 0.7 248 19.2
___Stack CO Emlssions without the Effacts of Catalytic Reduction WS SRS =y =
CO, pprmvd (dry, 15% O2) 16.1 161 6.1 6.1 161 161 181 16.1
CO, ppmvd (dry) 16.2 15.4 140 155 14.8 135 148 140 128
CO, ppmvw {wet] 14.9 143 13.2 142 136 128 135 129 1.9
CO. o s CO correction as aj 1o CTG and margin) 84.7 68.4 54.4 84.7 67.9 526 81.4 85.7 51.0
CO, bMBtu (LHV) 0.0401 0.0401 0.0417 0.0401 0.0401 0.0401 0.0401 0.0401 0.0401
CO, B/MBu {HHV) 0.0376 0.0376 0.0381 0.0376 0.0376 0.0376 0.0376 0.0376 0.0376
___ Stack CO Emlesions mumaﬁg ytic Reduction {CO Catalyst) 3 == 3 F ] ST o=
CO, ppmvd (dry, 15% O2) 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
CO, ppmvd (dry) 8.1 27 70 78 7.4 (X4 74 7.0 64
CO, ppmvw (wet) 7.5 7.2 6.6 7.1 6.8 6.3 6.7 6.4 59
CG, b/ (includes CO margin aj 10 CTG] 423 342 272 423 340 263 407 329 255
CO, b/MBty {LHV) 0.0200 0.0200 0.0208 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200
CO, b/MBtu {(HHV) 0.0188 0.0188 0.01%6 0.0188 0.0188 0.0188 0.0188 0.0188 0.0188
Stack 502 Emissions without the Extects of $02 Scrubiber, without S02 Oxidation Z = z S
Assumed SO2 oxidation rate in CYG, voi% 0 0. 0. 0.0% 0 X X
Assumed SO2 oxidation rate in CO Catalyst, vol% (X 0 @ 0.0% 0 0. 0.
Assumed SO2 oxidation rate in SCR, vo% 0 (X 0.0% 0.0% 0 0. [X
S02, ppmvd {dry, 15% 02) 0.2889 0.2870 0.2869 0.2869 0.2870 0.2868 0.2869 0.2889 0.2869
502, ppmvd (dry) 0.4180 0.4096 0.3425 0.4178 0.4208 93171 0.4095 0.4202 0.3921
S02 vw (wet 0.3723 0.3677 0.3152 0.3684 0.3731 0.3403 0.3595 0.3703 0.3505
$02, bh 3.4516 2.7862 21319 3.4519 2.7688 2.1445 3.3164 2.6785 20771
S02, /MBtu (LHV) 0.0016 0.0016 0.0017 0.0016 0.0016 0.0017 0.0016 0.0018 0.0017
502, bMBtu (HHV) 0.0015 0.0015 0.0018 0.0015 0.0015 0.0016 0.0015 0.0015 0.0018
Stack 502 Emlssions without the Effects of 802 Scrubber, sfter 502 Oxidation . = i
Assumed SO2 oxidation rate in CO Catatyst, voft 60.0%} 60 60.0%]
Assumed SO2 oxdation rate in SCR, voi% 3.0%] 3 3.0%
502, ppmvd (dry, 15% O2) 0.11
$02, ppmvd (dry) 0.08
S02, vw (wet] 0.09
802, bh 078
$02, MBtu (LHV)
502, tyMBw (HHV)
Stack UHC Emissions 1 =
| UHC, pomvd (dry, 15% O2) 6.2
UHC, ppmvd 54
UHC, ppmvw 5.1 .
| UHC, Ivh as CH4 (includes carrection adder) 18 17.8 14.5 1.2
UHC, t/MBtu (LHV) 0.0090 0.0088 0.0088 0.0088
UHC, i/MBtu (HHV) 0.0085 0.0083 0.0083 0.0083
Stack VOC Bmissions without the Effect of Oxidation in & CO 2 i
VOC, ivd (dry, 15% O2] a 31 31 3.1 3 31 31
VOC, ppmvd (dry) 31 30 27 3.0 28 26 28
VOC, ppmvw {wet) 29 28 25 27 28 24 28
VOC, ib/h as CH4 (includes correction adder) 9.3 75 59 93 15 58 9.0
VOC, b/MBtu (LHV) 0.0044 0.0044 0.0045 0.0044 0.0044 0.0044 0.0044
VOC, b/MBtu (HHV) 0.0041 0.0041 0.0042 0.0041 0.0041 0.0041 0.0041 0.0041 0.0041
Stack VOC Emissions with the Effects of s Raduction = 5
] VOC, ppmvd (dry, 15% 02) 31 3.1 34 3 31 3 31
VOC, ppmvd {dry) 31 30 27 30 28 26 28
VOC, ppmvw (wet) 29 28 25 27 28 24 28
VOC, b as CH4 VOC correction as 3 10 CTG] 53 75 5.9 83 75 58 80
VOC, /MBIty (LHV) 0.0044 0.0044 0.0045 0.0044 0.0044 0.0044 0.0044
VOC, Ib/MBtu (HHV) 0.0041 0.0041 0.0042 0.0041 0.0041 0.0041 0.0041 0.0041 0.0041
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Filename: 165510 PSE SC 7FA 05 Distifate Emissions Summary - Clent.ds

Case Number -

CTG Model = i

CTG Fuel Type Distitate; Distiflate
CTG Load 75%

CTG Intet Air Cooling m

CTG Steam/Water Injection Water] Watal
Amblent Temperature, F 7

HRSG Duct Firing Unfired]

Fuel Sutur Contant (grains/100 standard cubic feet) N/A N

__ PO withous the EMects of S02oxidation WY ME ey FREETRSr | BTN 7 AN I A E R INNEROCRE AT
PM10 - Front Half Catch Only
PM10, b 17.0 17.0 1.0 170 170 17.0 17.0 12.0 170
PM10, iyMBtu {LHV) 0.0080 00100 00130 0.0080 00100 00129 | 00084 00104 00134
PM10, vMBtu {H 00076 00094 00122 0.0076 00084 00122 0.0078 0.0097 00125 |

PM10 Emissions - Front end Back Half Catch

PM10. 340 30 340 340 40 340 340
PM10, BVMBlu (LHV) 0.0260 00161 00200 00259 00167 0.0207 00267
PM10, Ib/MBHy (HHY) 0.0245 00151 00188 00243 00157 00195 00251

___ P10 with the Effects of 502 Oxidation (Includes (NHER-(B04]] AT =l = : e A AT D R oS [ a e SN Y TR SR R
PM10 Emissions - Front Half Catch Only —

PM10, vh 215 207 198 215 207 198 214 205 197

PM10, VMBI (LHV) 00102 00121 00151 00102 00122 00151 00105 00125 00155

PM10, VMBI (HHV) 0,009 00114 00142 00096 00114 00141 0.0099 00118 00145 |

PM10 Emissions - Front and Back Half Catch

PMID, thh 377 36.8 3.7
PM10, t/MBtu (LHV) 0.0222 0.0280 0.0288
PM10, /MBtu 0.0209 0.0263 0.0271

| TotalEftectsof 6020xidation e B SLERted : faled [Easn SR R

Total SO2 to SO3 conversion rate, %vol 64.1 63.1 63.1
Total Amount of SO2 convented to 503 ivh E . 5 1.77 135 131
Maximum Stack Ammonium Sulfate [{(NH4)2-{SO4}] {assuming 100% conversion from S03, ﬁ 452 3.68 278 453 3.66 279 271
Maximum Stack H2504 (assuming 100% conversion from SO3 to H2S04), I/ l 3.3 273 2.06 3.36 272 2.07 201

1S

TR

163.4}

Post Ci Control

| Catabyttc ComversionnCOCatalyst
CO removed in CO Catalyst, %wt
CO removed in CO Catalyst, ih
VOC removed in CO Catalys), %ewt
VOC removed in CO Cal . Ibh
___Salective Cataiytic Reduction {SCR)
| NOxRemoved in SCR, %ont

NOx removed in SCR, l/h

Ammonia Sip, Ibh

1. EMISSIONS ARE PRELIMINARY. NO GUARANTEES APPLY. NO MARGINS APPLIED.

2. The dry alr composttion used is 0.98% Ar, 78.03% N2 and 20.99%02

3. Standard conditions are defined as 60 F, 14.696 psia, Norm conditions are defined as 0 C, 1.103 bar

4. A ppm values are based on CH4 calibration gas.

5. The CTG performance and emisslons are based on runs provided by GE dated 2/25/2010

6. The distilale oll used In estimates contains 15 ppm by weight sufur content.

7. The VOC/UHC ratio is base on CTG performance data provided by GE dated 2/25/2010

8. Effect of SCR and CO catatyst are included.

9. The front hatf catch of particulate emissions is assumed 10 be hatf the amount of the front and back half catch,

10. Where manutacturer data of Ivh of polutant emissions were avaliable, the greater of the manufacturer's stimate and B&V's estimale was used in the summary table, i.e. the B&V estimates were adjusted, where applicable.
11. The estimated oxdation of SO2 in CTG is based on performance data provided by GE. The SO2 - SO3 conversion in the CO catalys! is assumed 10 be 60%.

12. Tha CO catalyst was designed to recuce the CO Stack emissions by 50% for al operating scenanios. Whie there was no VOC reduction.

13. Tha SCR was designed to reduce the NOx stack emissions to 5 ppmvd @ 15%0z2 for distillate od.

14. Tempering alr mass flowrate to fmit stack exit to 800F for a¥l cases, with a minimum allowable fiowrate of 13,500 R/hr,

15. Tempering alr has been assumed to not contribute to stack emissions.

16. The conceptual design does nol include a SO2 scrubber because SO2 scrubbers are not appicable to simpie cycls or combined cycie combustion turbine power generation faciites.
17. Editoria! only changes were made by J. M. Hurt on July 21, 2010.

ADDITIONAL CALCULATIONS MADE BY URS USING ABOVE DATA

nformatior dig emigs tate

Stack Flow, sctm(dry) @ 7% 02 1.092,696 925,025 770,528 1,138,341 957,475 807,548 1,148,461 975,328 822,640
PM10, grains/dsct @ 7% 02 0.0023 0.0026 0.0030 0.0022 0.0025 0.0029 0.0022 0.0025 0.0028
b NOXMWhr 0.20 0.21 0.24 020 021 0.24 020 0.22 0.25
b SOYMWhr 0.01 0.01 0.01 0.01 0.01 0.01 00 0.01 0.01
Max PM10 gr/dsct 0.0030

Max b NOXMWhr 025

Max Ib SO2/MWhr 0.01
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PSE FREDONIA

ATTACHMENT A-4
FGS EXPANSION PROJECT

06-Dec-10
Puget Sound Energy
PSE Permitting Support
Fredonia
Smh Cycle Emlsslons - GE 7FA.04 - NG - 2.25 wﬂnﬂlw scf Sultur, Revision 2

Case Number L) d

7|
CTG Model
CTG Fuel Type Natural Gas Natural Ga Natural Gas Natural Ga: Natural Gas Naturat Ga Natural Gas Natural Gas} Natural Ga:
CTG Load 100 75! 55 100 75" 100 75! 59
CTG Inlet Alr Cooling o] O O 0 0 o O 0 0
CYG Steam/Water injection Noj Noj Noj 0 Noj o} 0 o o
Ambient Temperature, F 7| 7] 51 51 51, es 88 88|
HRSG Duct Firing Untired| fired Infired] Unfired] fired] Unfired firad] fired od]
Fuel Sultur Content (grains/100 standard cubic feet 2.25] 2.25} 2.25] 2.2 2.2 2.2 2.2 2.2 2.
Amblent Conditions
Ambient Temperature, F 7.0 7. 1.9 51 51, 51, 88.0} 88. 88
Ambient Relative Humidity, % 40.0] 40.0] 40.0] 75 75. 754 30. 30, 30.
”’“2&"‘ Pressure, E 14.680 14.680 14.680 14.680 14.680 14.680 !Qﬁ 14.992 14.680
Combustion Turbine Performance
CYG Performance Reference 2 = | g [ G [ = | G |
CTG inlet Air Condttioning Effectiveness, % [] Q Q 9 ] ] ] [] ]
| CTG Compressor Iniet Dry Butb Temperature, F 79 79) 7. 51. 51 51.00 Ba.ol a&a
| CTG Compr. inet Relative Humidity, % 40.5} 40.; 40.! 75.1 75.1 75.1 0. 0.
Inlet Loss, in. H2O 40 40 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Exhaust Loss, in. H20 108 73 55 103 6.9 590 8.8 6.0 590
CTG Load Level (percent of Base Load) 100%] 75%] 55%) 1 75%] 53%) 100%) 75%] 59%
Gross CTG Output, kW 196,900 147,700 108,300 186,900 140,200 99,100 163,400 122,500 96,400
Gross CTG Heat Rate, BukWn (LHV) 8,825 9,605 11,055 8,955 9,695 11,405 9,225 10,188 11,395
Gross CTG Heat Rate, BiwkWh (HHV) 9,798 10,663 12,273 9,942 10,783 12,662 10,242 131,307 12,651
CTG Heat Input, MBtuh (LHV) 1.737.6 1.418.7 1,187.3 1,673.7 1,359.2 1,130.2 1,507.4 1.247.7 1,088.5
CTG Heat input, MBwh (HHV] 1.929.1 1,575.0 1,329.2 1.858.1 1.509.0 1,2548 1,673.5 1,385.2 1,2195
CTG Watsr/Steam Injection Flow, loh [] [] [] ] ] ] Q
injection Flui/Fuel Ratio 29 29 00 29 20 020 00 20 00
CTG Exhaust Flow, l/h 3,725,000 3,038,000 2,616,000 3,606,000 2,933,000 2,484,000 3,312,000 2,725,000 2,460,000
| CTG Exhaust Yemperature, F 1,082 1,118 1,165 1,118 1,150 1,204 1,147 1,194 1,215
Total CTG Fuel Flow, th 82,190 67,100 56,630 79,160 64,290 53,480 71,290 $9,010
CTG Fue! Temparature, F 7 77 7 77 77 77 77 77
CTG Fue! LHV, Btulb 21,143 21,143 21,143 21,143 21,143 21,143 21,143 21,143 21,143
CTG Fuel HHV, Btulb 23473 23473 23473 23473 23473 23473 23473 23473 23473
HHV/LHV Ratio 1.1102 1.1102 1.1102 1.1102 1.1102 1.1102 1.1102 1.1102 1.1102
CTG Fuel Composition (Uttimate Analysis by Weight)
Ar 0.00% 0. X [} 0.00%
o] 74.22%; 74, 74. 74.22%; 74.22%;
H2 24.51%) 2451 2451 24.51%) 24.51%}
N2 0.95%] O.SGﬂ 0.95% 0.95%] 0.95*
02 0.31%) 0.3 0.31%] 0.31%] 0.3
S 0.00758%] 0.00758ﬂ 0.00758° 0.007! O.%
Total 100.00% 100. 100. 100, 100
Fuel Suttur Content {graina/100 standard cubic feet) 2.25| 225} 225 2 225
Combustion Turbine Exhaust
- = e e 2 — = - — - =
CT0 Exhaust Analysls (Vohmmo Basle-Wet) =T d e B | R 1 T
A 0.94¢ 0.94¢ 0.93%] 0. 0. o
€02 3.88' 3.81 3.85%] 3.85 3. 3.2
H20 2.7 7.58% 8.49%) 8.48 8.7 8.5!
N2 74. 75.04%; 74.36 74.36 74.11 74.1
02 12.47%; 12.63%; 12.353 12.38° 12.4Gﬂ 12.61
S02, (after SO2 oxdation) 0.00014%} 0.000|4ﬂ 0.00014° 0.00014¢ 0.00014° 0.0001:
S03, (after SO2 oxidation) 0.00001 0.00001 0.00001 0.00001 0.00001g 0.00001
Total 100.@] 1oo.§l 100. 100, 100.%] 100,
Molacular Wt l/me! 28.47 28.47 28.48 28.39 28.39 28.40 28.35 28.36
Specific Volume, #1731 38.55 39.81 41.13 39.62 40.75 42.30 40.54 42.63
Specific Volume, sctb 13.32 13.32 13.32 13.37 13.37 13.36 13.38 13.38
Exhaust Gas Flow, actm 2,393,313 2015713 1,783,268 2,381,162 1,991,996 1,751,220 2,237,808 1,747,830
Exhaust Gas Flow, scfm 826,950 674.436 580,752 803,537 653,570 553,104 738,576 548,580
NOx Massflow Added to Match CTG Manufacturers NOx Emissions Estimate, o/ 0.30 0.00 0.00 0.30 0.00 0.00 0.28 0.00
Additonal Percent Margin inchuded in mass based NOx Emissions below fo | o%] 0% 0% oxf
NOx, ppmvd {dry, 15% O2) S.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00
NOx. ppmvd (dry) 1.23 11.25 11.01 11.24 11.22 11.00 11.03 11.10 10.81
NOx, ppmvw (wet] 10.37 10.38 10.17 10.28 10.27 10.08 10.07 10.13 9.88
NOx. i/ as NO2 62.7 50.9 43.0 0.4 48.8 406 544 448 394
NOx, i/MBtu {LHV) 0.0361 0.0358 0.0359 0.0361 0.0359 0.0359 0.0361 0.0359 0.0359
NOx, /MBtu {HHV) 0.0325 0.0323 0.0323 0.0325 0.0323 0.0323 0.0325 0.0323 0.0323
CO Massfiow Added to Match CTG Manufacturer's CO Emissions Estimate, kvh 0.00 0.00 0.00 0.00 0.06 0.00 0.02 0.00 0.01
Additional Percent Margin included in mass based CO Emissions beiow o%) ol | o | o%) o%) el | o] 0%}
O, vd (dry, 15% 02, 721 7.20 7.38 7.21 1.22 7.38 134 7.29 7.49
CO, pomvd {dry) 9.00 9.00 9.00 9.00 9.00 9.00 .00 9.00 9.00
CO, ppmvw (wet) 8.3 8.30 8.32 8.24 8.24 8.25 8.21 821 8.23
CO, bh 2.4 24.8 214 293 23.9 20.2 26.9 221 20.0
€O, b/MBt (LHV) 0.0175 0.0175 0.0179 0.0175 0.0176 0.0179 0.0178 0.0177 0.0182
CO, &MBtu (HHV) 0.0158 0.0158 0.0181 0.0158 0.0158 0.0161 0.0161 0.0180 0.0164
$02 massfiow (loh) added to match CTG manufacturer's itvh SO2 emissions astimate 0.00 0.00 0.00 0.00 0.00 0.00 . 1
Additional Percent Margin included in lvh SO2 Emissions balow 0. 0. 0.0% 0. 0. 0. (X 0.
Assumad SO2 oxidation rate in CTG, voi% 6.1 6. 6.2%) 6. 6. 6.1 [} 6.4
$S02, ppmvd (dry. 15% O2) 1.2108 12121 1.2095 1.2116 1.2088 1.2107 1.2080 1.2075 1.2084
502, ppmvd (dry) 1.5110 15147 1.4794 15128 1.5069 1.4801 1.4808 1.4898 1.4597
$02, vw (wet) 1.3944 1.3976 1.3873 1.3843 1.3790 1.3565 1.3516 1.3591 1.3270
S02, In 11.6854 9.5526 B.0447 11.2648 9.1275 7.6018 10.1142 8.3684 7.373%
$S02, IbMBtu (LHV) 0.0067 0.0067 0.0067 0.0067 0.0067 0.0067 0.0067 0.0067 0.0067
S02, MBtu (HHV) 0.0081 0.0081 0.0061 0.0061 0.0060 0.0061 0.0060 0.0060 0.0080
UHC massfiow (ivh) added to mateh CTG manufacturer's tbh CO emissions estimate 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Addtional Percent Margin included in b/h UHC Emissions Below (X 0.0%) 0. 0.0%) 0.0%] 0. 0.0%} 0.0%f
UHC, vd {dry. 15% O2 6.1 8.1 6.2 6.1 6.1 6.2 8.3 6.2 6.4
UHC, ppmvd (dry} 76 76 76 76 76 76 77 77 77
UHC, ppmvw (wet) 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 70
UHC, i/h as CH4 14.7 12.0 10.3 14.3 116 9.8 131 108 8.7
UHC. ib/MBiu as CH4 (LHV)} 0.0085 0.0084 0.0086 0.0085 0.0085 0.0087 0.0087 0.0087 0.0083
UHC, Ib/MBtu as CH4 (HHV) 0.0076 0.0076 0.0078 0.0077 0.0077 0.0078 0.0078 0.0078 0.0080
| VOC Massflow (lvh) added to match CTG manufacturer's lb/h VOC emissions estimate 0.00 0.00 0.04 0.00 0.00 0.04 0.00
Additional percent margin included in I/ VOC emissions below 0% 0‘&' 09_1 O%f O'EI o%d
VOC percentage of UHC 20%) 20% 20%) 200] 20%
VOC, ppmvd (dry, 15% O2} 1.2 1.2 1.2 1.2 1.2 1.2 13
VOC. ppmvd (dry) 15 15 15 15 15 15 15 15 15
VOC, ppmvw (wet) 14 14 14 14 14 14 1.4 14 14
VOC, vh as CH4 29 24 21 29 23 20 28 22 19
VOC, itMBiu as CH4 (LHV} 0.0017 0.0017 0.0017 0.0017 0.0017 0.0017 0.0017 0.0017 0.0018
VOC, 1VMBtu as CH4 (HHV) 0.0015 0.0015 0.0016 0.0015 0.0015 0.0016 0.0016 0.0016 0.0016
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PSE FREDONIA
FGS EXPANSION PROJECT

06-Dec-10

Puget Sound Energy

PSE Permitting Support

Fredonia

Simple Cycle - GE 7FA.04 - NG - 2.25 grains/100 scf Sulfur, Revislon 2

Case Number

CTG Mode!

CTG Fuel Type

CTG Load

CTG Inlet Air Cooling

CTG Steam/Water Injection
Ambient Tempearature, F
HRSG Duct Firing

Fuel Suttur Content (grains/100 standard cubic 1eet)

Natural Ga

Natural

F 'C‘I’GPIWE.'_'-M' : umawm‘-‘

Percent maigin included in PM10 emissions below

PMIO - Front Half Catch Only

PM10, Ih

108

10.3

10.1

106

10.3

101

104

10.2

PM10, lo/MBty (LHV)

0.0061

0.0073

0.0084

0.0063

0.0075

0.0088

0.0069

0.0081

PM10, In/MBtu {HHV)

0.0055

0.0065

0.0076

0.0057

0.0068

0.0080

0.0062

0.0073

PM10 - Front and Back Half Catch

PM10, lb/h

21.2

206

20.2

211

205

20.1

203

| PM10, Ib/MBtu (LHV)

0.0122

0.0145

0.0169

0.0126

0.0151

0.0178

0.0163

| PM10, Ib/MBtu (HHV)

0.0110

0.013%

0.0152

00114

0.0136

0.0160

0.0147

©02 Emissions

CO2. e

182,497,

174,

145,

002, v (i)

128.6)

1284

128

128.6}

CO2, iVMBiw {(HHV)

115.

115

115.

115.!

A 0.95
coz 26
H20 5.37%)
N2 75.90%}
02 15.09%)
$02 (after SO2 oxdation) 0.000040%}
503 {atter SO2 oxidation) 0.000070%{
Yotal 100.0%}
Stack Exit Temperature, F 800] 799
Stack Diameter, ft (estimated) 210 210 21.0 21.0 210 210 21.0 21.0 210
Stack Flow, i/ 5.214.994 4,416,995 3,976,996 5,329,995 4,476,99% 3,997,99% 5,128,995 4,428,99% 4,077,99%
Stack Flow, scfm 1,352,515 975.421 878,254 1,180,595 991,656 884,891 1,136,928 981,762 903,277
Stack Flow, acim 2,795.240 2,366,040 2,129,021 2,884,875 2,405,641 2,146,260 2,758,547 2,380,588 2,191,245
Stack Exit Velocity, s 1350 1140 102.0 138.0 160 103.0 133.0 1150 105.0
Stack NOx Emiesions wihout the Effects of Selective Car Reduction il fi i T
NOx, pprvd (dry, 15% 02) 90 9.0 9.0 90 9.0 5.0 90 90 90
NOx, ppmvd {dry) 79 78 74 74 72 6.7 7.0 8.7 6.4
NOx, ppmvw {wet) 74 7.2 6.7 70 68 6.3 65 63 60
NOx, itvh as NO2 (includes comection adder) 627 50.9 430 60.4 488 406 54.4 448 394
| NOx, R¥MBtu (LHV) as NO2 (incl. duct bumer fuel) 0.0361 0.0359 0.0359 0.0361 0.0359 0.0359 0.0361 0.0359 0.0359
NOx, B/MBtu (HHV) as NO2 (incl. duct bumer fuel 00325 0.0323 0.0323 0.0325 0.0323 0.0323 0.0325 0.0323 0.0323
NOx, pprvd {dry, 15% 02) 25 25 25 25 25 25 25 25 25
NOx, ppmvd [dry} 22 21 20 21 20 1.9 1.9 19 18
N vw (we) 2.1 20 19 1.9 1.8 18 18 17 17
I/ as NO2 s NOx margin appled to CTG 174 142 19 168 136 1.3 159 124 1.0
NOx, /MBtu (LHV) as NOZ2 (incl. duct bumer fuel) 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100
NOx, vMBtu (HHV) as NO2 (incl. duct bumer fuel) 0.00%0 0.0090 0.000 0.0090 0.0090 0.0090 0.0090 0.0080 0.0090
SCR NH3 slip, ppmvd (dry. 15% O2) 100 100 100 100 100 100 100 100 100
SCR NH3 slip, i 257 210 177 247 201 187 223 184 162
__ Stack CO Emissions without the Effects of Catalytic Reduction = o = 230
CO, pomvd (dry, 15% 02) 7.2 72 74 72 7.2 74 73 73 15
CO ppmvd(dry) 6.3 6.9 58 6.0 5.8 55 57 54 5.3
CO, ppmvw (wet) 6.0 57 55 5.8 54 5.2 53 5.1 5.0
€O, s CO correction as apphied to CTG and ma 304 248 214 29.3 239 202 269 221 2.0
CO. MBtu {LHV) (incl. duct bummer tuer) 00175 0.0175 0.0179 00175 0.0176 00178 0.0178 00177 0.0182
CO, VMBtu (HHV) (incl. duct bumer fuef) 0.0158 0.0158 0.0161 00158 0.0158 0.0161 0.0161 0.0160 0.0164
Stack CO Emissions wih the Effects of Catalytic c Recuction (CO Catalyst) By ¥ =
€O, ppmvd (dry, 15% 02) 38 38 39 38 39 39
€O, ppmvd {dry) 34 32 31 32 31 2.9
CO, pprmvw (wet 32 31 29 30 29 28 .
€O, b _(includes CO margin apphed to CTG) 182 132 1.4 156 127 108 143 18 107
CO, BVMBtu (LHV) {inc. duct burner fuel) 0.0083 0,0093 0.0095 0.0083 0.0094 0.0095 0.0085 0.0094 0.0097
CO, ®/MBtu (HHV) (incl. duct bumer fue) 0.0084 0.0084 0.0086 0,0084 0.0084 0.0086 0.0086 0.0085 0.0087
Stack $02 Emissions without the Effects of 502 Scrubber, without S02 Oxidstion i B Tl [ S e
Assumed SO2 oxdation rate in CTG, vo% Y [ 0.0%] X 04 o Y
Assumed SO2 oxidation rate in CO Catalyst, vor%e [ o 0.0%) o o X 0.0%}
Assumed 502 oxidation rate in SCR, vole e | 0. 0.0%) o o o 0.0%)
SO, ppmvd (dry, 15% 02} 1.2894 1.2894 1.2894 1.2894 1.2894 1.2894 1.2894 1.2895 1.2894
SO2, ppmvd (dry) 1.6094 16113 1.5771 1.8099 1.6074 1.5763 1.5807 1.5909 1.54%0
SO2, ppmvw (wet) 1.4852 1.4867 1.4576 1.4732 1.4709 14447 1.4427 1.4513 1.4159
SO2, bvh 12.4467 10.1815 85760 11.9679 9.7360 8.0959 10.7961 8.9364 7.8672
SO2, BVMBt (LHV) (in. duct bumer fuel) 0.0071 0.0071 0.0071 0.0071 0.007% 0.0071 0.0072 0.0072 0.0071
SO2, B/MBtu (HHV) {incl. duct bumer fuel) 0.0065 0.0065 0.0065 0.0065 0.0064 0.0065
Stack 502 Emissions without the Effects of $02 Scrubber, sfter 502 Oxidstion = ¥ = -
Assumed SO2 oxidation rate in CO Catalyst, volte 60.0%) 50.0%) 0.
Assumed SO2 oxidation rate in SCR, voi% 3.0%) 3.0% 3
$02, ppmvd (dry, 15% O2) 0.47 0.47 0.47 0.47
502, ppmvd (dry) 0.41 0.37
S02, ppmvw (wet) 0.39 0.35
502, bh 453 312
SO2, BVMBtu (LHV) (incl. duct bumer fue) 0.0026 0.0026
S02, /MBt (HHV) (in. duct bumar fuel) 00023
UHC, ppmvd (dry. 15% O2] 6.1 6.2 6.3
UHC, ppmvd 53 4.9 48
UHC, ppmvw. 5.0 46 X . 45
UHC, b/ as CH4 (inchudes correction adder) 14.7 103 143 1.6 98 131
UHC, /Bty (LHV) (inci, duct bumer fuel) 0.0085 0.0086 0.0085 0.0085 0.0087 0.0087
UHC, BYMBtu (HHV) (incl. duct bumer fuel) 0.0076 0.0078 0.0077 0.0077 0.0078 0.0078
" Stack VOC Emissions without the Effect of Ciddation In 8 CO i 2 o2 5 Gt ) AR 45 Y AR
VOC, ppmvd {dry, 15% 02) 1.2 1.2 1.2 1.2 1.2 12 13 12 13
VOC, ppmvd (dry) 1.1 1.0 10 10 1.0 09 1.0 0.9 0.9
VOC, ppmvw (wet) 1.0 1.0 0.9 1.0 09 09 0.9 09 08
VOC, tvh as CH4_(includes correction adder) 29 24 21 29 23 20 26 22 1.9
VOC, BYMBtu (LHV) {incl. duct bumer tuet) 0.0017 0.0017 0.0018 0.0017 00017 0.0018 0.0017 0.0018 0.0018
VOC, I/MBtu (HHV) (incl. duct bumer tuei) 0.0015 0.0015 0.0016 0.0015 0.0015 0.0016 0.0018 0.0016 0.0016
__ Stack VOC Emissions with the Etfects of : Reduction ) = i f
voc, 15% 12 1.2 1.2 12 1.2 1.2 1.3 1.2 13
VOC, ppmvd (dry) 1.1 10 1.0 1.0 1.0 09 10 09 0.9
VOC, ppmvw (wet) 1.0 1.0 0.9 10 0.9 09 0.9 09 08
VOC, th as CH4 s VOC correction as applied to CTG 29 24 21 29 23 20 26 22 1.9
VOC, &MBtu (LHV) (incl. duct bumer fuel) 0.0017 00017 0.0018 00017 00017 0.0018 0.0017 0.0018 0.0018
VOC. RMBtu (HHV) (incl, duct bumer fuel) 0.0015 0.0015 0.0016 0.0015 0.0015 0.0016 00018 0.0018 0.0016
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Fredonia

Simple Cycle Emlssions - GE 7FA.04 - NG - 2.25 grains/100 scf Sutfur, Revision 2

Case Number 1 7
CTG Model
CTG Fuet Type Natural Natural Natural Ga: Natural Gas} Natura! Ga Naturat Natural Natural Natural
CTG Load bl 78" 55 100% 75! 1 75
CTG tnlet Air Cooling o
CTG Steam/Water injection Noj
Ambient Temperatura, F 7 7 51 51 51
HRSG Duct Firing Unfired
Fual Sulfur Content mralnshoo standard cubic "&‘.i 2. 2. 2 2.25] 2.2 2. 2 2. 2.
*?rmoaﬁﬁmamwwiﬂm'ﬁ s et T R S TR | s TR | e e RIS TGN | N Y i il
PM10 Emisslons - Front Half Catch Only
PM10, th 10.6 __103 10.1 106 103 101 104 _102 10.0
PM10, /MBtu (LHV) {incl. duct bumer tusi) 0.0061 0.0073 0.0084 0.0063 0.0076 0.0089 0.0069 0.0081 0.0091
PM10, /MB {HHV) (incl. duct bumer funf) 0.0055 0.0085 § 0.0078 0.0057 0.0068 0.0080 0.0062 0.0073 0.0082
PM10 Emisslons - Front and Back Half Catch
PM10, Ivh 21.2 208 20.2 211 205 20.1 208 20.3 200
PM10, RVMBtu (LHV) nci. duct bumer fuei) 0.0122 0.0145 0.0169 00126 0.0151 0.0178 0.0138 0.0163 0.0182
. 0.0114 0.0136 .0160 0.0124 0.0147 0.0184
RTINS ST T | N T L
PM10 Emisslons - Front Half Catch Only
PM1D, b/ 26.9 | 236 214 26.3 230 207 246 218 20.3
| PM10, IVMBru {LHV]) [incl. duct bumer fual) 0.0155 0.0166 0.0178 0.0157 00189 0.0183 0.0163 0.0175 00185
| PM10, yMBtu {HHV] (inci. duct bumer fuei) 0.0140 0.0150 0.0161 02.0141 0.0153 0.0165 0.0147 0.0158 0.0167
PM10 Emissions - Front and Back Half Catch
PM10, vh 375 33.9 315 368 333 0.7 35.0 320 0.3
PM10, /MBty duct bumer 0.0216 0.0239 0.0263 0.0220 0.0245 0.0272 0.0232 0.0257 0.0276 |
Total SO2 to SO3 conversion rate, %vol X 5 X 5% .6 . . . .
Total Amount of SO2 converted to 503, b 7.91 6.48 5.45 7.62 6.19 5.15 6.87 5.69 5.01
Maximum Stack Ammonkum Sutfate [(NH4)2-{SO4]] {assuming 100% conversion from SO3), ﬁ 16.32 13.32 11.25 15.71 12.78 10.62 1417 11.74 10.33
Maximum Stack H2S04 (assuming 100% conversion from SO3 to H2504), b 12.11 9.88 8.35 1168 S.48 7.88 10.52 8.71 7.66

Post C Control
ST RS TR R ST R AT i I L ISR N N A T e R AR R J T RN | SR SRS R RETeeSEn
€O removed in CO Catalyst, %wt 48. 46, 46. 46. 46. 46. 486, 46. 46.
€O removed in CO Catalyst, ibh 14.2] 13 10 13. n 9. 12 10.. 8.
VOC removed in CO Catalyst, %owt 0. 0. 9. 0. 0. 0. 04 0. 0.
| VOC removed in CO Cata! bh 0. 0. 0. 0. 0. 0. Q. 0.
e el 7 Y ST Pl e T W Ve N el TN | e, Y | R IV 5 | 3 ERIGE
72.; 72.2%] 72& 72.; 72. 72. 72. 72.
45.3 36.8 31.0 436 293 39.3 324 285
_257 210 177 247 167 223 184 162}
Notes:
1. EMISSIONS ARE PRELIMINARY. NO GUARANTEES APPLY. NO MARGINS APPLIED.
2. The dry alr composition used is 0.98% Ar, 78.03% N2 and 20.99%02
3. Standard conditions are defined as 60 F, 14.696 psia, Norm conditions ara dafined as 0 C, 1 103 bar
4. All ppm values are based on CH4 calibration gas.
5. The CTG performance and emisslons are based on runs provided by GE dated 7/15/2010
6. The natural gas used in estimales contains 2.25 grains/100 SCF of sutfur contant.
7. The VOC/UHC ratio Is base on CTG performance data provided by GE dated 7/15/2010
8. Effect of SCR and CO catalyst are included.
9. The front half catch of particulate emissions is assumed to ba half the amount ol the front and back half caich.
10. Where manufacturer data of i/ of poliutant emissions were avaitable, tha greater of the manufacturer's estimate and BAV's estimate was used in the summary table, l.e. the BAV estimates were adjusted, where applicabls.
11. The estimated oxidation of SO2 in CTG is basad on performance data provided by GE. The SO2 - SO3 conversion in the CO catalyst is assumed to be 60%.
12. The CO catalys! was designed to reduce the CO Stack emissions by 46.7% for all operating scenarios. White there was no VO reduction.
13. The SCR was designed 10 reduce the NOx stack emissions to 2.5 ppmvd @ 15%02 1or natural gas
14. Tempeting alr mass flowrale to kmit stack exit 0 BOOF for all cases, with a minimum allowable flowrate of 13,500 i/hr.
15. Tempering air has been assumed 10 nol contribute to stack emissions.
ADDITIONAL CALCULATIONS MADE BY URS USING ABOVE DATA
Information used 10 compare vakses with emission standards (federal, state, local. and NSPS):
b NOX/MWhr 0.09 0.10 on 0.09 0.10 on 0.09 0.10 on
o SO2/MwWhr 0.02 0.02 0.03 0.02 0.03 003 0.02 0.03 003
Max b NOYMWhr on
Max Iy SO2MWnr 0.03
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Simple Cycle Emlsslons - GE 7FA.04 - NG - 3.48 grains/100 scf Sulfur, Revision 2

Case Number 1 54
CTG Mode!
CTG Fuel Type Natural Natural Gas Natural Gas Natural Ga Natural Ga Naturat Natura) Gas Natural Gas Natural Ga
CTG Load 100 7 58! 100 75! 100 75 g
CTG tniet Air Cooting o 0 0 0 ot o o o o
CTG SteamWater injection No q 0 5 = H
Ambient Temperature, F 7 7 51 51 51 asf
Fuel Sutfur Content Qralnshoo standard cubic eet} 3.48) 3.48 3. 3,48 3.48] 3.48 3,48 3.48
Amblent Conditions
Ambient Temperature, F 2 7.9 74 51, 51 51, 88, 88 88.
Amblent Relative Humidty, % 40.0 40.0) 40, 754 75. 75, 30, 0. 30.3
Atmosghe peia |
ric Pressure. 14.&0 N.ﬁ 14.&0 14.@ 14,680 14.680 |4.& 14.680 14.&
Combustion Turbine Performance
CTG Performance Reference G_Fr e | = | e | al [ | | I |
CTG Inlet Air Conditloning Effectivensss, % [ [ [ [} [} 0 0 [ 0
CTG Compressor iniet Dry Bulb Temparature, F ? r0f 51.0 s1of s1.0 8s. 88,
CTG Comp. Iniet Relative Humdity, % 40, 405 75, 75.1 753 303 30.
Infet Loss, in. H2O 4.0 4.0 40 40 40 40 40 40 40
Exhaust Loss, in. H20 108 73 55 103 6.8 50 88 6.0 5.0
CTG Load Level {parcent ol Base Load] 100%4 75%) 55%} 1 75%} 100%4 75%] soo
Gross CTG Output, kW 196,900 147,700 108,300 186,900 140,200 99,100 163,400 122,500 96,400
Gross CTG Hea Rate, BtwkWh (LHV} 8,825 9,605 11,055 8,955 9,695 11,405 9225 10,185 11,395
Gross CTG Hea Rate, BwkWh (HHV) 9,798 10,664 12,273 9,942 10,763 12,662 10,242 11,307 12,661
CTG Heat Input, MBIWh (LHV) 1,737.6 14187 1,187.3 16737 13692 1,130.2 1,507.4 12477 1,098.5
CTG Hea lnput, MBtwh (HHV) 1,921 1,575.0 1,320.2 1,858.1 1.509.0 12548 16735 1,385.2 12195 |
CTG Water/Steam Flow, io/h 0 [ [ 0 o 1]
Injection Fluid/Fuel Ratio 0.0 0.0 00 00 0.0 00 0.0 00 0.0
CTG Exhaust Flow, bh 3,725,000 3,038,000 2,616,000 3,606.000 2,933,000 2,484,000 3,312,000 2,725,000 2,480,000
CTG Exhaust Temperature, F 1,082 1,119 1,185 1,118 1,150 1,204 1,147 1,194 1,215
| Cormbustion Turbine Puel #7171 T e T T Gl WSS e N !
Total CTG Fuel Flow, il 67.100
| CTG Fuel Temperature, F 77

CTG Fuel LHV, B 21,142 21,142 21,142 21,142 21,142 21,142 21,142 21,142 21,142
CYG Fuel HHV, Biub 23472 23472 23472 23472 23,472 23472 23472 23,472 A2

HHV/LHV Ratio 1.1102 1.1102 11102 1.1102 1.1102 11102 11102 1.1102 1.1102 |
CTG Fuel Com Usimate

A 0.00%] 0.00%] X 0 Y

c 74. 74.22%] 74. 74. 74,

H2 24.51 24.51%] 24.51 24.51

N2 0.95' 0.95%] 0.95' X

02 0.31 0.31%] 031 0.31

s 0.01171 001171 001171 001171

Total 100 1004 1004 100.
Fuel Suitur Contert (graing/100 standard cubic feet] 3.48 3.48) 3.48] 3,

Combustion Turbine Exhaust
___CTG Exhaust Anslysis (Volume Basle - Wet)
A
co2 3.88%)
H2O 7.72%]
N2 74.99%) 74.11 74.1 741
02 12.47%] 12.45° 12.41 1261
SO2, (aftar SO2 oxdation} 0.000 0.00021 0.00021 0.00021
503, (ater SO2 oxidation) 0.00001 0.00001 0.00001 0.00001
Total 1004 100 100. 100.0%] 100, 100.
Molecular Wt, imol 28.47 28.47 28.48 28.39 2839 2840 28.35 28.35 28.36
Spacific Volume, 1131 38.55 3981 4143 39.62 40.75 42.30 40.54 42.01 4263
Specific Volume, scto 13.32 1332 1332 13.37 13.37 13.36 13.38 13.38 13.38
Exhaust Gas Flow, acfm 2,393,313 2015713 1,793,268 2,381,162 1,991,996 1,751,220 2,237,808 1,907,954 1,747,830
Exhaust Gas Flow, scim 826,950 674,436 580,752 803,537 653,570 553,104 738,576 607,675 548,580
T T =[E 2 Sty 810 { ST

NOx Massfiow Added to Match CTG Manufacturer's NOx Emissions Estimate, ivh 0.31 000 0.00 0.00 0.00
Additonal Percent Margin included in mass based NOx Emissions below o 0% o |
NOx, ppmvd (dry, 15% 02) 9.00 9.00 9.00 9.00 9.00 9.00 9.00 .00 9.00
NOx, ppmvet (dry) 11.23 11.25 108 11.24 122 11.00 11.03 110 10.81
NOx, ppmvw {wat) 1037 10.38 10.47 10.28 1027 10.08 10.07 1013 9.88
NOx, ibh as NO2 627 509 430 60.4 488 406 544 448 394
NOx, YMBtu (LHV) 0.0361 0.0359 0.0359 0.0361 0.0359 0.0359 0.0361 0.0359 0.0359
NOx, /MBtu (HHV) 0.0325 0.0323 0.0323 00325 0.0323 0.0323 0.0325 0.0323 0.0323

| c7a 6O Emiestons (Without Post Combustion £ T e | [ ] = T B [ PTee e T S I |
CO Massflow Added 1o Match CTG Manutacturer's CO Emissions Estimate, 0.00 0.00 0.06 0.00 0.02 0.0
Addttional Parcent Margin included in mass based CO Emissions below ox4 0% o | o:_l 0%
€O, ppmvd (dry, 15% 02] 721 7.20 7.3% 721 7.22 7.36 7.34 7.29 7.49

| €O, ppmvd (dry) 9.00 9.00 9.00 .00 .00 9.00 9.00 .00 .00
CO, ppmvw (wet) 8.31 8.30 8.32 8.24 8.24 8.25 821 8.2 823
CO, b 304 248 214 29.3 239 202 269 221 200
€O, bMBty (LHV) 00175 0.0175 0.0179 00175 00176 0.0179 0.0178 00177 0.0182

| €O, BiMBtY (HHV) 0.0158 00158 0.0161 0.0158 0.0158 0.0161 0.0161 0.0160 0.0164

| S02 massflow (bvh) added to match CTG mamuacturer's ivh SO2 emissions estimate

| Additionat Percent Margin inchuded in tb/h SO2 Emissions below

Assumed SO2 oxidation rate in CTG, voi%

$02, vd {dry, 15% 02 1.8709 1.8734 1.8693 1.8726 1.8682 1.8669 1.8661 1.8676
$02, ppmvd (dry} 2.3352 2.3408 2.2864 2.3379 23288 2.28%0 2.3024 2.2441
$02, vw (wet) 2.1550 2.1800 21132 21383 21312 2.0892 2.1004 20512
$02, Ibh 18.0593 14.7631 12.4327 17.4092 14.1061 15.6332 12.9329 11.3970
S02, IMBlu (LHV) 0.0104 0.0104 0.0104 0.0104 0.0104 0.0104 0.0104 0.0104
S02, /MBty (HHV) 0.0084 0.0094 0.0094 0.0094 0.0093 0.0093 0.0083 0.0083
UHC masstiow (ivh) added to match CTG manufacturar's ivh CO emissions estimate 0.00 0.00

Addttional Percent Margin included in ib/h UHC Emissions Below 0. 0.0%4 0.0%]

UHC, ppmvd (dry, 15% O2) 6.1 6.1 6.2 6.1 6.1 8.2 6.3 6.2 6.4
UHC, ppmvd (dry) 76 76 76 76 76 7.6 7.7 7.7 .7
UHC, ppmvw (wet) 1.0 7.0 1.0 70 70 7.0 7.0 7.0 7.0
UHC, vh as CH4 147 120 103 14.3 116 9.8 131 10.8 9.7
UHC, /MBu as CH4 {LHV) 0.0085 0.0084 0.0088 0.0085 0.0085 0.0087 0.0087 0.0087 0.0088
UHC, t/MBtu as CH4 (HHV) 0.0076 0.0076 0.0078 0.0077 0.0077 0.0078 0.0078 0.0078 0.0080

| VOC Massfiow (ioh) added to match CTG manufacturer's ivh VOC emissions estimate 0.00 0.04 0.

Additional percent margin included in lvh VOC emissions below

VOC percentage of UHC

el =

VOC, ppmvd (dry, 15% 02} 12 13

VOC, ppmvd (dry) 1.5 1.5 1.5 1.5

VOC, pprmvw (wet) 14 1.4 1.4 1.4

VOC, b/ as CH4 29 2.4 21 1.9

VOC. b/MBtu as CH4 (LHV) 0.00%7 0.0017 0.00%7 0.0017 0.0017 0.0017 0.00%7 0.0017 0.0018

VOC, &/MBty as CH4 (HHV) 0.0015 0.0015 0.0016 0.0015 0.0015 0.0016 0.0016 0.0018 0.0016
Ad-13
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Case Number
CTG Mode!
CTG Fuel Type
CTG Load
CTG Indet Air Cooling
CTG Steam/Water injection
Ambient Temperature, F
HRSG Duct Fiing
Fuet Sulfur Content {grains/100 standard cubic feet)
|_cvG Pu10 Emlssions {without the Effects of $02 Oxidation)
Percent margin included in PM10 emissions below
PM10 Emissions - Front Half Catch Only
PM10, Ibh 10.6 103 10.1 106 10.3 101 10.4 10.2 100}
PM10, I/MBtu {LHV) 0.0061 0.0073 0.0084 0.0063 0.0075 0.0089 0.0069 | 0.0081 00091}
PM10, /MB (HHV) 0.0055 0.0065 0.0076 0.0057 0.0068 0.0080 0.0062_ 0.0073 0.0082 §
PM10 Emissions - Front and Back Half Catch
PMIO, Inh 21.2 206 0.2 211 20.5 201 208 203 200}
PM10, /MBI (L HV) 0.0122 0.0145 0.0169 0.0126 0.0151 00178 0.0138 0.0183 0.0@31
PM10, /MBty (HHV) 0.0110 0.0131 0.0152 0.0114 0.0136 0.0160 0.0124 0.0147 0.0%
_CO2 Emlesions T i R £ i ¥ i oy
CO2, hr 2235 182, 154,014 215, 174,84 1453 193,911 160,48 141,31
C02, IVMBtY (LHV) 128.4 128.¢ 128.6) 1281 128. 128. 128. 12811 128,
CO2, VMBtu (HHV) 5. 115! 115, 115 115, 115. 1\5.; 115. 11S.
Stack Emissions.
Stack Exhanugt - Vokane Basis - Wat FE== e B 7
A 0.95¢
co2 2.6
H20 5.3
N2 75.90%;
02 15.09%]
S02 {ater SO2 oxdation) 0.000060%
S03 (after SO2 oxdation 0.000100%]
Totat 100.0%]
Stack Exit Temperature, F 799
Stack Diameter, ft (estimated) 210 210 210 210 210
Stack Flow, ibh 5,214,991 4,416,933 3,976,994 5,329,992 4,476,993 5,128,992 4,428 954 4,077,994
Stack Flow, scim 1,152,515 975.421 877,591 1,180,595 991,656 1,136,928 981,762 903,277
Stack Flow, actm 2,795,240 2,366,040 2,129,021 2,864,875 2,405,641 2,758,547 2,380,588 2,191,245
Stack Exit Velocity, tVs 135.0 1140 1020 138.0 116.0 133.0 115.0 105.0
__Stack NOx Emtiesions without the Effects of Selactive Reduction g it e Eor e I LT
| NOx, ppmvd (dry, 15% O2) 9.0 9.0 9.0 90 90 290 90 9.0 90
NOx, ppmvd (dry) 7.9 76 7.1 74 7.2 6.7 7.0 6.7 6.4
NOx, ppmvw {wet) 74 7.2 6.7 70 6.8 6.3 6.5 6.3 6.0
| NOx, fo/h as NO2_(includes correction adder) 82.7 50.9 430 604 48.8 406 54.4 448 394
NOx, b/MBtu (LHV) as NO2 (incl. duct bumer fusl) 0.0361 0.0359 0.0359 0.0361 0.0359 0.0358 0.0361 0.0359 0.0359
NOx, l/MBtu (HHV) as NO2 (indl. duct bumer fuel) 0.0325 0.0323 0.0323 0.0325 0.0323 0.0323 0.0325 0.0323 0.0323
Stack NOx Emiseions with the Effects of Selective’ Recuction = i AN T2 Py
NOx, ppmvd {dry, 15% 02} 25 25 25 25 25 25
NOx, ppmvd (dry) 22 29 20 21 20 1.9
NOx, ppmvw {wet) 21 2.0 19 19 19 18 17 1.7
NOx, Ivh as NO2_{includes NOx margin applied to CTG}) 17.4 14.9 1. 16.8 136 113 15.1 12.4 1.0
NOx, VMBI (LHV) as NO2 (incl. duct bumer fuel) 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100
b/MBtu (HHV) as NO2 . duct bumer 0.0090 0.0090 0.0090 0.0090 0.0090 0.0090 0.0090 0.0090 0.0090
SCR NH3 slip, ppmvd (dry, 15% O2) 10.0 100 10.0 10.0 100 100 10.0 100 10.0
SCR NH3 skip, Ibh 257 210 177 247 201 16.7 23 18.4 16.2
_ Stack CO Emissions without the Effects of Catalytic Reduction = 5 e .
CO, ppmvd (dry, 15% 02) 7.2 7.2 14 7.2 72 7.3
CO, ppmvd (dry) 63 6.1 58 6.0 58 57
Co. vw (wet) 6.0 57 5.5 56 5.4 53
CO, b CO correction as af to CTG and margin] 304 248 214 29.3 239 269 221 200
€O, b/MBlu (LHV) (inct. duct bumer fuel) 0.0175 0.0175 0.0179 0.0175 0.0176 0.0179 0.0178 0.0177 0.0182
CO, ¥MBtu (HHV) (incl. duct burmer fuel 0.0158 0.0158 0.0161 0.0158 0.0158 0.0161 0.0161 0.0160 0.0184
Stack CO Emissions with the Effects of Cataiytic Reduction 2] k2 = = = = 2 2 T =T
(o] wd {dry, 15% O2] 3.8 33 38 38 39 39 40
€O, ppmvd (dry) 34 3.1 3.2 34 29 30 28
CO, ppmvw (wet) 3.2 23 30 29 2.8 28 27
CO, bh s CO margin aj o CTG) 16.2 13.2 14 156 127 10.8 143 1.8 107
€O, BMBu {LHV) (incl. duct bumer fuel) 0.0083 0.0033 0.0095 0.0083 0.0094 0.0095 0.0095 0.0094 0.0097
€O, b/MBtu (HHV) (inc). duct bumer fuef) 0.0084 0.0084 0.0086 0.0084 0.0086 0.0086 0.0085 0.0087
Stack 802 Emissions without the Effects of $02 Scrubiber, without 502 Oxidation WG s | [
Assumed SO2 oxidation rate in CTG, voi% 0. [ o.ﬁ 0. X 0. 0 0. 0.
Assumed SO2 oxidation rate in CO Catalyst, vol% 0. 0. Q. 0, [ 0. 0. 0. 0.
Assumed SO2 oxidation rate in SCR, vol% 0. 0. 0.0&' 0. 0. 0. X 0. 0.
$02, pomvd (dry, 15% O2) 1.9928 1.9928 1.9927 1.9928 1.9827 1.9827 1.9928 1.9928 |.ﬂ
$02, ppmvd (dry} 2.4873 2.4900 2.4374 2.4880 2.484% 2.4361 2.4433 2.4587 23945
S02, ppmvw (wet) 2.2854 2.2977 22528 2.2766 22733 2.2328 2.2300 2.2430 2.1887
S02, bh 15.2358 15.7042 13.2537 18.5267 15.0465 12,5118 16.6871 13.8107 12.1607
S02, bMBtu (LHV) (indl. duct bumer fuei) 0.0111 0.0111 0.1 0.0111 0.0111 0.0111 0.0111 0.0111 0.0111
S02, /MBtu {(HHV) (inci. duct bumer fuei) 0.0100 0.0100 0.0100 0.0100 0.0099 0.0100 0.0099 0.0099 0.0093
__ Stack 502 Emissions without the Eitects of 802 Scrubber, stier 802 Oxidation : i TR 250 _
| Assumed SO2 oxidation rate in CO Catalyst, voi% B0, 60. 60.0%] 60.0%] 60. 60.0%] 60. 60.
Assumed SO2 oxidation rate in SCR, voi% 3.0%) 3 3.0%) 3.0%; 3.% 3.0%; 3 ﬁ
| $S02, ppmvd (dry, 15% 02} 0.73 0.73 073 0.73 0.72 0.73 0.72 0.72 0.72
502, ppmvd (dry) 0.64 0.61 057 0.60 0.58 054 0.56 0.54 0.51
S02, W (wet] 0.60 0.58 0.56 0.54 0.51 0.53 0.50 0.48
502, bvh 7.0t 573 6.75
502, b/MBtu (LHV) (incl. duct bumer fual) 0.0040 0.0040 0.0040
| S02, b/MBty (HHV) (incl. duct burner fual) 0.0036 0.0036 0.0036
Stack UHC Emissions N R o e ol B SRy e
UHC, wvd {dry, 15% O2 6.1 6.1 6.2 6.1
UHC, ppmvd 53 5.1 4.9 5.1
UHC, ppmvw 50 48 46 48
UHC, lb/h as CH4 (inciudes corvection adder) 14.7 120 10.3 14.3 ,
UHC, RvMBty {(LHV) (incl. duct bumer fuef 0.0085 0.0084 0.0086 0.0085 0.0085 0.0087 0.0087 0.0087 0.0089
UHC, b/MBtu {HHV) (inci. duct bumer fuel) 0.0076 0.0076 0.0078 0.0077 0.0077 0.0078 0.0078 0.0078 0.0080
Stack VOC Emissions without the Effect of Guddstion In a CO L K i il e ks L= iR
VOC, ppmd {dry, 15% 02} 1.2 12 1.2 12 1.2 1.2 13 1.2 13
VOC, ppmvd {dry) 1.1 1.0 1.0 1.8 10 0.9 1.0 08 08
VOC, ppmvw (wet) 10 190 08 1.0 09 08 08 09 0.8
VOC, vh ag CH4 _(includes correction adder} 29 24 21 29 23 20 28 22 1.9
VOC, BYMBtu (LHV) {ncl. duct bumer fuei) 0.0017 0.0017 0.0018 0.0017 0.0017 0.0018 0.0017 0.0018 0.0018 §
VOC, VMBtu (HHV) (incl. duct bumer fuel) 0.0015 0.0015 0.0016 0.0015 0.0015 0.0016 0.0016 0.0016 0.0016
e
Stack VOC Emissions with the Effects of Reduction £ r A Y ) i) RE B
VoG, 15% 12 1.2 1.2 1.2 12 12 13 12
VOC. ppmvd (dry) 11 10 10 10 10 0.8 1.0 0.9
VOC, ppmvw {wet) 10 190 0.8 19 0.8 0.9 09 09
VOC, I as CH4 (inciudes VOC comection as applied to CTG 29 24 2.1 29 23 20 26 22
VOC, i/MBiu incl. duct burner fuel 0.0017 0.0017 0.0018 0.0017 0.0017 0.0018 0.0017 0.0018 0.0018
| VOC, b/MBHu (HHV) (inct. duct bumer fuef 0.0015 0.0015 0.0016 0.0015 0.0015 0.0016 0.0018 0.0016 0.0016
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Simple Cycle Emisslons - GE 7FA.04 - NG - 3.48 grains/100 scf Suffur, Revision 2

Case Number 1

CTG Model

CTG Fuel Type Natural Ga: Natural Natura! Natural
CTG Load 1 75 55! 1
CTG Inlet Alr Cooling
CTG Steam/Water Injection No|

Ambient Temperature, F 51
HRSG Duct Firing

Fuel Suitur Content (graing/100 standard cubic leet) 3. 3. 3. 3.

Natural Natural

51 51

Natural Ga: Natural Gai Natural
1 75*

T o SRR | e T A AR | §

PRTO without the Eftects of 802 axidetion v ToXa

AWOBONT | T

bR IR RE]

PM10 Emissions - Front Half Catch Only

PM10. bh 10.6 103 10.1 106

103 10.1

104 102 100

PM10, byMBtu {LHW] (incd. duct bumer fuel) 0.0061 0.0073 0.0084 0.0063

0.0075 0.0089

0.0069 0.0081 0.009%

PM10, KVMBY (HHV) (incl. duct bumer fusl) 00055 00085 00076 0.0057

0.0068 0.0080

0.0062 0.0073 0.0082

PM10 Emissions - Front and Back Halt Catch

PM10, bh 21.2 206 20.2 211

205 20.1

20.8 203 20.0

PM10, /MBtY m [incl. duct burner lual: 0.0122 0.0145 0.0169 0.0126
duct burner 0.0110 0.013% 0.0152 0.0114
chudive (M- ) e e e e

e AT WER T

0.0151 0.0178

0.0138 0.0163 0.0182

0.0136 0.0160

0.0124 0.0147 0.0164

PM10 Emiasions - Front Halt Catch Only

PM10, bh 35.8 30.9 275 348

30.0 26.5

323 283 280

PM10, /MBtY (LHV] (incd. duct bumer fusf) 0.0206 0.0218 0.0230 0.0208

PM10, &YMBtu (HHV] (incl. duct bumer fusl) 0.0186 0.0196 0.0207 0.0187

0.0221 0.0234

0.0214 0.0227 0.0236

0.0193 0.0211

00183 00204 00213

PM10 Emlissions - Fron1 and Back Half Catch

PM10, bh 45.4 41.2 376

Total SO2 to SO3 conversion rate, %vol

Total Amount of SO2 converted to 503, b 12.2 9.98 8.43 177

Maximum Stack Ammonium Sulfate [{NH4]2-{SO4]] (assuming 100% conversion from sos;,ﬂ 2523 20.58 17.39 24.28
Maximum Stack H2504 {assuming 100% conversion from SO3 to H2S04), i 18.72 15.27 129 18.02

CO2, o 182, 154,014]

CO2, IvMBty (LHV) 128 128.6}

CO2, BYMBtu [HHV) 115 115 115,

- COZ Ritlaslons 24 S TR b TR LB SR E ATRHES e
215
128,
115,

CO removed in CO Catalyst, %wt

CO remaved in CO Catalyst, h

VOC removed In CO Ca Sowt

VOC removed in CO Catatyst, vh
Selective J

NOx Removed in SCR, %wt

NOx removed in SCR, lvh 436

Ammonia Sip, 257 21.0 17.7 _247

Notes:
1. EMISSIONS ARE PRELIMINARY. NO GUARANTEES APPLY. NO MARGINS APPLIED.

2. The dry air composition used is 0.98% Ar, 78.03% N2 and 20.99%02

3. Standard conditions are defined as 60 F, 14.696 psia, Norm conditions are defined as 0 C, 1.103 bar

4. Al ppm values are based on CH4 caiibration gas.

S. The CTG performance and emissions are based on nuns provided by GE dated 7/15/2010

6. The natural gas used in estimales contains 2.25 grains/100 SCF of suifur content.

7. The VOCAUHC ratio Is base on CTG performance data provided by GE dated 7/15/2010

8. Effect of SCR and CO catalyst are included.

9. The front half calch of particulate emissions is assumed 10 be hall the amount of the front and back half catch.

11, The estimated oxdation of SO2 in CTG Is based on parformance data provided by GE. The SO2 - SO3 converslon in the CO catalyst is assumed 10 be 60%.
12. The CO catalyst was designed 1o reduce the CO Stack emisslons by 46.7% for all operating scenarios. Whie there was no VOC reduction.

13. The SCR was designed to reduce the NOx stack emissions 10 2.5 ppmvd @ 15%02 for natural gas

14. Tempering alr mass flowrate to kmit stack exit 10 BOOF for all cases, with a minimum allowabie flowrate of 13,500 fo/r.

15. Tempesing alr has been assumed 10 not contribute 10 stack emissions.

10. Whare manulacturer data of fvh of pofiutant emisslons were avaiabie, the greater of the manufacturer's estimate and B&V's estimate was used in the summary tabie, La. the B&V estimates were adjusted, where appiicable.

ADDITIONAL CALCULATIONS MADE BY URS USING ABOVE DATA

Stack Flow, scim(dry) @ 7% 02 996,328 842,746 757,641 1012718
PM10, grains/dsct @ 7% 02 0.0042 0.0043 0.0042 0.0040
b NOWMWhr 0.09 0.11 0.12 0.10
b SO2/MWhr 0.04 0.04 0.05 0.04

Max PM10 gr/dscf 0.0043
Max b NOx'MWhr 0.13
Max 1o SO2/MWhr 0.05

850,279 758,152
0.0041 0.0041
0.11 0.13
0.04 0.05

971,309 838,349 770,955
0.0039 0.0039 0.0039
0.10 on 013
0.04 0.05 0.05
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Simple Cyclo Emissions - GE 7FA.04 - Distillats, Revislon 2

Case Number
CTG Mode!
CTG Fuel Type
CTG Load
CTG Intet Alr Cooling
CTG Steam/Water Injection
Ambient Temperature, F
HRSG Duct Firng
Fuel Suitur Content §rains/100 standard cubic feet]

Amblent Conditions

Ambient Temparature, F 7. 1.0 74 51. 51.0] 51, 88, 88, 88
Ambient Relative Humidity, % 40. 40.0} 40, 75 75. 75. 30, 0. 30
Amospharic Pressure, psia 14,680 § 14.680 14.680 14.680 14.680 14.680 14.680 14.680 14.680 |

Combustion Turkine Performance

CTG Performance Reference (ﬂ Q tﬁ _@_ gd ﬁ q Gl ___GEj

CTG Inlet Alr Condifioning Effectivenass, % 0 0 0 0 0 ol o 0
CTG Comprassor iniet Dry Bulb Temperature, F 7] 7.0 51.g, 51.00 51.0§ 88 88, 88!
CTG Compe. Iniet Relative Humidity, % 40.5| 40. 75.1 75.9 75.1 0. 30 30.5
Iniet Loss, in. H2O 40 40 40 40 40 40 40 40 40
Exhaust Loss, in. H20 107 73 55 1.0 74 5.2 95 65 5.2
CTG Load Leve! {parcent of Base Load) 100 75%] 55%) 200% 75%)
Gross CTG Output, kW 196,900 147,700 | 108,300 196,900 147,700 104,400
Gross CTG Heat Rate, BtwkWh (LHV) 5,635 10,405 11,915 9,595 10,235 11,945 9,825 10,585 11,795
Gross CTG Heat Rate, BtwkWh [HHV) 10,259 11,079 12,687 10217 10,898 12,718 10,462 11,27 12,559
CTG Heat ingut, MBIwh (LHV) 1,897.1 1,536.8 1,290.4 1,889.3 1511.7 1,247.1 17528 14163 1,240.8
CTG Heat Ingut, MBI (HHV] 2,020.1 1.636.4 1,374.0 20117 1.609.7 1,327.8 1,866.4 1,508.1 13213
CTG Water/Steam ingaction Flow, i 132,966 98,375 78,303 134,021 96,192 74,954 128,756 53,214 77,643
Infection Fluid/Fuel Ratio 13 1.2 14 1.3 1.2 11 14 1.2 1.2
CTG Exhaust Flow, loh 3,709,000 3,085,000 2,606,000 3,761,000 3,058,000 527,000 3,459,000 2)852,000 2,526,000
CTG Exhaust Temparature, F 1,084 1,111 1,163 1,091 1,116 1,189 1,135 1,161 1,204
Total CTG Fuet Flow, lbh 103,330 83,700 70,280 102,800 82,340 67.920 95,470 77,140
CTG Fuel Temparature, F hed hed el el fed 77 ed jad
CTG Fuel LHV, Biwib 18,360 18,360 18,380 18,380 18,360 18,260 18,360 18,380 18,360
CTG Fuel HHV, Btulb 19,550 19,550 18,550 19,550 19,550 19,550 19,550 19,550 19,550
HHVAHV Ratio 1.0648 1.0648 1.0848 1.0648 1.0648 1.0648 1.0648 1.0848 1.0648
CTG Fuel Uttimate Walght
A 0.00%) 0.00% o. o. o. [ 0.
c 87.18 87.1 87.16 87.1 87,16 87.16 7.1
H2 12.a|a mna 12.81 12.81 12.81 12.81 1281
N2 0.0 [ 0 0 0 o 0
02 0.01 0.01 0.01 0.01 0.01 0.01 0.01
s 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Total 1004
Fuel Suftur Content (grains/100 standard cubic Tast) Jua
Combustion Turbine Exhaust
|70 et e e e —— T =
A
co2 5.74%)
H2O 10.76%]
N2 74
02 114
SO2, (after SO2 oxidation) 0 Y
$S03, {after SO2 oxidation) 0. 0.
Total 1004 100.0%)
Moleculas W, i/mol 2840 28.47 28.50 28.32 2839 2842 28.28 28.33 2836
Specific Volume, #1731 3870 38.62 41.06 38.96 3984 4186 40.31 4115 42.33
Speciiic Volume, sctit 13.36 13.33 1331 1340 1338 1335 13.43 13.39 13.38
Exhaust Gas Flow. actm 2,392,305 2017318 1,783,373 2,442,143 2,030,512 1,763,004 2323872 1,965,997 1,782,093
Exhaust Gas Flow, sctm 825,871 678,719 578,098 839,057 680,915 562,268 774,240 636,471 563,208
CTG NOx Emlssions (Wihout Post Combustion Emiselons Control) Slles==x4 T ¥ e = 5 TN
NOx Massflow Added to Match CTG Manufacturer's NOx Emissions Estimats, vh 391 366 0.45 337 . 0.00
Additonal Percent Margin included in mass basad NOx Emissions below %) | 0%} o%l 0% 0%} 0%
NOx, ppmvd (dry, 15% 02} 4200 42.00 42,00 42.00 42.00 42,00 42.00 4200 42.00
NOx. ppmvd (dry) £0.73 59.43 58.31 55.90 58.63 58.40 60.72 59.14 68.34
NOx, ppmvw (wet) 54.20 §3.41 5264 53.07 52.35 52.32 5341 52.48 51.97
NOx, Ibh as NO2 3295 264.1 2218 3279 259.9 2140 304.2 2436 2129
NOx, b/MBtu (LHV) 0.1737 0.1718 01716 0.1738 0.1719 0.1716 0.1736 0.1720 01716
NOx. t/MBtu (HHV) 0.1631 0.1614 0.1812 0.1630 0.1615 0.1612 0.1630 0.1615 0.1612
~ CTG CO Eminsions m Post Combustion m E’ e T ] Bs 3 : S3 A T i = i oy TR PR T
CO Massflow Addad to Match CTG Manufacturer's CO Emissions Estimate, it 0.00 0.00 0.00 0.00 001 0.00
Additional Percent Margin included in mass based CO Emissions below m_sf 0%{ m“f 0% o]
| CO, ppmvd (dry, 15% 02) 13.83 14.13 1441 1402 14.33 14.38 13.83 1420 14.40
CO, ppmvd (dry) 2000 2000 20.00 2000 2000 2000 2000 20.00 20.00
CO, ppmvw (wat) 17.85 17.98 18.06 1732 17.86 17.92 17.59 1775 17.82
€O, 65.3 54.0 463 5.9 53.9 446 60.3 §0.0 444
CO. t/MBtu (LHV) 0.0344 0.0352 0.0358 0.0348 00357 0.0358 0.0344 0.0353 0.0358
CO. /MBtY (HHY) 00323 0.0330 0.0337 0.0328 0.0335
$02 massflow (Rwh) added to match CTG manutacturar's bvh SO2 emissions estimate
Additional Percent Margin incuded in vh SO2 Emissions below o
Assumed SO2 oxidation rate in CTG, voi% 8.
S02, ppmvd (dry. 15% O2) 0.2678 0.2640 0.2726 0.2678 0.2630 0.2718 0.2664 0.2739 02718
SO2, ppmvd (dry) 0.3872 0.3735 0.3784 0.3819 0.3671 0.3780 0.3852 0.3857 0.3776
502, ppmvw (wet} 0.3456 0.3357 0.3416 0.3384 0.3279 0.3386 0.3388 0.3422 0.3363
502, bh 2.8905 2.3080 2.0011 28785 2.2622 1.9286 26570 2.2069 1.9189
S02, BYMBt (LHV) 0.0015 0.0015 0.0016 0.0015 0.0015 0.0015 0.0015 0.0016 0.0015
S02, /MBIt (HHV) 0.0014 0.0014 0.0015 0.0014 0.0014 0.0015 0.0014 0.0015 0.0015
UHC massflow (fo/h) added to match CTG manufacturar's v CO emissions sstinate 0.00 0.00 0.03 0.00 0.00
Additional Percent Margin included In o/h UHC Emissions Below 0.0%) 0.0% 0.0% 0.0%] 0.0%] 0.0%
UHC, ppmvd (dry, 15% O2) 54 55 56 55 56 56 55 56 57
UHC, ppevd (dry) 78 78 78 79 78 78 8.0 79 79
UHC, ppmvw {wet) 70 70 7.0 70 70 70 7.0 70 70
UHC, Ib/h as CH4 147 12.1 103 149 12.1 10.0 137 1.3 10.0
UKC, VMBtu as CH4 (LHV) 0.0077 0.0078 0.0080 0.0079 0.0080 0.0080 0.0078 0.0080 0.0081
UHC, BVMBtu as CH4 (HHV) 0.0073 0.0074 0.0075 0.0074 0.0075 0.0075 0.0074 0.0075 0.0078
__CTG VOC Emissions (W1 Post Combuation Emissions < B = EIRTo e A i
VOC Massflow (i) added to match CTG manutacturer's Rvh VOC emissions estimate 0.00 0.00 0.00 0.00 0.00
Addtional percent marin included in ib/h VOC emissions below 0%} %) 0%) 0%} [ |
VOC percentage of UHC 50% 50% 50%)] e |
VOC, ppvd {dry, 15% O2) 27 28 28 28 28
VOC, ppmvd (dry) 39 39 39 40 39
VOC, ppmvw (wet) 35 3s 35 3s as
VOC, i/ as CH4 73 6.0 5.1 75 6.0
VOC, tVMBt as CH4 {LHV) 0.0039 0.0039 0.0040 0.0039 0.0040 0.0040 0.0039 0.0040 0.0040
VOC, &YMBt as CH4 (HHV) 0.0036 0.0037 0.0037 0.0037 0.0038 0.0038 0.0037 0.0037 0.0038
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Fredonla

Simple Cycle - GE 7FA.04 - alﬁllhm. Revision 2

Case Number
CTG Model
CTG Fuel Type
CTG Load
CTG Iniat Air Cooling
CTG Steam/Water Injection
Ambient Temperature, F
HRSG Duct Firing
Fuel Suttur Content (prains/100 standard cubic feet)

__CTG PMI0 Emissions {without the Effects of 802 Cuidetion)
Percent margin inctuded in PM10 emissions below

PM10 Emissions - Front Half Catch Only

PM10, ibh 17.2 17.2 171 17.2 17.1 171 17.2 17.1 17.1

PM10, b/MBtu (LHV) 0.0090 0.0112 0.0133 0.0091 0.0113 0.0137 0.0098 o021 0.0138

PM10, /MBty (HHV] 0.0085 0.0105 0.0124 0.0085 0.0108 0.0129 0.0092 0.0113 0.0129
PM10 - Front and Back Haif Caich

PM10, bh 34.3 343 34.2 33 34.2 342 343 34.2

PM10, /MBtv [LHV) 0.0181 0.0223 0.0265 0.0182 0.0226 0.0274 0.0196 0.0241 |

PM10, I/MBtu [HHV] 0.0170 0.0210 00249 | 0.0171 0.0212 0.0258 0.0184 0.0227

216,941 304,837| 246,

€02, iohs 33, 267 224,47 328,
COZ, MB (LHV) 174 174.0) 1744 1744 174.0) 174, 1744 1744
CO02, /MBtu (HHV} 183.I 1631 163. 1 163. 1 \6&4' 163. 163# 163.
Stack Emissions
_ Stack Exheust - Volume Basls - Wet = 3 = = =
A 0.92%) 0.93%)
co2 4.0 368
H2O 7.s§ 6.
N2 73.43%] 74.27
o2 13.87%) 14.69%8
SO2 (atter SO2 oxidation) 0.000010%] 0.000010%]
SO3 (atter SO2 oxdation) 0.000020%] 0.000010%)
Tota 100.0%) 100.0%]
Stack Exit Temperature, F 800) 2
Stack Diameter, 1 (estimated) 210 21.0 210 2190 21.0
Stack Flow, i 5,231,989 4,427,999 3,973,999 5,434,999 4,532,999 5,326,999 4,169,999
Stack Flow, scfm 1,158.016 978,588 876,929 1,206,570 1,004,060 1,183,482 855
Stack Flow, actm 2,809,584 2,372,670 2,126,090 2,926,748 2,435,732 2,873,029 2,240,680
Stack Exit Velocity, /s 135.0 1140 1020 1410 170 1380 1080
N e T T - — s T T T — = e T [ B Sl
NOx, ppmvd (dry, 15% 02) 420 420 420 420 420 42.0 420 42.0 420
NOx, pprivd {dey) 419 399 371 402 384 354 381 362 341
N v (wet) 386 37.0 347 3%.9 355 330 49 334 KINd
NOx, b/ as NO2 (includes correction adder) 3295 264.1 2215 327.9 2599 2140 304.2 2436 2129
NOx, B/MBty 28 NO2 (incl. duct bumer fuel 0.4737 0.1718 0.1716 0.1736 0.1719 01716 0.1736 0.1720 01718
NOx, I/MBtu (HHV) as NO2 {indl. duct bumer fuel) 0.1631 0.1614 0.1612 0.1630 0.1615 01612 0.1630 0.1615 01612
Stack NOx Emissions with the Effects of Selectie Reduction == L - W : 5T =S S | T T
NOw, ppmvd (dry, 15% O2} 5.0 50 5.0 5.0 50
NOx, ppmvd (dry) 50 47 44 48 42
NOx. ppmvw (wet) 46 44 41 44 39
NOX fbvh as NO2 (inchudes NOx margin applied to CTG) 39.2 314 264 390 255 362 290 254
NOx, [o/MBtu as NO2 (incl. duct bumer tue! 0.0207 0.0205 0.0204 0.0207 0.0205 0.0204 0.0207 0.0205 0.0204
NOx, BYMBtu (HHV) as NO2 (inct. duct bumar fuel) 00194 0.0192 00192 0.0194 0.0192 0.0192 00194 00182 00192
SCR NH3 slip, ppmvd (dry, 15% 02) 100 10.0 100 100 10.0 100 100 100 10.0
SCR NH3 slip, Ioh 287 22 195 286 229 189 265 214 188
Stack CO Emissions without the ENects of Reduction = S = == e Rt g EAR T e e 3 S e, et ot
CO, ppmvd (dry. 15% O2) 138 141 14.4 140 143 144 138 144
€O, pprvd (dry) 138 134 127 134 13.1 121 125 17
CO, ppmvw {wet) 127 125 g 123 121 13 1S 109
CO, vh_(includes CO correction as apphed to CTG and margin) 65.3 54.0 46.2 65.9 53.9 446 80.3 4.4
CO, RYMBtu {LHV) (incl. duct bumer fue) 0.0344 0.0352 0.0358 0.0349 0.0357 0.0358 0.0344 0.0358
CO, W/MBtu (HHV) (inl. duct bumer tuel) 0.0323 0.03%0 0.0337 0.0328 0.0335 0.03% 0.0323 0.0336
Stack CO Emiesions with the Effects of Cutaiytic Reduction (COCatabysy 1 § d ey R e BT o B ottt e L
CO, ppmvd (dry, 15% O2) 74 75 77 75 76 7.7 78
CO, ppmvd (dry) 74 72 6.8 7.2 70 65 65
CO, ppmvw {wet) 68 66 63 66 65 6.0 6.0
CO, i _(inchudes CO margin applied to CTG) 348 288 247 352 287 238 I 6.7
CO, /MBIy {LHV) (incl. duct bumer fusl) 0.0184 0.0188 00191 0.0186 0.0190 0.0191 0.0184 0.0188
CO, W/MBtu (HHV) (inch. duct bumer fuel) 0.0172 0.0176 0.0179 0.0175 00179 0.0179 00172 0.0177
Stack 502 Emissions without the Eftects of 502  withost 802 Oxidation | 2 i Lt | e ] b = P e 5 =
Assumed 502 oxidation rate in CTG, voi% [ Y 0 Y Y Y 0.
Assumed SO2 oxidation rate in CO Catalyst, voi% 0 Y Y 04 04 Y Y 4 X
Assumed SO2 oxidation rate in SCR, vot% Y Y 0 04 Y Y Y 04 Y
S02, ppmvd (dry, 15% 02) 0.2869 0.2870 0.2869 0.2859 0.2869 0.2869 0.28689 0.2869 0.2889
502, ppmvd {dry) 0.4149 0.4060 0.3983 0.4092 0.4005 0.39%0 0.4148 0.4041 0.3586
502, ppemvw (wet) 0.3703 0.3549 0.3596 0.3626 0.3577 0.3574 0.3648 0.3585 0.3550
502, ibh 3.0970 2.5087 2.1064 3.0841 2.4679 2.0357 28614 23120 2.0255
SO2, WMBtu (LHV) (incl. duct bumer fuel) 0.0016 0.0016 0.0017 0.0016 0.0016 0.0016 0.0016 0.0017 0.0016
S02, YMBtu (HHV) (incl. duct bumer fuel) 0.0015 0.0015 0.0016 0.0015 0.0015 0.0016 0.0015 0.0016 0.0016
Stack 502 Emissions without the Effects of 502 Scrubber, efter 802 Ouxidstion . = H B2 =
Assumed SOZ oxidation rate in CO Catalyst, vol% £0. 60. 60 60. 0.
Assumed SO2 oxidation rate in SCR, vol% 3 ﬁ 3 3 3
SO2, ppmvd (dry, 15% 02 0.10 0.11 0.10 0.11
SO2, ppmvd (dry) 0.10 0.09 0.10 0.09
SO2, ppmvw (wet) 0.10 0.09 0.09 0.08
SO2, tbh 142 078 192 0.75
SO2, WMBty (LHV) (incl. duct bumer fuaf) 0.0006 0.0008 0.0006 0.0006
0.0006 0.0006
== = : ¥ ] e
55 58 56
53 5.1 47
UHC, ppmvw 5.0 46 48 47 44 i
UHC, Ib/h as CH4 (includes correction addar) 147 103 149 121 100 137 13 100
UHC. /MBtu (LHV) (incl. duct bumer fuel) 0.0077 0.0080 0.0079 0.0080 0.0080 0.0078 0.0080 0.0081
UHC, iVMBtu {HHV) (incl. duct bumer fue) 0.0073 0.0075 0.0074 0.0075 0.0075 0.0074 0.0075 0.0076
___ Stack VOC Emissions without the Effect o Oxidation In 4 CO : S PoE oI Do ol oFy] T 2 rreeanliny e e | 2 le e u L AT et S UV A 0Rr RGN R | L SR MmN
VOC, ppmvd (dry, 15% 02) 27 28 28 28 28 28 28 28 28
VOC, ppmvd (dry) 27 26 25 27 26 24 25 24 23
VOC, ppmvw (wet) 25 24 23 24 24 22 23 22 21
VOC, bvh as CH4_{includes correction adder) 73 6.0 5.1 75 6.0 5.0 69 57 5.0
VOC, IMBt (LHV) (indh, duct bumer fuel) 0.0039 0.0038 0.0040 0.0039 0.0040 0.0040 0.0039 0.0040 0.0040
VOC, B¥MBtu (HHV) (incl. duct bumer fuel) 0.0036 0.0037 0.0037 0.0037 0.0038 0.0038 0.0037 0.0037 0.0038
s v e = o e o T T R T T el s _ —— T —
VOC, ppmvd (dry, 15% 02} 27 28 28 28 28 28 28 28
VOC, ppenvd (dry) 27 26 25 27 28 25 24 23
VOC, ppmvw (wet) 25 24 23 24 24 23 22 21
| VOC, v as CHe VOC correction as a| to CTG) 73 6.0 5.1 75 6.0 [X] 57 50
| VOC, &/MBtu (LHV) {incl. duct bumer tuel) 0.0039 0.0039 0.0040 0.0039 0.0040 0.0039 0.0040 0.0040
VOC. RYMBtu (HHV) {incl. duct bumer fuef) 0.003%6 0.0037 0.0037 0.0037 0.0038 0.0037 0.0037 0.0038
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Simple Cycle Emissions - GE 7FA.04 - Distiliate, Revision 2

Case Number 1 4]

CTG Mode!

CTG Fuel Type Distitate] Distilate| Distilat Distitate; Distikars] Distifate|

CTG Load 1 75%) 8! 100%) 75%) 4 75

CTG Inlet Air Cooling ot o ot

CTG Steam/Water injection Wate! Water| wate Water] Water] Wal Wate Wate Wal

Amblent Temperature, F 7 81 3] 51

HRSG Duct Firing Unfl Unfirec) Unfinecs Unived) Unfi

Fuel Sultur Content (grains/ 100 standard cubic fest) A A A A A A A L) A

| PMiowMrouOeENectsctSO2oxdetion | S A ; e [ [k .

PM10 Emissions - Front Half Catch Only
PM10, I/ 17.2 17.2 171 17.2 17.3 171 17.2 171 17.1
PM10, Ib/MBty [LHV) (inci. duct bumer fuel} 0.0090 00112 0.0133 0.0091 0.0113 0.0137 0.0098 0.0121 0.0138
PMI0, I/MBtu [HHV] (incl. duct bumer fusi] 0.0085 0.0105 0.0124 0.0085 0.0108 0.0129 0.0092 00113 00129

PM10 Emissions - Front and Back Half Caich

PMI10, lh 343 343 U3 342 342 343 4.2 342
PM10, iMBtu (LHV) (incl. duct bumer fuel] 0.0181 0.0223 0.0182 0.0226 0.0274 0.0196 0.0241 0.0276
| PM10, vMBly . duct bumer 0.0171 0.0212 0.0258 0.0184 0.0227 0.0259
___ P10 with the Effects of SO2 Oxidation = i | AR | W | |
PMI0 Emissions - Front Half Caich Only
PM'Ol /h 21.2 20.5 19.8 21.2 20.4 19.8 209 20___;\_ 19.7
PM10, YMBty Mﬂ {incd. duct bumear fuel] 0.0112 0.0133 0.0154 0.0112 0.0135 0.0158 0.0119 0.0142 0.0159
PM10, &/MBtu (HHV] {inci. duct bumer fuef} 0.0105 0.0125 0.0144 0.0105 0.0127 0.0149 0.0112 0.0133 0.0149
PM10 Emissions - Front and Back Halt Catch
PM10. b/ 384 376 36.9 38.4 375 36.9 38.1 ar.2 36.8
0.0245 0.0288 0.0203 0.0248 0.0296 0.0217 0.0263 0.0207
0.0230 0.0269 0.0181 0.0233 0.0278 0.0204 0.0247 0.0279
— e | e B R 3 ] 3 i } 3
Totat SO2 1o SO3 conversion mta, %vol sa.a P | 63.1 83 84.4 63. 84 63,
Total Amount o'SOZwmnedngg Ibh 1.98 1.61 1.33 1.97 1.59 1.29 1.83 1.46 1.28
Maximum Stack Ammonium Sulfate [[NH4]2-(SO4]] {assuming 100% conversion from 4.07 3.33 274 4.08 3.28 2.66 378 3.00 284
Maximum Stack H2504 {assuming 100% conversion from SO3 to H2504), o/ 302 247 204 3.01 243 1.9 280 2.23 1.96

_ COEmisions SRS s e .
€02, oihr 330,04
€02, WMBtu (LHV) 174,
CO2, /MBtu (HHV) 163. I
J e e IR ) FIS TS e e ] e e s [ ML AT S R PN S Al Ty
CO removed in CO Catalyst, %wt 46. 46 46 46. 48. 46. 46. 46, 46.
€O ramoved in CO Catalyst, ko 30.5] 25 24, 30.1 25, 20 23. 20.
VOC removed in CO Catalyst, %wt 0. 0. 0. 0. 0 0. 0 ] 0.l
0.0] 0. 0. 0.0} 0. 0. 0. 0. 0.
E RN T DTG [ O O o R | e B AR TR R T RE I Y ey T dyd s
NOx Removed in SCR, %wt 88.1 88.1%) 88.1%) 881 83.1 8a.1 88.1 88.1 83.1
NOx removed in SCR, t/h 290.3 2327 185.1 288.9 229.0 188.5 268.0 2146 187.6
Ammonia Sip, ibh 287 23.2 18.5 286 229 18.9 26.5 214 18.8
Notes:
1. EMISSIONS ARE PRELIMINARY. NO GUARANTEES APPLY. NO MARGINS APPLIED.
2. Tha dry air composition used is 0.98% Ar, 78.03% N2 and 20.99%02
3. Standard conditions are defined as 60 F. 14.696 psia, Norm conditions are defined as 0 C, 1.103 bar
4. All ppm values are based on CH4 calibration gas.
5. The CTG performance and emisslons are based on runs provided by GE dated 7/15/2010
6. The distillate ol usad In estimatas contains 15 ppm by weight sutfur content.
7. The VOC/UHC ratio Is base on CTG performance data provided by GE dated 7/15/2010
8. Effect of SCR and CO catalyst are included.
9. The front half catch of particulale emissions is assumed 10 be halt the amount of the front and back half catch.
10. Whare manufacturer data of fvh of poButant emissions were available, the greatar of the manufacturer's estimate and B&V's estimate was used in the summaty table, i.e. the B&V estimates were adjusted, where applicable.
11. The estimated oxidation of SO2 in CTG Is based on performance data provided by GE. The SO2 - SO3 conversion in the CO catalyst is assumed 1o be 60%.
12. The CO catalyst was designed to reduce the CO Stack emissions by 46.7% for all operating scenarios. While there was no VOC reduction.
13, The SCR was designed 1o reduce the NOx stack emissions to 5 ppmvd @ 15%02 for distitate ofl.
14. Tempering air mass flowrate to fmit stack exit to 800F for afl cases, with a minimum alowable flowrate of 13,500 lo/hr.
15. Tempering air has been assumed to nol contriate 10 Stack emissions.
ADDITIONAL CALCULATIONS MADE BY URS USING ABOVE DATA
Stack Flow, sctm(dry) @ 7% 02 989,999 838,974 752,693 1,024,038 854,899 759,963 1,000,206 848,229 783,864
PM{0, grains/dsct @ 7% 02 0.0025 0.0028 0.0031 0.0024 0.0028 0.0030 0.0024 0.0028 0.0029
b NOXMWhr 0.20 0.21 0.24 0.20 0.21 0.24 0.20 0.22 0.24
b SOZMWhr 0.01 A0 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Max PM10 gr/dsct 0.0031
Max Ib NOXMWhr 0.2¢
Max (b SO2/MWhr 0.01
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PSE FREDONIA

ATTACHMENT A-4

£GS EXPANSION PROJECT
06-Dec-10
Puget Sound Energy - Fredonia
BAV Project Number 165510
Siemens SGT6-5000F4 - Simple Cycle Emissions Summary - Natural Gas 2.25 grains/100 scf Sulfur
Casa Number ) 2 3 4 5 [ 7 [ E
CTG Mode! SGT5-5000F4} SGTE-50007 4 SGTB-5000F 4 SGTE-5000F4} SGTB-S000F4 SGTB-5000F 4 SGTE-5000F 4 SGTB-5000F4 SGTE-5000F )
CTYG Fuel Type Natural Gas| Natura) Gas} Natural Gas Natural Ga Natural Gasd Naturat Gasf Natural Gas} Natural Gas] Naturat Gasf
CTG Load 57%) 75%] 75% 60% 100%) 75% 60w}
CTG inlet Air Cooling O O o off ot ot o
CTG Steam/Water injection No| ol oo [0 L hod [
Ambient Temperature, F 7 7 51 51 88 BB 84
HRSG Duct Firing Unfirsd Undlre| Unfirad] Untirecs Unfired Unfired Unfired]
Fuel Suttur Contant (grains/100 standard cubic teet) 2.25) 2.25¢ 2.25] 2.25] 2.25) 2’_§ 2254
Amblent Conditions
Amblen Temperature, F 7. 7 sna 51 88 8.
Amblent Retative Humidity, % 40.0) 40.0) 754 75! 30, 303
Atmospheric Pressurs, psia 14.682 14.682 14.682 | 14.682 14.682 14.682 |
Combustion Turbine Performance
CYG Performance Reference SiE! siEmens{ SIEMENS] siEmeNs| SiEMENS] SIEMEN MI st SIEMEN
| CYG inket Ar Conaitioning Eftectivenass. % ] [ 0 [\ 0 0 ol 0 0
o] ssor inket Dry Butb Temperature, F 74 7.0] 70| 51, s1.0f 51. 88, a8, 88.
CTG Compr. iniel Relative Humidity, % 40. 40.4) 403 75.1 75.1 759 30.1 0.1
Inle Loss, In. H20 44 33 24 4.4 30 23 39 28 22
Exhaust Losa, in. H2O 139 9.8 7.7 128 8.8 6.8 11.0 7.8 8.2
CTG Load Level {percent of Base Load) L | 75%} 50% 100%) 75%{ e | 100%4 75%} e |
Gross CTG KW 232,041 180,354 144283 212,485 159,364 127,489 185,016 138,762 111,009
Gross CTG Heat Rale, BtukWh (LHV) 8.718 9,144 9.732 8,912 9,475 10108 9,205 9,800 10,602
Gross CTG Heal Rate, BtukWh (HHV) 9,679 10,152 10,804 9,894 10,519 11,223 10,219 10.991 11,770
CTG Heal input, MBtwh (LHV) 2,022.9 1.849.2 1.404.2 1,893.7 1.510.0 1,288.8 1,703.1 1,373.7 13769
CTG Heat nput. MBtuh (HHV) 22459 1.830.9 1,558.9 2,1024 16764 1,420.8 1,890.8 1,525, 1,306.6
CTG water/Steam Injection Flow, tbh ] Q 0 ] [ Q
Injection Fluid/Fuel Ratio 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0
CTG Exhaust Flow, ivh 4.278.989 3583124 3,168,369 4,067,043 3,355,676 2,972,709 3.718,759 3,116,998 2770277
CVG Exhaust Temparature, F 1.088 1.088 1,088 1315 1,115 1115 1,944 1,944 1,144
 Combustion Turbino Puel 2AT r 5 Wi Tl 5 2 . g
Total CTG Fuel Flow, inh 95,680 78,000 80,550
CYG Fuel Temparature, F 7 7 77
CYG Fuel LHV, Bub 21,143 21,143 21,143 21,143 21,143 21,143 21,143 21,143 21,143
CTG Fuel HHV, Biub 23473 23,473 23473 23473 23473 23473 23,473 23,473 23473
HHV/LHV Ratio 11102 | 1.1102 11102 11102 11102 1,102 1.1102 1.1102 1.1102
CYG Fuel Composhian (UMimate Analysis by Weight)
A Oﬁ 0.00%; o 0. 0.00% 0 0.00%]
c 74 74.22% 74, 74, 74. 74. 74.
H2 24.51 2451 24.51 24.51 24.51 24.51 24.51
N2 0.95' o.ssa 0.95 0.5 0. 0. 0.
02 0.31% 0.3 0.31 0.31 0.31 0.3 0.31
S 0.00758%) 0.00758 0.00758 0.00758 0.00 0.00 0.007
Tota! 100.00%] 1004 100 100 100. 1004 100.
| _Total
Fuel Sufur Cantent (grains/100 standard cublc feet) 2.25) 2.'@ 2 2. 2 2 2
Combustion Turbine Exhaust
- e r— — - [ -
__ CTG Exhaust Basie - & = £ S T
A y 0.94%) 0.
co2 3. 3.83%) 3.74
H20 7.8 7.62% 8.2
N2 74.95' 75.03%) 75 74.45¢ ssﬂ
02 12.36 12.58% 128 12.62%; 12.91
| S02, (atter SO2 oxidation) 0.0001 0.00012%) 0.0001 0.00012%) 0.000
| S03, (after SO2 oxidation) 0.0000: 0.00002%) 0.0000: 0.00002% 0.0000:
Totat 100, 100.0%] 100.0% 100.0%) 1oo.gl
Molecular Wi, i/mo) 28.47 28.48 2850 28.39 28.40 28.42 28.35 28.37 28.39
Specific Vome, 1431 38.41 38.78 38.95 39.30 3966 39.82 4025 40.53 40.67
Specific Voume, sciflb 13.33 13.32 13.31 13.37 13.36 13.35 13.38 13.37 13.37
Exhaust Gas Flow, actm 2,739,266 2315892 2,056,800 2,663,913 2,218,102 1,972,888 2,494,667 2,105,633 1,877,786
Exhaust Gas Flow, scfm 950,649 795,454 702,850 906,273 747,187 661,428 829,283 694,571 617,310
___ CTG NOx Emissions [Without Post Combustion Emisslons Control ; NI ; i LIy Al
NOx Massflow Added to Match CTG Manufacturer's NOx Emissions Estimate, bh 10.02 7.5 9.47 7.32 5.54
Additonal Percent Margin included In mass based NOx Emissions below 0% 0% 0% o%]
NOx, ppmvd {dry, 15% 02) 28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00
NOx, ppmvd (dry) 35.45 3445 33.08 35.08 33.83 3252 34.56 33.17
N vw (wet 3268 31.83 3066 32.09 31.03 29.92 31.52 30.36
NOx, I as NO2 2360 192.0 164.0 2210 176.0 150.0 198.0 160.0
NOx, Ib/MBtu (LHV) 0.1167 0.1164 0.1168 0.1167 0.1166 0.1164 0.1163 0.1165
NOx, I/MBtu (HHV) 0.1051 0.1049 0.1052 0.1051 0.1050 0.1048 0.1047 0.1049
_CTG CO Emissions (Withoust Post Combustion Emissione Contro) : i T I BT AN DAl - T
CO Massfiow Added to Match CTG Manutacturer's CO Emissions Estimate, fvh 135 0.98 1.89 0.60 0.33 170 0.45 0.65
Additional Percent Margin included in mass based CO Emissions below 0% o%d 0% 0% os_gl 0%
€O, pprovd (dry, 15% 02) 4.00 4.00 10.00 4.00 4.00 10.00 4.00 4.00 10.00
CO, ppmvd (dry) 5.08 4.92 11.82 501 483 161 4.54 474 11.39
€O, ppmvw (wet) 467 455 10.95 4.58 4.43 10.68 4.50 4.34 1046
€O, bh 210 17.0 3.0 19.0 15.0 330 170 14.0 30.0
€O, WYMBtu (LHV) 0.0104 0.0103 0.0256 0.0100 0.0089 0.0258 0.0100 0.0102 0.0256
CO, Ib/MBtu (HHV) 0.0094 0.0083 0.0231 0.0090 0.0089 0.0231 0.0090 0.0082 00230

ToTe 50 s AR 80 T = g
S02 massflow (vh} added to match CTG manufacturer's lh SO2 emissions estimate 0.00 0.00 X £
Additionat Percent Margin included in &vh SO2 Erissions below 0.0%] 0. X X
Assumed SO2 oxidation rale in CTG, voit 15.0%] ﬁﬁ 15.0%] 15.(;3
502, ppmvd {dry, 15% 02) 1.0960 1.0960 1.0960 1,0960 1.0960 1.0960 1.0960 1.0960 1.0960
$02, ppmvd (dry] 1.3876 1.3485 1.2954 1.3730 1.3241 1.2728 1.3526 1.2585 1.2489
502, ppmvw (wet) 12791 1.2458 1.2003 1.2560 1.2146 1.1710 1.2340 1.1882 1.1480
802, bh 12.3162 10.0403 8.5485 11.5284 9.1934 7.8469 10.3688 8.3631 7.1847
$02, BMBtU (LHV) 0.0061 0.0061 0.0061 0.0061 0.0061 0.0061 0.0061 0.006t 0.0061
$02, /MBty (HHV) 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055

| UHC massfiow () added to match CTG manutacturer's kh CO emissions estimate 008} 043 020] 021 026 18] 0.9
Additional Percent Margin included in Ivh UHC Emissions Below o, 0.0 0.0%) o0.0%) .09 0.0%) o.0%) 0.0
UHC, ppmvd (dry, 15% O2) 20 20 20 20 20 20 20 20 20
UHC, ppenvd (diy) 25 25 24 25 24 23 25 24 23
UHC, ppmvw (wet) 23 23 22 23 22 2.1 23 22 21
UHC, b as CHe 58 46 40 54 44 38 50 40 a4
UHC, I/MBy a5 CH4 (LHV) 0.0029 0.0029 0.0028 0.0029 0.0029 0.0029 0.0029 0.0028 0.0029
UHC, /MBIy as CH (HHV] 0.0026 0.0026 0.0026 0.0026 0.0026 0.0027 0.0026 0.0026 0.0026

VOG Massflow (i) added to match CTG manufacturer's bvh VOC amissions estimate 008 0.1 005 007 010 o] 03] 009 0.06]
Addtional percent margin included in th VOC amissions below 05_1 o m_s_l ox 0% o~gl m_sl o
VOC parcentage ot UHC 50%] 50%) P | 50%) 50%] 50%) e | 50%)
VOC, pomvd (dry, 15% 02 10 1.0 10 10 10 10 0 10 1.0
VOC, pomvd (dy) 13 12 1.2 13 1.2 1.2 12 12 1.1
VOCM 1.2 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.0
VOC, lo/h as CHé 29 24 20 27 22 19 25 20 17
VOC, b/MBt as CH4 (LHV) 0.0014 0.0015 0.0014 0.0014 0.0016 0.0016 0.0015 0.0016 0.0014]
VOC. b/MBtu as CH4 0.0012 0.0012 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013
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PSE FREDONIA ATTACHMENT A-4
FGS EXPANSION PROIECT

06-Dec-10
Puget Sound Energy - Fredonta
BA&V Project Number 165510
Slemens SGT6-5000F4 - Simple Cycle Emissions Summary - Natural Gas 2.25 graina/100 sct Sulfur
Case Number 1 2 1 4 5 o 7 [
CTG Model SGTE-5000F4 SGT8-5000F 4 SGTE-5000F4) SGTE-5000F4) SGIBWJ SGTB-5000F 4 SGTE-5000F 4}
CTG Fuel Type Natral Gas Natural Gasd Natural Gas} Natural Gas| Natural Gasy Natwral Gas Naturai Gas
CTG Load 7% 75%] 100% 75%)
CTG Inlet Air Cooting oft| O O [eg
CTG Steam/Water Injection Noj Noj No| Mo
Amblent Temperature, F K 7l 51 51
HRSG Duct Flring Unfired) Unfired) Uniired Unfiredt
Fuel Suitur Content mrahshoﬂ standard cubic fest) 2.2_5} 2.25) Zﬁ 2250
| CTQ PO Emissions twithout the Eifects of 602 Cuidation) o b s | e e [ Tivan 3
Percent margin included in PM10 emissions below uﬁ Dﬂ ol i
PM10 Emissions - Front Heif Caich Only
PM10, Ih 45 40 40 40 40 40 4.0 40 40
PM10, MBIy [LHV) 0.0022 0.0024 0.0028 0.0021 0.0026 0.0031 0.0023 0.0029 0.0034
PM10, I/MBtu [HHV] 0.0020 0.0022 0.0026 00019 0.0024 0.0028 0.0021 0.0026 0.0031
PMI0 « Front and Back Haif Caich
PMI10, Ib/h 9.0 8.0 8.9 8.0 8.0 8.0 8.0 8.0 8.0
PM10, Ib/MBtu [LHV) 0.0044 0.0049 0.0057 0.0042 0.0053 0.0062 0.0047 0.0058 0.0068
PM10, /MBIu (HHWV) 0.0040 0.0044 0.0051 0.0038 0.0048 0.0042 0.0052 0.0061
C02 Emissions ~ > > e N ] — * e e e B =) BT T S T ]
CO2, lohr 260. 2121 180, 243, 194, 165,7!
CO2, h/Mbtu {LHV) 128 1286 128 128.6] 1286 1284
CO2, WyMbtu (HHV) 115 1154 15, 115 115 115!
Stack Emisslons
Stack Exhoust Analysis - Vokume Basls - Wet == HE = == ~
o 0.95 0.95 0.95%) o.95%] Y
co2 2.81 2. 2.64%) 2.55%] 2.47
H20 5. 5.26 6.11%) 5.94' 6.18°
N2 7581 75.m 75.28% 75.35 75.1
02 14.83%) 15. 15.02% 15.219 15.
SO2 (atter SO2 oxidation) 0.000040% 0.000030%] X 0.000030%]
SO3 (aher SO2 oxidation} 0.000070%) 0.000070%) 0.000075 0.000070%]
Total 100.0% 100.0% 100.%' 100.&1 100.0%
Stack Ex#t Temperature, F a00] 800] 800] 800] o0 799
Stack Diameter, ft (sstimated) 23.0 23.0 230 230 230 230 230 230
Stack Flow, vh 6,027,983 5.047.118 4,459,365 5,991,038 4,939,672 5,742,754 4,810,995 4,272,974
Stack Fiow, scfm 1,332,186 1,115,414 984,777 1,327,016 1,094,138 1,272,978 1,066,438 946,464
Stack Flow, actm 3.232.007 2,704,417 2.388.735 3,220,186 2,654,253 3,088,647 2,585,912 2,296,013
Stack Exit Veloctty, tt's 130.0 108.0 96.0 129.0 106.0 1240 104.0 920
_Stack NOx Emissions without the Effects of Selective Reduction _ E T ATAES T ¥ e R, RS R
NOx, ppmvd (dry, 15% 02} 280 280 280 280 280 280 280 280 280
NOx, ppmvd (dry) 247 240 23,1 233 225 217 219 210 203
NOx, ppmvw {wet} 233 227 21.9 219 212 204 205 198 19.
NOx, I/ as NO2_(includes correction adder) 236.0 1920 164.0 2210 176.0 150.0 198.0 160.0 137.0
NOx, i/MBu as NO2 (inc!. duct bumer fuel 0.1167 0.1164 0.1168 0.1167 0.1166 0.1164 0.1163 0.1165 0.1164
NOx, /MBtu (HHV) as NO2 (indl. duct bumer fuel) 0.1051 0.1049 0.1052 0.1051 0.1050 0.1048 0.1047 0.1049 0.1048
Stack NOx Emissions with the Eftects of Selective [ R T (Y s B ] Tt e o B G
NOx, ppmvd (dry, 15% 02) 25 25 25 25 25 25 25
NOx, ppmvd (dry) 22 21 2.1 21 20 19 20
NOx, ppmvw (wet) 21 20 20 20 19 18 18 1.7
NOx, I as NO2_(includes NOx margin a to CTG) 211 171 146 19.7 15.7 134 17.7 143 122
NOx, Ib/MBtu as NO2 (inc). duct bumer 0.0104 0.0104 0.0104 0.0104 0.0104 0.0104 0.0104 0.0104 0.0104
| NOx, I/MBtu {HHV) as NO2 (incl. duct bumer fusl) 0.0034 0.0034 0.0094 0.0084 0.0094 0.0084 0.0084 0.0084 0.0094
SCR NH3 sip, ppmvd (dry. 15% 02) 10.0 10.0 100 10.0 10.0 10.0 100 10.0 10.0
SCR NH3 siip, lh 29.9 244 207 280 223 180 252 203 174
Stack CO Emissions without the Effects of Radisction ;. 7 . g PR I = E ] £ i [FEEED i 3 w3
€O, pomvd (dry. 15% 02 4.0 10.0 4.0 4.0 10.0 40 100 ]
CO, ppmvd (dry) 34 8.3 33 32 77 3.4 7.2
CO, ppmvw (wet) . 3.2 78 a 30 73 28 6.8
CO, /h (includes CO correction as apphied to CTG and margin) 210 17.0 360 19.0 15.0 33.0 17.0 300
CO, WYMBtu (LHV} (incl. duct bumer tuel) 0.0104 0.0103 0.0258 0.0100 0.0099 0.0256 0.0100 0.0102 0.0255
CO, B/MBtu (HHV) incl. duct bumer fuel) 0.0094 0.0093 0.0231 0.0090 0.0089 0.0231 0.0090 0.0082 0.0230

__Stack CO Emissions with the Effects of Catalytis Reduction (CO Catalyst)

CO. ppmwd {dry, 15% 02) 16 16 16 16 16 40
CO, ppenw (dry) 14 13 13 13 12 29
O, ppmww (we1) 13 13 12 12 14 27
€0, bh s CO margin appled to CTG) 8.4 68 184 76 80 68 58 120
CO, KYMBIY (LHV) (inc\. duct bumer fue) 0.0042 0.0041 0.0103 0.0040 0.0040 0.0040 0.0041 00102
CO, I¥MBtu (HHV) (incl. duct bumer fue) 00037 0.0037 0.0092 0.0036 0.0036 0,009

‘Stack 502 Emissions withou! the Effects of S02 Scrubber, wihout 502 Oxidation = =] ] s T =
Assumed SO2 oxidation rate in CTG, voi% 0. 0. 0. X [:X
Assumed S02 axidation rate In CO Catalyst, votte 0. o Y 0. 0. 0. Y
Assumed SO2 oxdation rate in SCR, vott 0. o.0%] 0. 0.0%) Y 0. 0.
502, ppravd (dly, 15% 02) 12834 1.2894 12894 12854 12854 12884 12894 12894 12094
502, ppmva (dry) 16325 15865 15240 16153 15578 14974 15913 15276 14693
502, ppmvw {wat) 1.5048 14656 14121 14778 14289 13776 14518 1.3979 1.3482
502, ot 14,489 18121 100571 13.6628 108158 92318 12.1984 9.8380 8.4201
502, MBIy (LHV) (incl. duct bumer fue) 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072
S02, VMBIl (HHY) (inc. duet bumer fue) 0.0065 0.0065 0.0065 0.0065 0.0065 0.0065 0.0085 0.0065 0.0065

s - T e e —_—t—— S [ e [ A e T o) [T S P T
Assumed SO2 oxidation rate in CO Catalyst, volt% 60.0%) 50.0%4 80.0%) 0.0 e0.0%) soon] 80, 60, 50,
Assumed SO2 oxdation rate In SCR, voite 30%] 3.0%) 3, 3 2.0%) 2.0%) 3 -ﬁ 3.
502, ppmvd (dry, 15% 02) 0.43 043 0.43 043 043 0.43 043 0.43 ]
502, ppmvd (diry) 0.38 035 0.35 0.34 033 0.33 0.3 0.31
502, ppmuw (wet) 0.35 033 0.33 032 031 0.3t 0.30 0.29
502, bh 478 332 447 357 304 4.02 324 278
502, biMB . duct bumer fuel] 0.0024 0.0024 0.0024 0.0024 0.0024 0.0024 0.0024 0.0024

0.0021
UHC, pomvd {dry, 15% 02) 20 20 20
UHC, ppmvd 1.8 17 17 17
UHC, ppmvw 17 16 1.6 16
UHC, ih as CH4 (includses correction adder) 58 4.8 40 5.4 .
| UHC, I/MBtu (LHV) (incl. duct bumer fuel) 0.0029 0.0029 0.0028 0.0029 0.0029 0.0029 0.0028 0.0029 0.0029
| UHC, /MBtu (HHV) (inci. duct bumer fuel) 0.0026 0.0026 0.0026 0.0026 0.0026 0.0027 0.0026 0.0026 0.0026

Stack VOC Emissions without the Effect of Oxidation In 8 €O [

VOC. 15% 1.0 1.0 1.0 1.0 1.0
VOC, ppmvd (dry) 0.9 08 08 08 08
VOC, ppmvw (wet) 08 08 0.8 08 07
| VOC, b/ as CH4 {includas corraction adder) 24 20 27 22 19
VOC, i/MBtu [LHV] (incl. duct bumer husl) 0.0014 0.0015 0.0014 0.0014 0.0015 0.0015 0.0015 0.0015 0.0014 §
VOC, b/MBH (HHV) (Incl. duct bumer fuel) 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013
Stack VOC Emissions with the Effects of Reduction | - + 7 ETH : 2 i " L ER 3 B T
VOC, ppvd (dry, 15% 02) 10 1.0 1.0 1.0 10 10 1.0 1.0
VOC, ppmvd (dry) 08 0.8 [+X.] 0.8 08 08 08 07
VOC, ppmvw (wat) 08 08 0.8 08 0.8 0.7 07 07
VOC, b as CH4 VOC correction as 10 CYG] 29 24 20 27 2.2 18 20 17
| VOC, &/MBtu (LHV) (incl. duct bumer fuef) 0.0014 0.0015 0.0014 0.0014 0.0015 0.0015 0.0015 0.0015 0.0014
VOC, b/MBtu (HHV) {incl. duct bumer fuel) 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013
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PSE FREDONIA ATTACHMENT A-4
FGS EXPANSION PROJECT

06-Dec-10

Puget Sound Energy - Fredonis

BA&Y Project Number 165510

Slemens SGT6-5000F4 - Simple Cycle Emissions Summery - Natural Gas 2.25 grains/100 scf Sulfur

Case Number 1 F: 3 4 o [ 7 L o
CTG Model SGTB-5000F4 SGTE-5000F4) SGTE-5000F4) SGTE-5000F4] SGTB-5000F+4} SGTS-5000F+4 SGT5-5000F 4} SGTE-5000F4 SGTB-5000F4]
CTG Fusl Type Natural Gas| Natural Gag| Natural Gas| Natural Gas| Natural Ga| Natural Gas Natural Gas| Natral Gas Natural Gasi
CTG Load BT 75% B0 100% 75% B0 100 75% 60%
CTG Inket Air Cooling off o o off o on o o o
CTG Steam/Water injection No No ol No L No L INof Mo
Ambient Temperature, F 7 7 7 51 51 51 84| 8
HRSG Duct Firing Undired| Unfirad] Unfirncl Unfirad] Untirecf Uniied Unfirect Unfirecl Untiredt
Fuel Sutfur Content hm’nsﬂoo standard cubic lu!! 2. 2.2! 2.25} Z_Ei 2. 2, 2.; 2. 2
____ PO without the Effects of S02 oxidetion V) T TP [ YOI T ) T AR T A ST AT p2 RS BTG ab) by s TR

PM10 Emssions - Front Half Catch Only

PM10, h 4.5 4.0 4.0 4.0 40 40 4.0 40 4.0

PM10, Il/MBtu (LHV) {incl. duct bumer fued) 0.0022 0.0024 0.0028 0.0021 0.0026 0.0031 0.0023 0.0029 0.0034

PM10, bvMBtu {HHW) (indl. duct bumer fuef) 0.0020 0.0022 0.0026 0.0019 0.0024 0.0028 0.0021 0.0026 0.0031
PM10 Emissions - Front and Back Half Catch

PM10. b/h 8.0 8.0 8.0 8.0 8.0

PM10, &/MBtu (LHV) {incl, duct bumer fuei} 0.0042 0.0062 0.0047 0.0058 0.0068

PM10, /MBiy (HHV) (incl. duct bumer fusl) 0.0038 0.0056 0.0042 0.0052 0.00681

—__ PAIO with the Effects of 502 Oxidation At R s e e R e g

PM10 Emissions - Front Half Cetch Only

PMI0, vh 245 20.3 179 227 19.0 168 20.9 176 157

PM10, vMBtu (LHV) finci. duct bumer fuef) 0.0121 0.0123 0.0128 00120 0.0126 0.0130 0.0123 0.0128 0.0133

PM10. RyMBty (HHVY) (inci. duct bumer fuef) 0.0109 00111 00115 00108 0.0113 0.0117 0.0110 00115 0.0120
PM10 Emisslons - Front and Back Half Catch

PMID, vh 290 208 24.9 218 197

PM10, /MBtu (LHV) inct. duct bumer fuel) 0.0144 0.0161 0.0146 0.0157 0.0167

PM10. &/MBt (HHV) (inct. duct bumer fuef) 00129 0.0145 0.0132 0.0142 0.0150

| YotalEffectso!§020xkiatlon i H e = Wi & S = =
Total SO2 to SO3 conversion rate, % % 67.0%) 67 67. 67.4
Total Amount of SO2 converted to 503, I 9.7t 6.19 8.18 6.59 5.5 |
Maximum Stack Ammonium Suttate [[NH4}2-(S04 100% conversion from SO3 20.03 1276 16.88 1360 11.65
Maximum Stack H2S04 (assuming 100% conversion from SO3 to H2504), vh 14.87 947 12.52 10.10 8.65 |
oo QUES RO
260

128.6]
115.!

Post Control

-'E! Conversion in CO Catalyst PRI

CO removed in CO Catalyat, %w

CO removed in CO Catalyst, o/

VOC removed in CO Catalyst, %wi X

VOC removed In CO Catalyst, vh 0.0} 0.

_ Selective Catalyiic Reduction NN D 1 O R A TR T [T = NS W AT S i
NOx Removed in SCR, %wt 911 1%

NOx removed in SCFL vh 2148 174.9

Ammonia Stp, lbh 298 244

T | ) [Tl ey ] e s [ - S RS 2 SN O e Loy

0.
A N TH # o] LG, ¥

Notes:

t. EMISSIONS ARE PRELIMINARY. NO GUARANTEES APPLY. NO MARGINS APPLIED.

2. The dry alr composition used is 0.58% Ar, 78.03% N2 and 20.99%02

3. Standard conditions are defined as 60 F, 14.696 psia, Nonm conditions are defined as 0 C, 1.103 bar

4. All ppm values are basad on CH4 calibration gas.

5. The CTG parformance and emissions are based on runs provided by Siemens dated 3/15/2010

6. The natural gas used in estimates contains 2.25 grains/t00 SCF of sutfur content.

7. The VOC/UHC ratio is assumed to be 50%.

8. Effect of SCR and CO catalyst are included.

9. The front half catch of particutate emissions is assumed to be half the amount of the front and back hatt catch.

10. Whare manufacturer data of itvh of potutant emissions were available, the greater of the manufaciurer's sstimate and BaV's estimate was used in the summary tabie, L.e. the B&V estimates were adjusted, where applicable.
11. The estimated oxdation of SO2 in CTG is assumed to ba 15%. The SO2 - SO3 conversion in the CO catalyst is assumed to ba 60%.

12. The CO catalyst was dasigned to reduce the CO Stack emissions by 60% for ali operating scenarios. Whila there was no VOC reduction.

13. The SCR was designed to reduce the NOx stack emissions to 2.5 ppmvd @ 15%02 for naturai gas

14. Tempering alr mass flowrate 1o kmit stack exit 1o BOOF for all cases, with a minimum aliowable flowrate of 13,500 fvhr.
15. Tempering air has been assumed to not contribute to stack emissions.

ADDITIONAL CALCULATIONS MADE BY URS USING ABOVE DATA
tnformation used to compare values with emission standards {federal, state, local, and NSPS):
b NOwMWhr 0.08 0.0 0.10 0.08 0.10 o1 0.10 0.10 [A%]
b SO2/MWhr 0.02 .02 a02 0.02 0.02 o2 0.02 0.02 003

Max ib NOXMWhr .1
Max b SO2/MWhr 0.03
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PSE FREDONIA ATTACHMENT A-4
FGS EXPANSION PROJECT

06-Dec-10

Puget Sound Energy - Fredonla

BV Project Number 165510

Slemens SGT6-5000F4 - Simple Cycle Emissions Summary - Natural Gas 3.48 grains/100 scf Sulfur

Case Number 1 L 3 L & 7 B o
CTG Model SGT5-5000F 4 SGTE-5000F 4} SGTB-5000F 4] SGTE-5000F4] SGTE-5000F4 SGTE-S000F4] M SGTE-5000F 43 SGTE-5000F 4]
CTG Fuel Type Natural Gas] Natural Gas Natural Gagf Natural Gay Natural Gas§ Natural Gas| Natural Gasj Natural Gas; Natural Gay
CTG Load 97 75% 60 100% 75% B0 100%4 75%] B0
CTG Iniet Air Cooling Ot ot O Off| ot o} o o Off|
CTG Steam/Water injection No| Noj Noj Noj L L Hod Mt INof
Ambient Temperature, F T 7 7| 51 5% 51 Bl B8] 84
HRSG Duct Firing Unfirad Unfirsd] Unfl Urdirad) Unfired] Unfired) Uineirectl Unfirect Urifired)
Fuel Sultur Content ’uhsl'oo standard cubic feet] 3.4_81 3.48] 3. 3.:2'_ 3.g 3.4_&1 3.g 315 3.‘3'
Ambient Conditions
Ambant Temperature, F 7.0 7. 7.0} 51, 51.0 51.0 88 88,
Amblent Relative Humidity, % 40.0} 40.0, 40.0} 75.0] 75.0} 75 30 30.
Atmospheric Pressure, psia 14.682 14.682 14.682 14.682 14.682 14,682 14.682 I 14.682
s —= -l = e =<
Combustion Turbine Performance
CTG Performance Reference SIEMEN: SIEMEN: SIEMEN SIEMEN: SIEMEN: ﬂEMENd SIEMEN: S|EAEN§I SIEMEN:
CTG Inist Alr Conditioning Etfectiveness, % 0 0 [+] 0 ] 0 0 [] 0
CTG Compressor Iniet Dry Bulb Temperature, F 7.0 7.00 7.0 51.04 51.00 51.9 88 88.01 88.01
CTG Compr. Inlet Relative Hurnidity, % 40.5] 40.4) 40. 75.1 75.1 751 0. 30.3 0.1
Intat in, H20 44 KA 24 44 30 23 39 28 2.2
Exhaust Loss, in. H20 138 986 7.7 128 88 8.9 Nno 78 6.2
CTG Load Level {percent ot Bage Load) 97%} 75%} 60%} 100%} 75%) _60%] 100%] 5% 60%{
Gross CTG Output, kW 232,041 180,354 144,283 212,485 159,364 127,491 185,016 138,762 111,009
Gross CTG Heat Rate, BiwkWh {LHV) 8,718 S.14 9.732 8,912 9,475 10,109 9,205 9,900 10.602
Gross CTG Heat Rate, BiwkWh {HHV) 9,679 10,152 10,805 9,894 10,518 11,223 10,219 10,991 11,770
CTG Heat input, MBtwh (LHV) 2,022.9 1.649.2 1,404.2 1.893.7 15100 1.288.8 1,703.1 1,373.7 1,176.8
| CTG Heat input, MBtuh (HHV) 2,245.9 1.830.9 1,558.9 2,102.4 1676.4 1,430.8 1,890.8 1,625.1 1,306.6
| CTG Water/Steam Injection Flow, b 0 ] 0
Injection Fuid/Fuel Ratio 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
CTG Exhaust Flow, Ibh 4,278,989 3,583,124 3,168,369 4,067,043 3,355,676 2,872,709 3,718,759 3,116,999 2,770,277
| CTG Exhaust Temperature, F 1.088 1.088 1,088 1115 1,115 1115 1,144 1,144 1,144
Total CTG Fuel Flow, tbh 95.680 78.000 86,420 89,570 71,420 60,860 80,550 64,980
CTG Fuel Temperature, F red 77 77 7 7 7 ka4 ka4
CTG Fue! LHV, Buvib 21,142 21,142 21,142 21,142 21,142 21,142 21,142 21,142 21,142
CTG Fue! HHV, Btub 23,472 23,472 23.472 23,472 23472 23,472 23,472 23,472 23,472
HHV/LHV Ratio 1.1102 1.1102 1.1102 1.1102 1.1102 1.1102 1.1102 1.1102 1.1102
CTG Fuel Composition {Uttimate Anal Wel
Ar 04 0.00%1 0. 0. 04 0.
< 74.22%} 74.. 74. 74. 74.
H2 24.51%; 24.51 24.51 24.51 2451
N2 0.95%) 0.85 0.85 0.95% 0.85
02 0.31% 031 omzl 031 0.31
] 0.01171%} 0.01171 0.01171 2.01171 0.01171
Total 100, 100. 100. 100.
Fuel Sultur Content (grains/100 standard cublc feet) 3.48) 3 kX
Combustion Turbine Exhaust
___ CYG Exhaust Basls - Sy = T =il | 5 e 3Ed E =
A o.san] 0.94 0.9¢ 0.95%
co2 3.93%] 3.8 3.8 3.85°
H20 7.82% 7.8 7.34¢ 8.52%]
N2 74.95%] 75.0: 75.13%; 74.35%;
o] 12.36%} 12.58 12.89% 12.34%
502, (after SO2 oxdation) 0.00020%} 0.0001 0.00019%f 0A0001ﬁ
S03, (after SO2 oxidation] 0.00003%} 0.0000: 0.00003%} 0.0000:
Totat 100.M 100 100.0%} 100.ﬂ
Molecular Wt, lb/mol 28.47 28.48 28.50 23.39 28.40 28.42 28.35 28.37 28.39
Specific Volume, iX31h 38.41 38.78 38.95 35.30 39.66 39.82 40.25 40.53 40.67
Specific Voume, sctib 13.33 13.32 13.31 13.37 13.36 13.35 13.38 13.37 13.37
Exhaust Gas Fiow. actm 2,739,266 2,315,892 2,056,800 2,663,813 2,218,102 1,972,888 2,494,667 2,105,533 1,877.781‘
Exhaust Gas Flow, scfm 950,648 795454 702,850 906,273 747197 661,428 829,283 694,571 617,310
CYG NOx Emissions Post Combustion i ey 3R L) i = = [T T i et e
NOx Massflow Added to Match CTG Manufacturer's NOx Emissions Estimate, tvh 10.03 2.78 946 7.32 6.03 7.76 5.52
Additonal Percent Margin included in mass based NOx Emissions balow Of 0% 0% 0%
NOx, ppmvd {dry, 15% O2) 28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00
NOx, ppmvd (dry) 35.45 34.45 33.10 35.08 33.83 3252 3456 33.18 EYE
NOx, ppmvw (wet) 3268 31.83 30.67 32.09 31.03 29.92 .52 30.36 29.28
NOx, I/h as NO2 236.0 1920 164.0 221.0 176.0 150.0 193.0 160.0 137.0
NOx, iMBty (LHV) 0.1167 0.1164 0.1168 0.1167 0.1166 0.1184 0.1163 0.1185 0.1164
NOx, /MBty (HHV) 0.1051 0.1049 0.1052 0.1051 0.1050 0.1048 0.1047 0.1049 0.1048
CTGCO = L L = = = ¥ T
€O Massflow Added to Match CTG Manufacturer's CO Emissions Estimate, lvh 1.35 0.98 1.89 0.60 0.33 141
Adcitional Percent Margin inchuded in mass based CO Emissions below 0% 0%} o% o
| CO, ppmvd (dry, 15% 02) 4.00 4.00 10.00 4.00 4.00 10.00 4.00 4.00 10.00
CO, ppmva (dry) 5.06 49 11.82 5.01 483 1161 494 474 11.40
CO. ppmvw (wet) 4.67 455 10.95 4.58 4.43 10.68 4.50 4.34 10.46
CO. tbh 210 17.0 3*%.0 180 150 330 17.0 140 .0
CO, IvMBtu {LHV) 0.0104 0.0103 0.0256 0.0100 0.0099 0.0256 0.0100 0.0102 0.0255
CO, /MBtu (HHV) 0.0094 0.0093 0.0231 0.0080 0.0089 0.0231 0.0090 0.0092 0.0230
1 CTG 502 Emissions (Afer 502 . Without Post Combustion Emissions Coatrol) e i = = : I LR ] fure N
$02 massfiow (Rvh) added to match CTG marnutacturer's bvh SO2 emissions estimate 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Additional Percent Margin included in l/h SO2 Emissions below 0.0%) 0.0%) _0.0%] 0.0%) oo%| 0.0%) Y 0.0%
Assumed SO2 axidation rate in CTG, voi% 15. 15.0% 15.0%] 15.0%] 15.0% 15.0% 15.0%1 15.0% 15.0%]
$02, ppmvd (dry, 15% 0O2) 1.6838 1.6939 1.6939 1.6939 1.6939 1.6939 1.6939 1.6939 1.6939
502, vd (d 2.1445 2.0841 2.0023 21221 2.0463 1.9671 2.0904 2.007% 1.8304
S502, ppmvw {wet) 1.9768 1.9253 1.8553 1.5413 18772 1.8087 1.9070 1.8366 1.7714
502, h 19.0341 15.5169 13.2132 17.8186 14.2079 121271 16.0242 12.9268 11.0747
S02, BVMBHY (LHV) 0.0094 0.0094 0.0094 0.0094 0.0084 0.0094 0.0094 0.0094 0.0094
S02, VMBtu (HHV) 0.0085 0.0085 0.0085 0.0085 0.0085 0.0085 0.0085 0.0085 0.0085
r: = o . AT = [ — ] . P AR [ R R R — o _—
UHC massflow (ih) added to match CTG manuacturer's ivh CO emissions estimate 0.17 0.21 0.09 0.13 0.20 821 0.18 0.13
Additlonal Percent Margin included in tvh UHC Emissions Below 0. [ X 0.0% 0.0%] 0. 0. [X 0.0%4 0.0%
UKC, vd . 15% O2] 20 20 20 290 20 20 20 20 2.0
UKC, ppmvd (dry) 2§ 2§ 24 25 24 23 25 24 23
UHC, vw (wet] 23 23 22 23 22 21 23 22 21
UHC. b as CH4 58 48 4.0 5.4 44 38 5.0 40 34
UHC, t/MBtu as CH4 (LHV) 0.0028 0.0029 0.0028 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029
UHC, b/MBtu as CH4 (HHV) 0.0026 0.0026 0.0026 0.0026 0.0026 0.0027 0.0026 0.0026 0.0026
___CTG VOC Emlesions. Post Combustion ] ORI RS g] E FI SRR Y =i £ e T A=A e R £ e B by i
VOC Massfiow (Toh) added to match CTG manufacturer's i VOC emissions estimate 0.08 0.1% 0.05 0.07 0.10 0.1% 0.13 0.09 0.06
Additional percent margin Inciuded in b VOC emissions below O'il 0% 0% O‘ﬂ 0%} l)'él
VOC percentage of UHC s0%] 50% e | so%l_ e | 50%) 50%) e |
VOC, ppmvd (dry, 15% O2] 1.0 1.0 10 1.0 1.0 1.0 1.0 10 1.0
VOC, ppmvd (dry) 13 12 1.2 13 12 12 12 12 1.1
VOC, ppmvw {(wet] 1.2 1.1 11 11 1.1 1.1 1.1 1.1 1.0
MOC, o/ as CH4 29 24 20 27 22 18 25 2.0 17
VOC, b/MBl as CH4 0.0014 0.0015 0.0014 0.0014 0.0015 0.0015 0.0015 0.0015 0.0014
VOC, b/MBtu as CH4 (HHV) 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013
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PSE FREDONIA
FGS EXPANSION PROJECT

06-Dec-10
Puget Sound Energy - Fradonla
B&V Project Number 165510

Slemens SGT6-5000F4 - Simple Cycle Emlssions Summary - Natural Gas 3.48 graina/100 scf Sulfur

Case Number 1 2 k' 4 S [ 7] & f
CTG Model SGTE-S000F4) SGTE-5000F 4] SGTE-5000F&) SGTE-5000F4) SGTE-5000F4 SGTE-5000F 4} SGT8-5000F 4] SGT6 500074 SGTE-5000F4
CTG Fuel Typs Natural Gas] Natural Gas] Natura( Gas| Natral Gas, Natura) Gasy Natural Gas Natural GasJ Matural Gas] Nawral Gas,
CTG Load 9T 5% B0 100% 75% B 100% T5% B0
CTG tndet Air Cooling o} o Off o Off O] o} o [
CTG Steam/Water Injection No| Noj Nog L Noj Moo Nof Noj L
Ambient Temperature, F 7 7| T 51 51 51 Ba] Bal aa
HRSG Duct Firing Unfired Urfireds Urdired) Unfired] Urifired) Undire U] Unfired]
Fuel Suttur Content {grains/100 standard cubic feet} 3.‘& 3.4_5]_ 3 Alﬂ 3._42' 14& S.ﬁ 3. ﬁ w
___CTG PO Emissions (without tho Etfocts of 502 Oxidation) B alE EE = = T =
Percent margin included in PM10 emissions below % m_g m o g% 1 gﬂ
PM10 Emissions - Front Half Catch Ony
PM10. bh 4.5 490 40 40 4.0 4.0 40 4.0 4.0
PM10, /MBtu (LHV} 0.0022 0.0024 0.0028 0.0021 0.0026 0.0031 0.0023 0.0029 0.%
PM10, YMBtu (HHWV) 0.0020 0.0022 0.0026 0.0018 0.0024 0.0028 0.0021 0.0028 0.0031 |
PM10 Emlissions - Front and Back Half Catch
PM10. bh 9.0 8.0 8.0 8.0 8.0 8.0 8.0
PM10. byMBtu (LHV) 0.0044 0.0049 0.0057 0.0042 0.0053 0.0058 0.0068
PM10, /MBtu (HHV} 0.0040 0.0044 0.005% 0.0038 0.0048 0.0052 0.0081
€02 Emlesions. B = ] = = E] e e, P - N
C02, e 260217} 2121 1806390 2!3}2 194,238} 185, E 151,403
02, Mbtu {LHV) 1286 1286 1286 128.6 128.6 1286 128.6 128.6
CO2, Mbty (HHV) 115.9 1159 115.9 1158 115.9 115.9 1159 1159
Stack Emissions
__Stack Exheust - Vohune Basis - Wet | 36 = =
Ar 0.95 0.95° 0.94¢
co2 281 27 2
H20 54 5.46 5.
N2 75:;3 75.87% 75.24
02 14, 14.99% 15.68¢
| S02 (after SO2 oxidation) 04 0.000050%} [
503 (after SO2 oxidation) 0.00011 0.000110%} 0.
Total 100. 100.0%
Stack Exit Temperature, F 7991 B800] 7 73
Stack Diameter, ft (estmated) 23.0 230 . 230 . 23.0 23.0
Stack Flow, tbh 6,027,980 5,047,117 4,459,363 5,991,035 4,939,670 4,378,003 5,742,752 4,810,993 4,272,972
Stack Flow, scim 1,332,186 1115414 984,777 1,322,016 1,084,138 968,999 1,272,978 1,066,438 946,464
Stack Flow, actm 3,232,007 2,704,417 2,388,735 3,220,186 2,654,253 2,350,261 3,088,647 2,585,912 2,296,013
Stack Exit Velochty, tt/s 130.0 108.0 9.0 129.0 106.0 94.0 1240 104.0 920
Stack NOx Emissions without the Effects of Selsctive Reduction il i B S RS e 4.
NOx, ppmvd (dry; 15% O2) 280 280 280 280 280 280
NOx, ppmvd (dry} 247 240 23.1 233 225 218 1
NOx, vw (wet] 233 27 219 219 212 X 205 19.8
NOx, Ivh as NO2 (includes correction adder) 236.0 152.0 164.0 221.0 176.0 150.0 198.0 160.0
| NOx, IvMBty as NO2 . duct bumar fuel] 0.1167 0.1184 0.1168 0.1167 0.1166 0.1184 0.1163 0.1165
NOx, byMBtu (HHV) as NO2 (incl. duct bumer fuel) 0.1051 0.1049 0.1052 0.1051 0.1050 0.1048 0.1047 0.1049
Stack NOx Emissioas with the Effects of Selective Reduction il = i s = TN
NOx, ppmvd (dry, 15% O2) 25 25 25 25 25
NOx, ppmvd (dry) 22 2.1 21 21 20
NOx, ppmvw (wet} 2.1 20 20 290 1.9 K
NOx, Ib/h as NO2 {includes NOx margin applied to CTG) 211 171 14.6 19.7 15.7 13.4 177 14.3 12.2
| NOx, /MBI (LHV) as NO2 (incl. duct bumer fuel) 0.0104 0.0104 0.0104 0.0104 0.0104 0.0104 0.0104 0.0104 0.0104
NOx, b/MBtu (HHV} as NO2 (incl. duct bumer fuef) 0.0094 0.0094 0.0094 0.0094 0.0094 0.0094 0.0094 0.0094 0.0094
SCR NH3 slip, ppmvd (dry, 15% O2] 100 100 10.0 100 100 100 10.0 10.0 10.0
SCR NH3 stip, iwh 299 244 207 280 223 19.0 25.2 203 17.4
CO, ppmvd (dry, 15% 02) 4.0 100 4.0 4.0 10.0 100
CO, pprovd (dey) 34 8.3 3.3 3.2 77 72
CO, ppmvw (wet) 3.2 78 3 30 7.3 6.8
CO, vh s CO correction as af to CTG and maigin 210 17.0 36.0 19.0 150 330 17.0 140 30.0
CO. VMBtu (LHV) {incl. duct bumer fuef) 0.0104 0.0103 0.0256 0.0100 0.0099 0.0256 0.0100 0.0102 0.0255
CO, b/MBtu (HHV) {incl. duct bumer fuef) 0.009¢ 0.0093 0.0231 0.0090 0.0089 0.0231 0.0090 0.0082 0.0230
Stack CO Emissions with the Effects of Reduction i 2 = . T T =1 [ -
CO, pprvd (dry, 15% O2) 16 16 40 186 186 4.0 16
€O, ppmvo (dry) 1.4 14 33 13 13 31 1.3
CO, ppmvw (wet) 13 13 33 1.3 1.2 29 1.2 5
€O, bMh (includes CO margin applied to CTG) 8.4 6.8 14.4 76 6.0 132 68 56 120
€O, b/MBtu (LHV) (incl. duct bumer fuel) 0.0042 0.004% 0.0103 0.0040 0.0040 0.0102 0.0040 0.0041 0.0102
CO, ®/MBtu (HHV) (incl. duct bumer fuel) 0.0037 0.0037 0.0092 0.0038 0.0038 0.0092 0.0036 0.0037 0.0082
Stack 602 Emissions without the Effects of Scrutiber, without 502 Oxidation = L MErEs e = ' —= TR
Assumed SO2 oxidation rate in CTG, vol% 0.0% (X (X 0.0% 0.0% 0.0% X
Assumed SO2 oxdation rate in CO Catalyst, voi% 0. 04 0. 0.0% 0. L 0 0.
Assumed SO2 oxdation rate in SCR, vol% 0. 0. 0. 0.0%] 0.:3 04 0. 04
$02, ppmvd {dry, 15% 02) 1.9928 1.9928 1.9928 1.9928 1.9928 1.9928 1.9528 1.9928 1.9928
S02, ppmvd {diy} 2.5229 24519 2.3556 2.4966 2.4074 23142 24583 2.3813 2211
802, vw (wet 2.3256 2.2651 21827 2.2839 2.2085 2129 2.2435 21607 2.0840
$02, bh 22.3931 18.2552 15.5449 20.9631 16.7152 14.2672 18.8520 15.2080 13.0291
S02, b/MBtu (LHV) (incl. duct bumer tus(} 0.0111 0.0111 0.0111 00111 00111 00111 0.0111 0.0111 0.0111
502, b/MBtu (HHV) (incl. duct bumer tue!) 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100
Assumed SO2 oxdation rate in CO Catalyst. vof% 80. 60.0%] 60, 0. 60.
Assumed SO2 oxidation rate in SCR, vol% 3.% &0'# ﬁ 3. 3.
S02, ppmvd (dry. 15% 02) 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.68
S02, pprovd {dry} 0.58 0.56 0.54 0.55 0.53 0.5% 051 0.48
$02, vw (wot) 055 0.53 0.51 0.51 0.50
$S02, vh 7.39 6.02 5.13 6.91 551
| S02, bMBtu (LHV) (incl. duct bumer tuei) 0.0037 0.0037 0.0037 0.0037 0.0037
S02. /MBtu (H . duct bumer 0.0033 0.0033 0.0033 0.0033 0.0033
_ Stack UHC Emissions LR =2y ¥ : =
UHC vd . 15% 02] 20 20 20 20 20
UHC, ppmvd 18 1.7 1.7 1.7 16
UHC, ppmvw 17 16 16 16 15
UHC, i/h as CH4 (includes correction adder) 58 48 4.0 5.4 4.4
UHC, ®/MBtu (LHV} (incl. duct bumer fugl) 0.0029 0.0029 0.0028 0.0028 0.0028
UHC, /MBtu (HHV) (incl. duct bumer fusl} 0.0026 0.0026 0.0026 0.0026 0.0026
___ Stack VOC Emissions wihout the Effect of Oxidstion ha COcatalyst = = = 7y EREEn )
VOC, ppmvd {dry, 15% 02) .0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
VOC, ppmvd {dry) 08 0.9 08 08 08 08 08 08 07
VOC, ppmvw (wet) 08 08 0.8 08 08 0.7 07 0.7 0.7
VOC, ibh as CH4 _(includes correction addar] 29 24 20 27 2.2 19 25 20 1.7
VOC, t/MBtu (LHV) {incl. duct bumer fusl) 0.0014 0.0015 0.0014 0.0014 0.0015 0.0015 0.0015 0.0015 0.0014
VOC, b/MBtu (HHV) (Incl, duct bumer fuei) 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013
-_—
__ Stack VOC Emissions with the Effects of Catalytic Reduction {CO Cataiyst) D L L [ i 5 ul ek CE ] ] e
VOC, ppmvd {dry, 15% O2] 1.0 1.0 10 1.0 1.0 10 1.0
VOC, ppmvd {dry} 0.9 0.9 08 08 08 08 08
VOC, ppmvw (wet) 08 08 08 0.8 08 07 07
VOC. b/n as CH4 (includes VOC corraction as applied to CTG) 29 24 20 27 22 25 20
VOC, Ib/MBu {LHV) (inch, duct bumer fuel) 0.0014 0.0015 0.0014 0.0014 0.0015 0.0015 0.0016 0.0015 0.0014
VOC, /MBtu (HHV) (inct. duct bumer fuel 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013
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Puget Sound Energy - Fredonia

B&V Project Number 165510

Slemens SGT6-5000F4 - Simple Cycle Emisslons Summary - Natural Gas 3.48 grains/100 scf Sulfur

Case Number 1 2 3 4 E E 7| ol g
CTG Model sars-soooni- SGTB-5000F 4| SGTB-5000F4 SGTE-5000F4] SGTE-S000F4| SGTE-S000F4 SGTE-5000F 4] SGTS-5000F 4} SGTE-S000F4
CTG Fuel Type Natural Gas| Natural Gas| Natural Gas| Natural Gas| Natura! Gas| Natural Gas} Natural Gas| Natural Gas| Naturat Gas|
CTG Load 7% 75%) 60%) 100% 75% 50%) 100% 75% £0%,
CTG Intet Air Cooling o o o o o off ot o
CTG Steam/Water Injection No} Nol No Noj n Noj Noj No
Ambient Tamperature, F 7 7] 51 51 51 au 88 B
HRSG Duct Firing Unfired] Unfirect Unfirect Undieec Unfired] Unifirect Uuan
Fuel Suitur Content (prains/100 standard cubic feet) 3.48 3. 3, 3. 3 :

___PMIOwRhouttho EffectsofS02exdstion  § BRIV I, LIEg =TS N s SR e ¥
PM10 Emissions - Front Half Catch Only
PM10, bh 45 40 Y 4.0 40 40 4.0 4.0 40
PM10, yMBtu (LHV) (Indl. duct bumner fusl) 0.0022 0.0024 0.0028 0.0021 0.00268 0.0031 0.0023 0.0029 0.0034
PM10, b/MBty (HHV) finci. duct bumer fuel} 0.0020 0.0022 0.0026 0.0019 0.0024 0.0028 0.0021 0.0026 0.0031 |

PM10 Emissions - Front and Back Half Catch

PM10, Ib/h 8.0
PM10, MBw [LHV) (inci. duct bumer fuei) 0.0048

PM10. i/MBry (HHV) (inc. duct bumer fuel) 0.0044
___ PMI0 with the Effects of S02 Oxidation [inchs S

PM10 Emlssions - Front Half Catch Only

PMI0, b _ 355 29.2 255 330 271 237 _30.1} 250 220
| PMI0, RYMBtw {LHV) incl. duct bumer fuaf) 0.0175 0.0177 0.0182 00174 0.0180 0.0184 0.0177 0.0182 0.0187
PM10, RYMBtu (HHV) {incl, duct bumer fuel) 0.0158 0.0160 0.0164 0.0157 00162 0.0166 0.0158 0.0164 0.0168
PM10 Emissions - Front and Back Half Catch
PM10, i 40.0 33.2 295 370 311 217 344 29.0 280
| PM10, /MBI (LHV] finct. duct bumer fuel) 0.0198 0.0202 00210 0.0195 0.0206 00215 0.0200 0.0211 0.0221
PM10. R/MBIY . 0.0180 0.0190 0.0198
Total Bffects of §02 Oxidation === == R 3 B = S I RS A NP T L Y
Total SO2 to SO3 conversion rate. %vol 67.0%] ! g 67.0%) 67.0%] 67.0% 67. 67. 67.0%}
Total Amount of SO2 converted to S03, b 15.01 12.23 10.42 14.05 11.20 9.56 1263 10.49 8.73
Maximum Stack Ammonium Sultate [(NH4)2-(SO4)] (assuming 100% conversion from SO3) 30.96 2524 2149 28.98 23.11 19.72 26.06 21.02 18.01
Maximum Stack H2504 (assuming 100% conversion from SO3 to H2SO4], Ivh 2298 1873 15.95 21.51 17.15 1464 19.34 15.60 13.37

| e

"

| €O removed in CO Catalyst, %wl
CO removed in CO Catalyst, t/h
| vOC removed in CO Catalyst, %wn
VOCMMGMCO%M
_ Selective Cat Recuction L
NOx Removed In %wt
NOx removed in SCH, Ivh
Ammonia Sig, vh 29 24

Motes:

1. EMISSIONS ARE PRELIMINARY. NO GUARANTEES APPLY, NO MARGINS APPLIED,

2. The dry alr composition used Is 0.98% Ar, 78.03% N2 and 20.99%02

3. Standard conditions are defined as 60 F, 14.696 psia, Norm conditions are defined as 0 C, 1,103 bar

4. Al ppm values are based on CH4 cafibration gas.

5. The CTG pertormance and emissions are based on runs provided by Siemens dated 3/15/2010

6. The natural gas used in estimales contains 3.48 grains/100 SCF of suifur content.

7. The VOC/UHC ratio is assumed to be 50%.

8. Etfect of SCR and CO catalyst are included.

9. The front hatf caich of particulate emissions Is assumed 10 be hait the amount of the front and back half catch.

10. Whera manufacturer data of kvh of poliutant ernissions ware avalable, the greater of the mamufacturer's estimate and B&V's estimate was used in the summary 1able, |.e. the B&V estimates were adjusted, where applicable.
11. The estimated oxidation of SO2 in CTG is assumed o be 15%. The SO2 - SO3 conversion in the CO catalyst 1s assumed to be 60%.

12. The CO catalyst was designed 10 reduce the CO Stack amissions by 80% for all operating scenarios. Whike there was no VOC reduction.

13. The SCR was designed to reduce the NOx stack emissions 10 2.5 ppmvd @ 15%02 for natural gas

14. Tempering alr mass flowrate o Bmit stack exit to 800F for all cases, with a minimum allowable flowrate of 13,500 f/hr.
15, Tempering alr has been assumed to not contribute 10 stack emissions.

ADDITIONAL CALCULATIONS MADE BY URS USING ABOVE DATA

inls 3 are vaie g a X

Stack Flow, scim(dry) @ 7% O2 1,151,703 963,915 850,715 1,138,490 938,294 830,605 1,087,719 910,830 808,099

PM10, grains/dsct @ 7% 02 0.0036 0.0035 0.0035 0.0034 0.0034 0.0033 0.0032 0.0032 0.0032

b NOXMWhr 0.09 0.11 0.11 0.10 0.11 0.12 011 on 0.12
b SOYMWhr 003 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Max PM10 gr/dsct 0.0036

Max By NOxMWhr 012

Max Ib SO2/MWHr 0.04
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PSE FREDONIA ATTACHMENT A-4
FGS EXPANSION PROJECT

06-Dec-10
Puget Sound Energy - Fredonla
B84V Project Number 165510
Slemens SGTE-5000F4 - Simple Cycle Emissions Summary - Distillate Ol
Case Number 1 2 E 4 4 7 L k.
CTG Mode! SGTS-&MFJ SGTB-5000F 4] SGTE-5000F4 SGTE-5000F4 SGT6-S000F SGTE-5000F4) SGTB-5000F4] SGTE-5000F4 SGTE-5000F4
CTG Fuei Type Distitatef Distitate] Distitate Distilate| Distitats Distiate Distilate Distilate [DistBate
CTG Load 100% 75% 0 100% 75% 7o 100% 75% o
CTG tnlet Air Cooling O] Ot} O O] [ O O] O o
CTG Steam/Water Injection Water} Wasr} Wale Water] Watar Wata) Water| Watar] Water)
Ambient Temperature, F 7 7| 7 51 51 §1 B8} B &)
HRSG Duct Firing Unfired Unrdired] Unfire«] Unfired] Uinfieed] Unfired] Uriired) LUinflre) Unfired]
Fuel Sufur Content ({grains/100 standard cublc leet] N..’.Ll NAL N/& NA NA _P‘Is_ NA Ay A
Amblent Condltions
Amblent Temparature, F 2.9 51.0) 51 51 88 88. 88!
Ambient Relative Humidity, % 40.0] 75.0 75 75. 304 0. 30
| Atmospharic Pressure, psia 14. 14.682 14.662 14.682 14.682 14,682 14,682
Combustion Turbine Performance
CTG Performance Reterence SIEMEN sieens] SIEMEN siEmens] stEmEns] SEMENS] SIEMEN ssnﬁ# SIEMENS]
| CTG ket Air Condiioning Ettactivenass, % ol o o o o 0 of o o
| CTG Comprassor Iniet Dry Bulb Temparature, £ 7. 704 7. 51.00 51.04 51.04 88, Bﬂg 88.00
| CTG Compr. inlet Ratative Humidtty, % 406} 404 40.4) 75.1 75.1 75.1 30. 301 30.1
Inlel Loss, in. H2O 48 3.2 3.0 4.4 31 2.9 39 28 27
Exhaust Loss, in. H2O 146 9.8 91 125 88 8.2 107 77 7.2
CTG Load Level {parcent of Base Load) 1 75%) Tond 100 75% 1ol 100%) 75 To%d
Gross CTG kW 223,517 167,639 156,462 196,715 147,536 137,700 170,326 127,744 119,227
Gross CTG Heal Rate, BiwkWh {LHV} 9,022 9,453 _9816 9,228 9,821 9,994 9,570 10,299 10,486
Gross CTG Heal Rate, BtwkWh {HHW] 9,607 10.086 10,239 9,826 10,458 10,642 10,190 10.967 11,166
CTG Hea input, MBiwh (LHV) 20166 1.584.7 1.504.5 1.815.3 1,448.0 1,376.2 1,630.0 1,315.6 1.250.2
CTG Heal input, MBtwh (HHV) 21473 1,687.4 1,602.1 1.933.0 15428 1,465.4 1,735.7 1,400.9 1.331.2
| CTG Water/Steam Injection Flow, lb/h 43,926 25,894 20,486 39,543 23,676 21,498 17,023 |
Injection Fuid/Fue! Ratio 0.4 03 0.3 0.4 03 0.3 0.3
CTG Exhaust Fiow, [oh 4,498,844 3,666,318 3.534.415 4,116,907 3,432 223 3,183,830 3,070,270
CTG Exhaust Tempaature, F 1.028 1,028 1,028 1,056 1.055 1,085 1,085
Total CTG Fuel Flow, kvh 81,950 98,870 920
CTG Fuet Tempearature, F 77 7 77
CTG Fue! LHV, Blulb 18,360 18,360 18,380 18,360 18.360 18,360 18,360 18.360 18,360
CTG Fuel HHV, Btub 19,550 19,550 19,550 19,550 18,550 19,550 19,550 19,550 18,
HHV/LHV Ratio 1.0648 1.0648 1.0648 1.0648 1.0648 1.0648 1.0648 1.0648 1.0848
CTG Fuel Com Limate s by Wel
A % 0.00%
[+ 87.1 87.16%
H2 1281 12.81%
N2 0. 0.02%
0z 0.01 0.01%
E] 0.001! 0.00150%
Total 100 100.00%4
Fuel Sultur Content {grains/100 standard cubic laet Al sl
Combustion Turbine Exhaust
oo = = * ~— = — ——
Ar
coz2
H20
N2 75.40%;
02 13.18%]
S02, (after SO2 oxdation] 0. 0.00003%4
503, (after SO2 oxidation) 0. 0.00000%;
Yota! 100.0%) 100.0%4
Molecular Wh, Ibymol 28.85 28.89 28.91 28.76 28.80 28.82 28.72 28.76 28.78
Specific Volume, "3/ 36.38 36.74 36.78 37.34 37.62 37.65 38.30 38.52 38.54
Specific Volume, sciib 13.15 13.43 1312 13.19 13.47 13.16 13.21 13.19 13.18
Exhaust Gas Flow, actm 2,727,799 2,245,008 2,166,596 2,562,088 2,152,004 2,078,637 2,402,690 2,044,083 1,972,137
Exhaust Gas Flow, sctm 985,997 802,313 772,859 905,033 753,373 725858 828,709 699,934 574,436
. R e — - ey =I5 T = =T T —
| NOx Massfiow Added 10 Match CTG Manutacturer's NOx Emissions Estimats, lofh 12.04 14.46 11.32 10.80
Additonat Percent Margin incuded in mass based NOx Emissions below o%) o%) ol o)
| NOx, ppmvd {dry, 15% 02} 42.00 42.00 42.00 42.00 42.00 42.00 42.00 42.00 42.00
NOx, vd (d 51.37 49.31 48.47 50.77 48.37 47.55 49.94 7.4 46.63
NOx, ppmvw (wet) 48.23 46.58 45.91 47.30 45.35 4an 46.39 44.33 43.71
NOx, bvh as NO2 362.0 284.0 2700 326.0 260.0 247.0 2820 236.0 2240
NOx, /MBtu (LHV} 0.1795 0.1792 0.1795 0.1796 0.1794 0.1795 01791 0.1794 0.1792
NOx, b/MBtu (HHV) 0.1686 0.1683 0.1685 0.1687 0.1685 0.1686 0.1682 0.1685 0.1683
_ €TG CO Emissions out Post Combustion Emissions R ‘ 3 T L == e a = T ] SR, = 0
CO Massflow Added to Match CTG Manufacturer's CO Emissions Estimate, lh 1.84 573 XAl 1.84 4.86 4.29 1.45 481 3.70
Addttional Percant Margin incuded in mass based CO Emissions beiow o%] 0% 0%} [ | o) o%) o%) 0%} 0%}
| CO. ppmvd (dry. 15% O2) 10.00 30.00 30.00 10.00 30.00 30.00 10.00 30.00 30.00
€O, ppmvd (dry) 12.23 35.22 34.62 1209 34.55 33.97 1189 33.67 3331
| CO, ppmvw {wet) 11.48 3R.27 32.79 11.26 32.40 31.94 11.04 31.66 31.22
CO, /h 520 1240 170 470 1130 107.0 420 103.0 9.0
CO, MBtu {LHV) 0.0258 0.0782 0.0778 0.0259 0.0780 0.0778 0.0258 0.0783 0.0776
CO, /MBtu (HHV) 0.0242 0.0735 0.0730 0.0243 0.0732 0.07% 0.0242 0.0735 0.0729
e s — ~ = - = = - = —
SO2 massflow (ivh) added to match CTG manufacturer's ibh SO2 emissions estimate 0.00 0.00 0.00 0.00 0.00
1 Additionat Percent Margin included in tvh SO2 Emissions below [ X 0.0%] 0. 0.0% 0. 0. 0.0%)
Assumed SO2 oxidation rate in CTG, vol% 15. 15.0%] 15. 15.0%j 154 154 154
S02, pomvd {dry, 15% 02) 0.2439 0.2439 0.2439 0.2439 0.2439 0.2439 0.2433 0.2439 0.2439
502, ppmvd {dry} 0.2883 0.2863 0.2814 0.2948 0.2809 0.2761 0.2900 0.2753 0.2708
S02, v (wet) 0.2800 0.2705 0.2666 0.2746 0.2634 0.2596 0.2693 0.2574 0.2538
$02, ivh 2.7980 2.1968 2.0878 2.5188 2.0106 1.9097 2.2618 1.8256 1.7347
$02, th/MBtu (LHV) 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014
502, th/MBtu (HHV) 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013
___CTG UMC Emissions Post Combustion T s = ' IS A e on e (e § =R
UHC massfiow {ih) added to match CTG manutacturer's ibh CO emissions estimate Q.25 0.65 0.54 0.23 0.51
Additional Percent Margin included in Ivh UHC Emissions Below 0.0% o4 0.0%) 0.0%] 0.0%]
UHC, ppmvd (dry, 15% O2) 20 8.0 6.0 20 6.0 6.0 20 6.0 6.0
UHC, ppmvd (dry) 24 7.0 6.9 24 6.9 6.8 24 6.8 6.7
UHC, ppmvw {wet] 23 6.7 66 23 6.5 6.4 22 63 6.2
UHC, ivh as CH4 6.0 14.2 13.4 54 130 12.2 48 118 1.2
UHC, i/MBtu as CH4 (LHV) 0.0030 0.0080 0.0089 0.0030 0.0090 0.0089 0.0029 0.0090 0.0090
UHC, lb/MBtu as CH4 (HHV} 0.0028 0.0084 0.0084 0.0028 0.0084 0.0083 0.0028 0.0084 0.0084
CTG VOC Emissions (Without Post Combustion Emissions Coetrel) T L R 3 Y % e EAG I i RE SRS o e
VOC Massflow (ivh) added to match CTG manufacturer's fbyh VOC emissions estimate 0.13 0.27 011 0.31 022 0.08 0.28 0.26
Additional percent margin inciuded In fh VOC emissions balow 0% 0’1 0% 01_1» 03_1 0%] Oﬂ m_&l
VOC percentage of UHC P | 50%) 5o 50%) so%] 50%]
VOC, ppmvd {dry, 15% 02 1.0 30 3.0 1.0 3.0 3.0 1.0 3.0 30
VOC, ppmvd (dry) 12 3s 3s 12 3s 34 12 34 33
VOC, ppmvw (wet) 11 33 33 11 32 32 hA) 32 31
VOC, ibh as CH4 3.0 71 6.7 27 6.5 6.1 24 5.9 56
VOC, /MBty a5 CH4 (LHV) 0.0015 0.0045 0.0045 0.0015 0.0045 0.0044 0.001S 0.0045 0.0045
VOC, t/MBtu as CH4 (HHV) 0.0014 0.0042 0.0042 0.0014 0.0042 0.0042 0.0014 0.0042 0.0042
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PSE FREDONIA ATTACHMENT A-4
FGS EXPANSION PROJECT

06-Dec-10

Puget Sound Energy - Fradonia

B&V Project Number 165510

Slemens SGT6-5000F4 - Simple Cycle Emissions Summary - Distliiate Ol

Case Number 1 E 4 5 L B £
CTG Model M SGIB-SWFJ- SGTE-S000F4) Md SGTE-5000F48 SG"B-WJ SGTE-5000F4) SGTE-S000F4
CTG Fuel Type DistiRate] Distilatef Distillate| Distitate} Disti¥ate) Distitate] Distitatad Distitatef
CTG Load 100% 75% TO% 100% 757 TO% 75% T
CTG Inlet Air Cooting o) (e ot Lo [y o Ot O
CTG Steam/Water Injection Water] Water] Water| Water] Wate: Water] Water| ‘Watal
Ambient Temperature, F T 7| 7] 51 51 51 B8} BH
HRSG Duct Firing Unfired] Unfired) Unfiredy LUinfired) Unfirex] Unfired Unfred) Linfirad|
Fue! Sutfur Content ﬂrahshOO Standard cubic fest) N/ N/A w\ N/) Nﬂ u N/AJ A
B oTe P e e W e0E ST T | — = T T e TR - =

Pescent margin included in PM10 emissions beiow o e | o] o%)
PM1I0 Emissions - Front Half Catch Only

PM10, lb/h 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 150

PM10, RYMBitu [LHV) 0.0074 0.0095 0.0100 0.0083 0.0104 0.0109 0.0092 0.0114 0.0120

PM10, In/MBtu {(HHV) 0.0070 0.0089 0.0084 0.0078 0.0097 0.0102 0.0086 0.0107 0.0113
PM10 Emisslons - Front and Back Half Catch

PM10. b/n 300 30.0 30.0 300 30.0 3.0 30.0 30.0 0.0

PM10, VMBtu {LHV) 0.0148 0.0189 0.0198 0.0165 0.0207 0.0218 0.0184 0.0228 0.0240

PM10, I/MBtu (HHV) 0.0140 0.0178 0.0187 0.0155 0.0194 0.0205 0.0173 0.0214 0.0225
€02, e 350,804 275,67 261,7 315,797} 252,07 239,427} 289, 217,484}
€02, /MBIt [LHV) 174, Wj 174.0} 174.(_1 174, 174ﬂ 174 174.g
CO2, WiMBH (HHV] 183 l 163. 163, l 163.4) 163.4) 163. 163, I 163.4}
Stack Emissions

__Stack Exheust -VolunmoBasis-Wet - || ) B

A 0.95 0.96%]

co2 3.74 3.69%]

H20 4. 4.02%]

N2 75.% 76.16%;

02 15.06¢ 15.18

S02 (after SO2 oxidation}
SO03 (after SO2 oxdation)

Total

Stack Exit Temperature, F

Stack Diameter, f (estimated) 230 230 230 230 23.0 230 230
Stack Flow, bh 4,835,317 4,660,414 5,671,906 4725222 4,553,380 5,440,005 4,597,929 4,431,269
Stack Flow, scfm 1,300,169 1,057,323 1,019,077 1,245,929 1,037,186 998,708 1,196,801 1,010,012 973,402
Stack Flow, actm 3,153.454 2,565,136 2,470,797 3,023126 2,515,394 2,422,399 2,902,243 2,449,930 2,359,651
Stack Exit Velocty, t/s 126.0 103.0 99.0 121.0 101.0 9.0 1160 9.0 95.0
Stack NOx Emlssions without the Effects of Selsctive Reduction et n] bl Y 5 i (SN
N vd {dry, 15% O2) 420 420 420 420 420 42,0 420 420 420
NOx, pomvd {dry) 8.4 3%.9 3.3 3.3 346 341 339 32.3 318
N vw (wel) 36.6 353 48 344 330 25 32.1 307 0.3
NOx, I as NO2 (inchudes corrsction adder) 362.0 2840 2700 326.0 2600 247.0 2520 238.0 224.0
NOX. /MBtu (LHV) as NO (incl. duct bumer fuet) 0.1795 0.1792 0.1795 0.17% 0.1794 0.1795 0.1791 0.1794 0.1792
NOx, ®/MBtu (HHV) as NO2 (incl. duct bumer tuel) 0.1686 0.1683 0.1685 0.1687 0.1685 0.1686 0.1682 0.1685 0.1683
e e T =y -+ - - — - - T N =F T o FTT T T T
NOx, ppmvd (dry, 15% 02) 5.0 50 5.0 5.0 5.0 50 5.0 50 50
NOx, ppmvd {dry) 46 44 43 43 4.1 41 40 38 38
N vw (wel) 44 42 4.1 4.1 39 39 38 37 36
NOx, &h as NO2_(inchudes NOx margin applied to CTG) 431 338 321 388 310 294 348 2.1 26.7
NOx, itvMBtu (LHV} as NO2 (incl. duct burner tust) 0.0214 00213 0.0214 0.0214 0.0214 0.0214 0.0213 0.0214 0.0213
NOx, ®/MBtu (HHV) as NO2 (incl. duct bumer tuel) 0.0201 0.0200 0.0201 0.0201 0.0201 0.0201 0.0200 £.0201 0.0200
SCR NH3 slip, ppnvd (dry, 15% 02) 100 100 10.0 100 100 100 100 100 100
SCR NH3 stip, th 305 240 228 215 219 208 247 19.9 18.9
_Stack CO Emissions without the Effects of Reduction 2 T ==l 2 Y % 2 =
CO, pomvd (dry. 15% 02) 100 300 10.0 300 30.0 100 0.0
CO, pomvd (dry) 9.1 259 86 247 24.3 8.1 227
CO, ppmvw (wat) 87 249 82 235 232 77 216
| CO, I (includes CO correction as applied to CTG and margin) 52.0 124.0 17.0 47.0 1130 1070 420 9.0
| CO, RYMBtu (LHV) (indl. duct bumer fuel) 0.0258 00782 0.0778 0.0259 0.0780 0.0778 0.0258 0.0776
CO, HMBtu (HHV) (in. duct bumer fusl) 0.0242 0.0735 0.070 0.0243 0.0732 0.070 0.0242 0.0729
~ Stack CO Emissions with the Effects of Cataiytic Reduction (CO Catalyst) A e | R RS i e = G v ] e e i es=remeieri] [EnT 2y
| CO, ppmvd (dry, 15% 02) 40 120 120 40 120 120 40 120 120
CO, ppmvd (dry) %4 105 104 3s 9.9 9.7 32 92 91
CO, pomvw (wet) 35 10.1 100 33 94 93 31 88 8.7
CO, vh {inciudes CO margin apphed to CTG) 208 496 468 188 452 428 168 412 38.8
CO, BYMBtu (LHV) (indl. duct bumer fuel) 0.0103 0.0313 0.0311 00104 00312 0.0311 0.0103 0.0313 0.0310
CO. BYMBtu (HHV} {inc. duct burner fue) 0.0097 0.0294 0.0292 0.0097 0.0293 0.0292 0.0097 0.0294 0.0291
Stack S02 Emissions without the Eftacts of 502 Scrubber, whhout 8020xidstion |} B b Sy DA r s e it >
Assumed SO2 oxdation rate in CTG, voi% 0.0% Y 0.0% 0.0%] 0. o o
Assumed SO2 oxidation rate in CO Catalyst, vot% 0.0%) 04 0.0% 0 o [ 0
Assumed SO2 oxidation rate in SCR, vol% 0.0%} 04 0.0%} 04 04 [ 0.0%
| SO2, ppmvd (dry, 15% 02) 0.2869 0.2869 0.2869 0.2868 0.2868 0.2869 0.2869 0.2869 0.2889
SO2, ppmvd (dry} 0.3509 0.3368 0.3311 0.3468 0.3305 0.3248 0.3412 0.3239 0.3186
SO2, pprovw (wet 0.3294 0.3182 0.3136 0.3231 0.3099 0.3054 0.3168 0.3028 0.2986
S02, bh 3.2018 25868 2.4562 2.9633 2.3654 2.2467 2.6609 2.1478 2.0408
SO2. WVMBtu (LHV) (indl. duct bumer fuei) 0.0016 0.0016 0.0016 0.0016 0.0016 0.0016 0.0016 0.0016 0.0016 |
$02, VMBIU (HHV) (incl. duct bumer fuel) 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015
Stack S02 Emissions without the Effects of $02 Scrubber, sfter 502 Owidation | D ] ] s veEmiraads] ¥ : WV,
Assumed SO2 oxidation rate in CO Catalyst, voi% 60.0%) 60, 60.0%) 60. 60, 60
Assumed SO2 oxidation rate in SCR, voi% 3.0% 3, 3.0%) 3 Y 3
SO2, ppmvo (dry, 15% 02) 0.08 0.09 0.09 009 009 0.09 0.09 0.09 0.09
S02, ppmvd (dry) 0.08 0.08 0.08 0.08 0.08 0.08 0.08 007 007
SO2, pprovw (wet 0.08 0.08 0.08 0.08 0.07 0.07 0.07 0.07 0.07
$02, b 1.09 0.85 081 0.8 078 074 0.88 o 0.67
502, BVMBtu (LHV) {incl. duct bummer fuel) 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
SO2, Ib/MBtu (HH! . duct bumer f 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
UHC, ppmvd (dry, 15% O2) 20 6.0 6.0 20 6.0 6.0
UHC, ppmvd 1.8 5.3 52 17 49 49 16
UHC, ppmvw 1.7 50 50 16 47 46 15
UHC. tt/h as CH4 (includes correction adder) 8.0 142 134 5.4 130 122 48 118 12
| UHC, /MBtu (LHV) (incl. duct bumer fuel) 0.0030 0.0090 0.0089 0.0030 0.0090 0.0089 0.0029 0.0090 0.0090
| UHC, IVMBIu (HHV) (incl. duct bumer fuel) 0.0028 0.0084 0.0084 0.0028 0.0084 0.0083 0.0028 0.0084 0.0084
Stack VOC Emissions without the Effect of Oxidation in a CO e e [, R BT e e ] s
| VOC, ppmvd {dry, 15% O2} 10 30 30 1.0 30 30 10 30
VOC, ppmvd (dry) 0.9 26 26 09 25 24 08 23
VOC, ppmvw (wet) 0.9 25 25 08 24 23 08 22
VOC, vh as CH4 _(inckudes correction adder) 30 7.4 67 27 85 6.1 24 58
VOC, ivMBtu {LHV) (incl. duct bumer fuel) 0.0015 0.0045 0.0045 0.0015 0.0045 0.0044 0.0015 0.0045 0.0045
VOC, VMBIt (HHV) (incl. duct burner fuel) 0.0014 0.0042 0.0042 0.0014 0.0042 0.0042 0.0014 0.0042 0.0042
Stack VOC Emlusions with the Effects ot Reduction AR RN AT CE IR x =N [ e G AR LB EE WA T | RS ERNENA T AR
| VOC, ppmvd (dry, 15% O2) 1.0 30 30 10 20 30 1.0 30 30
VOC, ppmvd (dry) 0.9 26 26 09 25 24 08 23 23
VOC, ppmvw (wet) 0.9 25 25 08 24 23 08 22 22
VOC, vh as CH4 (includes VIOC correction as appled to CTG) 30 71 6.7 27 6.5 6.1 24 59 56
VOC. mvMBtu (LHV) (indh. duct bumer fuel) 0.0015 0.0045 0.0045 00015 0.0045 0.0044 0.0015 0.0045 0.0045 |
VOC, ivMBt (HHV) (inci. duct bumer fuel) 0.0014 0.0042 0.0042 0.0014 0.0042 0.0042 0.0014 0.0042 0.0042
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Siemens SGT6-5000F4 - Simple Cycle Emissions Summary - Distillate Olf

Case Number 1 o E & 7 L E
CTG Model SGTB-5000¢4] SGTE 5000F4 SGTE-5000F4; SGTB-5000F4| SGTE-5000F4 SGTE-5000F4 SGTE-S000F4|
CTG Fuel Type Distilats! Distillate! Distifate| Distitatal Diztiate Distiftate Destiltate]
CTG Load 100% 100% 75% T mmal 5% 0%
CTG Iniet Al Cocting o} o o O 0 o ot
CTG Steam/Water Injection Water} Water] Water] Water] Wata) Waben ‘Watar]
Ambient Temperature, F 7

HRSG Duct Firng Unflred]

Fuel Suttur Content {grains/100 standard cubic test) N.I:‘ L

PO without the ETtects of S02 oxidation

D i

AT RSP

PM10 - Front Halt Caich Only
PMI10, h 15.0 150 15.0 150 15.0 15.0 150 15.0 150
| PM10, /M8ty (LHV] {inci. duct bumer fuel] 0.0074 0.0085 0.0100 0.0083 0.0104 0.0109 0.0092 0.0114 0.0120 }
| PM10, /MBtu (HHV) fned. duct bumer fuel) 0.0070 0.0089 0.0094 0.0078 0.0097 0.0102 0.0086 0.0107 0.0113}
PM10 Emlasions - Front and Back Halt Caich
PM10, bvh 30.0 0.0 30.0 30.0 30.0
PM10, BYMBtu (LHV) (incl. duct bumer hel] 0.0149 0.0188 0.0199 0.0185 0.0207
0.0140 0.0178 0.0187 0.0155 0.0194
= P i ol e =) = —
PM10 Emissions - Front Maif Caich Only
PM10, ih 196 18.6 18.4 19.1 183 18.1 18.7 18.0 17.8
PM10, th/MBtu {LHV] {incl. duct bumer fual) 0.0097 0.0117 0.0122 0.0105 0.0126 0.0132 0.0115 0.0137 0.0143
| PM10, YMBtu (HHV) (ncl. duct bumer fuel] 0.0091 00110 0.0115 0.0099 0.0118 0.0124 0.0108 0.0128 0.0134
PM10 Emisslons - Front and Back Half Catch
PM10, b/ U6 338 N7 33.0
PM10, fyMBtu (LHV) {incl. duct bumer fued) 0.0171 0.0212 0.0207 0.0251
PM10, &VMB !M E duct burner fusl) 0.0161 0.0199 0.0194 0.0235
_Tots!Eftectsof6020xidation T e e [ e [ ey =T 2
Total SO2 to SO3 conversion rale, %vol 67.0%{ 87.0%} 67. 67
Total Amount of SO2 converted 1o 03, fvh 221 173 1.78 1.44
Maximum Stack Ammonium Sutfate [(NH4]2-(SO4) 100% conversion from SO3] 455 358 368 2.97
Maximum Stack H2804 (assuming 100% corversion from SO3 to H2S04), ivh 273 220

CO2, e 350,804) 315,797 217,484
1 E@ /MBty &!] |74.2|» 174, |7l.g
€02, VMBI (HHY) 1634 163, 1634
Post Cq Control
b -
Saf ﬁ Conversion n CO ﬁ oy

CO removed in CO Catalyst, %wt

| CO removed in CO Catalyst, vh

| VOC removed in CO Catalyst, %wt

VOC removed in CO Catalyst, vh

 GoeciveCatsicRecucton(BcR}

L o | = e S TS

1. EMISSIONS ARE PRELIMINARY. NO GUARANTEES APPLY. NO MARGINS APPLIED.

2. The dry air composition used is 0.98% Ar, 78.03% N2 and 20.99%02

3. Standard conditions are defined as 80 F, 14.696 psia, Norm conditions are defined as 0 C, 1.103 bar
4. Al pprm values are based on CH4 calibration gas.

5. The CTG performance and emissions are based on runs provided by Siamens dated 3/15/2010

6. The distiiate ol used in estimates contains 15 ppm sutur content by weight.

7. The VOC/UHC ratio is assumed to ba 50%.

8. Effect of SCR and CO catalyst are included.

13. The SCR was designed to reduce the NOx stack emissions 10 5 ppmvd @ 15%02 for distitate od.

15. Tempering air has baen assumed 10 not contribute 1o stack emissions.

9. The tront hatf catch of particulate emissions is assumed to be half the amount of the front and back haif catch.
10. Where manufacturer data ol vh of polutant emissions were available, the greater of the manufacturer's estimate and B&V's estimate was used in the summary table, i.e. the BAV estimates were adjusted, where appiicable.
11. The estimated oxidation of SO2 in CTG Is assumed to be 15%. The SO2 - SO3 conversion in the CO catalyst is assumed to ba 60%.

12. The CO catalyst was designed 10 reduce the CO Stack emissions by 60% for all operating scenarios. While there was no VOC reduction,

NOx Removed in SCR, %wt 88.1 88.1#

NOx removed in SCR. lb/h 318.9 250.2

Ammonia Sip. 30.5 240
Notes:

14. Tempering alr mass flowrate to Emit stack exit o 800F for all cases, with a minimum alowable flowrate of 13,500 i¥hr.

AODITIONAL CALCULATIONS MAOE BY URS USING ABOVE DATA

Inform ale e 13 X
Stack Flow, sctm(dry) @ 7% 02 1,135,750
PM10, grains/dsct @ 7% 02 0.0020
b NOx/MWhr 0.19
b SO2/MWhr 0.00
Max PM10 gr/dsct 0.0025
Max i NOxMWI 0.22
Max ib SO2/MWhe 0.0

924,936

0.0023
0.20
0.00

892,078
0.0024
021
0.00

1.079.323
0.0021
0.20
0.00

899,585 666,813
0.0024 0.0024
0.1 0.21
0.00 0.00

1,031,906 871,722 840,730
0.0021 0.0024 0.0025
0.20 022 0.22

0.00 0.01 0.0t

ATTACHMENT A-4

June 2011



PSE FREDONIA ATTACHMENT A4
FGS EXPANSION PROJECT

7-Mar-11
Puget Sound Energy
PSE Permitting Support.
Fredonia
Simple Cyels Emissions - GE LMS100 - NG - 2.25 graina/100 scf Sulfur, Revision 2
Case Number 7| 10} 1 J
CTG Mogel P LMS100 P, - LMS100PA
CTG Fuet Type Natural Gas Natural Gas| Natural Gas|
CTG Load 50%| 75%] 30%)
CTG Iniot Alr Cooting off o] o]
CTG Steam/Water Injection Water] Watar] Water]
Ambient Temperature, F 51 88| 88|
HRSG Duct Firing Untired) Unfirad) Untirect
Fuel Suifur Content {graina/100 standand cubic feet) 225 225 225
Amblent Conditions
Ambient Temperature, F 7.0] 7.0 7.0 T. 51 AOI 51.0 51.9] 51.0 88.0] 88.0} 88.0] 88.0}
Ambient Retative Humidity, % 40.0} 40.0) 40.0) 40.0) 7s.o_|> 759 759) 759) 30.0) 30.0} 30.0} 30.0}
Atmosphoric Prassuro, psia 14.682 14.682 14.682 14.682 14.682 14.682 14.682 14,682 14.682 14,682 14602 | 14.682
Combustion Turbine Performance
CTG Performance Reference GE | (_EEI (_EEI ce| 95[ (EI ae| ae| G_EI G_El GE
CTG ntot Alr Conditioning Effectvencss, % 3 o o] of of of of of o of o] o
cTa It Ory Butb Tomporature, F 79) 7.0} 7.0} 79) s10] s1.0] 51.0) s10] 88.0) as.0| | 88.0)
c16 . Inlet Retative Humidty, % 406 406 40.6} 40.6] 75.1 75.1 75.1 75.1 0. 30.2] 30.2) 30.2]
Infet Loss, In. H2O, 50 50 50 50 5.0, 5.0 50 5.0, 50 5.0 50 50
Exhaust Loss, in. H20 120 120 120 120 120 120 120 120 120 12.0 120 120
CTG Load Leve! (parcent of Base Load) 100%| 75%] 50%| 30%; 100%| 75%) 50%| 30%| 100% 75%] 50%) 30%|
Gross CTG Output, kW 100,780 75,580 50,390 30,230 102,550 76910 51270 30,770 97,090 72,820 48,560 29130
Gross CTG Heat Rate, BLvkWh (LHV) 7841 8,430 9.627 11,634 7.898 8,457 9,615 11594 8077 8634 9,832 11,899
Gross CTG Heat Ralo, BruwkWh (HHV) 8,705 9,359 10,688 12,916 8,768 9,389 10,675 12,872 8,967 9,585 10916 13210
CTG Heat Input, MBtum 790.2 637.1 4851 3517 8098 650.4 4330 3568 7842 628.7 4773 3466
CTG Heat Input, MBtwh (HHV) 877.3 707.4 5386 3905 899.2 722.1 5473 396.1 8706 698.0 5299 3848
CTG Water'Steam tnjection Flow, ibh 26,700 19,700 13,200 8,000 25900 18,700 12,300 7,300 24,200 17,100 11,200 6,500
Injoction FhuiFuet Ratio 0.7 07 06 05 0.7 06 05 04 07 06 05 04
CTG Exhaust Flow, ibh 1,754,693 1,474,396 1,381,677 918,383 1,726,032 1,458,514 1,176,176 917,044 1,635,617 1,396,831 1,131,954 887,355
CTG Exhaust Temporature, £ 741 769 817 850 772 792 830 888 803 812 846 882
 Combustion Turblne Fusl ' e e e e [ LU= = IS e I e B
Towl CYG Fuel Flow, Ibh 30,130 22,940 16,630 30,760
CTG Fuel Temperature, F ka4 ke 7 rad
CTG Fuel LHV. 8lufb 21,143 21,143 21,143 21,143 21,143 21,143 21,143 21,143 21,143 21,143 21,143 21,143
CTG Fuel HHY, Bttt 23,473 23473 23473 23473 23,473 23,473 23473 23473 23473 23473 23473 23473
HHV/LHV Ratio 11162 1.1102 11162 1.1102 11102 11102 11102 11102 1.1102 11102 11102 1.1102
CTG Fuel Uttimate Wi
Ar 0.00%| 0.00%! 0.00%] 0.00%! 0.00%) 0.00%| 0.00%| 0.00%| 0.00% 0.00%)| 0.00%| 0.00%|
c 74.22%) 74.22% 74.22%} 7422%' 74.22%) 74.22%] 74.22%) 74.22% 7422%' 74.22%] 74.22%) 74.22%
H2 2451%) 2451%) 2451% 24.51%) 2451%) 2451%) 2451% 2451% 24.51%) 24.51%) 2451%) 24.51%)
N2 0.95%) 0.95% 0.95%) 095%| 0.95%] 0.95% 0.95%) 0.95%) 0.95%) 0.95% 0.95%| 0.95%)
02 0.31%) 031% 0.31%) 0.31% 0.31%) 0.31%| 0.31% 0.31%) 0.31%) 0.31%) 0.31%) 0.31%)
S 0.00758% 0.00758% 0.00758%| 0.00758%, 0.00758% 0.00758% 0.00758% 0.00758%| 0.00758%| 0.00758% 0.00758% 0.00758%
Total 100.00%| 100.00%) 100.00%| 100.00%] 100.00%] 100.00%| 100.00%) 100.00%) 100.00%) 100.00%) 100.00%| 100.00%|
Fuel Sultur Content (grains/100 siandard cubic feet) 2.25) 2.25] 2.25) zg‘ 2.25] 225 225) 225} 2.25| 2.25| 225} 225
Combustion Turbine Exhaust
CTG Exhaust Basty - T i Wil P L e e f . 3 [ 3 @ o el B X TR (2 e ey
Ar os2] 0.92% 0.93%] 0.93%] 091%[ 0.92%) 091%) 0.52%) 0.92%|
coz 3.72%| 357%) 3.40%] 3.18%] 3.86%) 3.67%| 2.46%| 3.70%)| 3.48%] 3.23%)
H20 9.77%) $.20% 8.53%) 7.71% 10.83% 10.14% 9.36%) 10.49%| 9.69%) 8.81%)
N2 73.26%) 73.59%) 739%% 74.45%j 72.54%) 72.94%) 73.38%) 73.87%] T2.69%] 73.14%} 73.63%)
02 12.33%| 1271% 13.16%) 13.72% 11.86%) 12.33%) 12.87%) 13.48%) 12.20%) 12.77%) 13.40%)
$02, (atter SO2 oxidation) 0.00013%| 0,00013%| 0.00012%] 0.0001 1% 0.00014%) 0.00013%| 0.00032%] 0.00012%)| 0.00013%| 0.00012%) 0.00012%
SO3, (atker SO2 axidation) 0.00001%| 0.00001%] 0.00001%| 0.00001%] 0.00001%| 0.00001%| 0.00001%| 0.00001%| 0.00001%] 0.00004%) 0.00004%
Total 100.0% 100.0% 100.0%} 100.0%} 100.0%) 100.0%) 100.0%) 100.0%) 100.0% 100.0% 100.0%)
Moecutar W1, ibmol 2823 2828 2834 2.4 2813 2819 2826 28.33 28.08 28.16 28.30
Specific Volume, °34b .18 30.83 31.97 3296 31,08 31.51 3239 3327 .91 3205 3365
Specific Volume, sctb 13.44 13.41 13.39 13.35 1349 1346 13.43 13.39 13.51 1348 13.41
Exhaust Gas Flow, actm 882611 757,594 629,637 504,498 894,372 765,963 634,939 508,501 869,676 746,141 497,658
Exhaust Gas Flow, scfm 393,051 329528 263,711 204,340 388,070 327,193 368,286 313821 198,324
7 mmmm mmm e by =2 1 3 (s Zon| BRI PHT L | E L  PAE R T e e TR R AT T T R TR ) A=
NOx Massflow Added to Match CTG Manufacturer's NOx Emissions Estimate, bvh 0.61 0.47 0.33 023 0.63 0.49 0.63 0.47 023
Additonal Parcent Margin inchudod In mass based NOx Emissions below 0%) 0%) 0%) 0% 0%) 0%) 0%) 0%| 0%)
NOx, ppmvd {dry, 15% 02) 25.00 25.00 25.00 25.00 26.00 2500 25.00 25.00 25.00 25.00 25.00 25.00
NOx, ppmwd (dry) 3055 29.18 2757 2555 32.10 30.32 2833 2611 3292 30.70 2857 2627
NOx, ppmvw (wet) 2756 2649 2522 2358 2862 2725 2568 2389 2819 2748 2580 2396
NOx, tvh as NO2 794 640 487 353 814 854 495 3558 788 632 48.0 348
NOx, (MBiy (LHV) 0.1005 0.1008 0.1004 0.1004 0.1005 0.1005 0.1004 01004 0.1005 0.1008 0.1005 0.1004
NOx, tyMBlu (HHV] 0.0905 0.0905 0.0904 0.0904 0.0905 0.0905 0.0905 0.0904 0.0906 0.0905 0.0905 0.0904
" eTaco Post Combustion Emissions Con ¥ TR S » - R
CO Massfiow Addad to Match CTG Manufacturer's CO Emissions Estimate, ivh 119 0.62 057 1.06
Additional Percent Margin inchuded in mass based CO Emissions below Q%) 0%| 0%) %) 0%)|
CO, pprnwd (dry, 15% 02) 7392 6127 6192 79.59 62.29 56.01 6339 90.31 £9.33 56.56 £8.46 10276
CO, ppmvd (dry) 90.31 71.50 6829 8135 7996 67.94 71.84 94.30 78.42 69.45 7824 107.98
CO, pprmvw (wat) 81.49 6492 8247 7507 71.30 6105 65.11 86.28 69.27 6215 70.66 98.47
CO, toh 1430 95.4 735 68.4 1236 89.1 763 788 1138 8.9 80.0 87.0
CO, MBlu {LHV) 0.1810 0.1497 0.1516 0.1945 0.1526 01370 0.1548 0.2208 0.1451 0.1382 0.1675 0.2511
CO, &YMBh {HHV) 01630 0.149 0.1365 0.1752 01375 0.1234 0.1394 0.1989 01307 0.1244 0.1509 0.2262
 CTG $02 Emissions 802 Ohrpcution, Withead Post Combuston Emisslons Cix VoL = RIS S PR T 2 s EVE R RS
S02 massfiow (lh) added to match CTG manufacturer's kvh SO2 emissions estimate 0.00 0.00 0.0 0.00
Additional Percent Margin included in itvh SO2 Emissions below 0.0%] 0.0% 0.0% 0.0%
Assumed SO2 oxidation cate in CTG, vol% 6.2% 6.2% 52% 6.2%
$02, . 15% O 1.2097 1.2097 1.2097 12097 12097 12097 12097 1.2097 12097 1.2097 12097 12097
$02, pprvd (dry) 1.4781 14119 1.3341 12364 1.5530 1.4674 1.3709 1.2632 15929 1.4853 1.3826 12712
$02, (wet 1333 1.2819 1.2203 11418 1.3848 1.3186 1.2426 1.1558 14124 13295 1.2486 1.1592
$02, h 5.3095 4.2808 3.2593 23628 5.4430 4.3703 3.3133 2.3969 5.2697 42254 3.2081 2.3287
S02, YMBt {(LHV) 0.0067 0.0067 0.0067 0.0067 0.0067 0.0067 0.0067 0.0067 0.0067 0.0067 0.0067 0.0067
S02, WMB (HHV) 0.0061 0.0061 0.0061 0.0061 0.0061 0.0061 0.0061 0.0061 0.0061 0.0061 0.0061 0.0061
_CTG UNC Emissions (Withou! Post Combuation Emisslons Controf) RIS | S a [ o Tl
UHC masshiow {ivh} added to match CTG manutaciurer's ivh CO emissions estimats 0.07 0.04 0.04 .02
Additional Percent Margin inchuded in (ivh UHC Emissions Balow 0.0%] 0.0%| 0.0%) 0.0%]
UHC, 15% 02 1041 10.0 100 10.6 10.0 100 100 1.6 100 10.0 10.0 1341
UHC, pprowd (cey) 123 17 10 108 128 121 1.3 124 132 123 14 137
UHC, porvw (wet) 11 108 10.1 100 14 109 103 1.4 1"z 11.0 10.3 125
UHC, i as CH4 1.1 89 68 5.2 13 LA 69 58 10 88 6.7 63
UHC, tyMBUu as CH4 (LHV) 0.0141 0.0140 0.0140 0.0147 0.0140 0.0140 0.0140 0.0162 0.0140 0.0140 0.0140 0.0183
UHC, BYMBUU a8 CH4 (HHV) 0.0127 0.0126 0.0126 0.0133 00126 00126 0.0126 0.0146 0.0126 00126 0.0126 0.0164
CTG VOC Emissions. ol Post Combustion Enisslons. Wt eate el | et =1F A = = g s i s e
VOC Massfiow (iot] added to match CTG manutacturer's ibh VOC emissions astimate 0.01 0.00 0.01 0.00
Additional percent margin included in ivh VOC emissions below 0%) 0%| 0% 0%|
VOC percentage of UHC 20%] 20%| 207%) 20r%) 20%) 20%) 20%)
VOC, ppmvd (dy, 15% 02) 20 20 20 21 20 20 20
VOC. pprwd (dry) 25 23 22 22 26 24 23
VOC, (wet] 22 21 20 20 23 2.2 21
VOC, B as CH4 22 18 14 10 23 18 14
VOC, yMBtu a3 CH4 (LHV) 0.0028 0.0028 0.0028 0.0029 0.0028 0.0028 0.0028 0.0032 0.0028 0.0028 0.0028 0.0037
VOC, &YMBtu as CH8 (HHV) 0.0025 0.0025 0.0025 0.0027 0.0025 0.0025 0.0026 0.0029 0.0028 00025 0.0025 0.0033
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SlmE E!e!lEmlsWu-GE LIISIM-NG-?JS!MWMS!‘M. Revision 2

Case Number

CTG Mode!

CTG Fuc! Type

CTG Load

CTG tnlet Air Cooting

CTG SteamyWator Injection
Amblent Temperaturo, F
HRSG Duct Finng

Fual Sutfur Contont {grain3/100 standard cublc foet)

e -mmsom&nmamm"

e

Percent margin inckided in PM10 emissions beiow

|___PM10 Emissions - Front Half Catch Onty

PM10, b 30 30 30 30 30 30 30 30 30 30 30 30
PM10, vMBl (LHW) 0.0038 0.0047 0.0062 0.0085 0.0037 0.0046 _ 0.0061 0.0084 0.0038 0.0048 0.0063 0.0087
PM10, VMBI (HHY) 00034 0.0042 0.0056 0.0077 0.0033 00042 00085 00076 0.0034 00043 00087 0.0078

PM10 Emissions - Front and Back Half Catch
PM10, oh B 6.0 5.0 60 6.0 6.0 6.0 6.0 60 6.0 6.0 6.0 8.0
PM10, M8 [LHV) 0.0076 0.0094 00124 | 0.0171 0.0074 0.0092 00122 001681 0.0077 0.0085 0.0126 0.0173
PM10, RYMBhs (HHY] =t 0.0088 0.0085 0.0111 0.0154 0.0067 £.0083 00110 0.0151 0.0069 0.0088 0.0113 0.0156
 Co2Emisslons S Rl e % e == e
€02, e sz392] 104,195 83650]
€02, Moty (LHY) 1286 1287 1286
__CO2, tyMbly (HHV} 1158 115.8 115.8 1159 1159
Stack Emissions
“vokmeBests-Wet =3 S
0.92% o92%] 0.93%) 0.52%)
370% 355% 3.32%) 365%) 3.32%)
8.72%) 9.14%] 8.34%| 10.08%| 9.01%)] 7.81%] 11.27%) 10.33%) 9.14%J 797%]
73.28%) 73.62%) 74.08% 72.97%| 73.55%] 74.18%) 72.24%)| 72.76%] 73.39%] 74.01%]
12.38%) 12.76%| 13.33%) 12.39%| 13.20%) 14.15%)| 11.67%) 12.35% 13.30%) 14.22%|

| 502 (atter 502 coacavon) 0.000050% 0.000050%) 0.000050% 0.000050% 0.000050% 0,000040%) 0.000050%) 0.000050% 0.000050%) 0.000040%

| 503 atter 502 cxication) 0,000090% 0.000090%] 0,000080% 0.000090% 0.000080% 0.000070% 0,000100% 0.000090% 0,000080%) 0.000070%)
Total 100.0% 100.0%! 100.0%| 100.0% 100.0% 100.0% 100.0%| 100.0%| 100.0% 100.0%]

Stack Exi Temperare, £ 737] 764} 800] 787] 800) 799] 799) 800] 800| 7o0)

Stack Diameter, t estmated) 120 120 120 120 120 120 120 120 120 120 120 szﬂ

Stack Fiow, Iovh 1,764,690 1,484,394 1,208,375 995,782 1,736,028 1,468,512 1,228,074 1,010,543 1,645614 1,422,329 1213352 1,001,464

Stack Flow, scfm 395,291 331,763 269,691 221.2% 390,029 329,437 274475 225183 370,638 219,313 271,387 223,324

Stack Flow, actm 910876 782277 854273 536561 922990 791,040 666,231 541,286

Stack Exit Velocily, 1V 1340 1150 96.0 790 1360 17,0 58,0 800

__Stack NOx Emissions without the Eftects of Selectve ] s Aaai = = T e

NOx, ppmvd (dry, 15% 02} 250 250 250
NOx, ppmvd (ory) 304 235 319 21
NOx, ppmvw (wot) 274 263 247 218 285 2.3
NOx, @vh a5 NO2 (includos commoction adder) 9.4 640 7 353 814 348
NOx, BYMBtu (LHV) a3 NO2 (incl. duct bumer fucl) 0.1005 0.1005 0.1004 0.1004 0.1005 0.1005 0.1004 0.1004 0.1005 0.1005 0.1005 0.1004
NOx, YMBu {HHV) as NO2 (incl. duct bumer fuel) 0.0905 0.0905 0.0904 0.0904 0.0905 0.0905 0.0905 0.0904 0.0908

_ Stack NOx Emissions wih the ETlacts of Setective Catatytic Raduction N T o
NOx, ppmvd (dry, 15% O2] 25
NO, pormvd (ory) 0
NOx, ppmvw (wel 27
NOx, tvh 23 NO2 (inciudes NOx margin apptied to CTG) 79 I
NOx, VMBI (LHV) as NO2 (inel. dut bumer fuel) 00100 00100 00100 00100 0,010 00100 00100 00100 0010 00100 00100 00100
NOX, YMBIY (HHV) as NOZ (inc. et bume fuel) 0.0091 0.0090 0.0080 0.0090 0.0091 00091 00000 00090 0,009 0.0091 00080 0.0000
SCR NH3 stip, ppmvd (dry, 15% 02} 100 10.0 100 10.0 100 100 100 100 100 100 100 100
SCR NH3 stp, oh nz 94 72 52 120 96 73 53 16 93 7 54

T T — T = = ; = = T
CO, ppmvd (dry, 15% 02} 796
CO, pomvd (dry) 71.0 747
o, (e 645 69.3 61.1 669 87.4
CO, ih CO correction as to CTG and may 954 68.4 1236 763 78.8 138 8.9 80.0 87.0
| CO, tyMBhu (LHV) (incl. duct bumer fuel) 0.1810 0.1497 0.1945 0.1526 0.1548 0.2208 0.1451 0.1382 0.1675 0.2511
CO, YMBl (HHV) (inci. duct bumer fuel) 0.1630 0.1349 0.1752 0.1375 01234 0.1394 0.1989 0.1307 0.1244 0.1509 0.2262

S

45 3.0 28

€O, pprwvd (dry, 15% O2)
CO, ppawd {dry) 43 ag 34
0, wet] 39 34 34
CO, i (incudes CO margin appiied to CTG) 3s 57 43
| CO, tMBh (LHV) (inel. duct bumer fusi) 0.0091 0.0075 00110 0.0073 0.0069
| CO, YMBM (HHV) (incl. duct bumer fuoi) 0.0082 0.0067 0.0098 0.0065 0.0062
Stack 802 Emissions without the Effects of 802 Soubber, wibout §020xidation | 23] s = 2= S5 Mot '—?-'-"-ﬂ'd? e U] e
Assumod SO2 axidation rato in CTG, voi% 0.0% 0.0% 0.0%| 0.0% o»-ﬂ 0.0%)
Assumod SO2 oxidation rate in CO Catsiyst. volt 0.0% 0.0%) 0.0%| 0.0% 0.0% 0.0%)
Assumed SO2 oxidation raie in SCR, voi% 0.0% 0.0% 0.0% 0.0% 0.0%) 0.0%)
S02, . 15% O 1.2894 1.2894 1.2894 1.2894 1.2894 1.2894 1.2894 1.2894 1.2894 1.2894 1.2854 1.2894
SO02, pprvd (dry) 1.5755 1.5049 1.4220 13179 16553 1.5641 14512 1.3484 1.6978 1.5832 1.4737 1.3549
S0z, we) 1.4215 1.3664 1.3007 1.2163 1.4760 3.4085 1.3245 12319 1.6054 14971 1.3309 1.2356
S02,Ih 56593 45628 34740 25185 5.8016 46582 35316 25548 56169 45038 34194 2.4821
SO2, MBI (LHV) (incl. duct bumer uef) 0.0071 0.0071 0.0071 0.0071 0.0071 0.0071 0.0071 0.007% 0.0071 0.0071 0.0071 0.0071
SO2, &YMBU (HHV) (inel. duct bumer fuel) 0.0065 0.0065 0.0065 0.0065 0.0065 0.0065 0.0065 0.0065 0.0065 0.0065 0.0065 0.0065
T e =~ FeeeE ——— e —_— — T T
Assumed SO2 axidation rato in CO Catalyst, voi% 60.0% 60.0% 60.0%) 60.0% 60.0%
Assumed SO2 oxidation rate In SCR, voi% 2.0%) 30%) 3.0%] 3.0%] 3,0%)
S0z, 15% O 0.47 0.47 0.47 0.47 0.47 0.47 0.47 047 0.47 0.47 0.47
057 054 050 0.4 060 057 051 0.4 061 050 043
051 0.49 0.45 0.1 053 051 0.45 0.41 054 045 0.40
1.66 1.26 0.92 211 170 128 093 204 1.24 090
0.0026 0.0026 0.0026 0.0026 0.0026 0.0026 0.0026 0.0026 0.0026 0.0026
0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 00023) 0.0023
i ¥ s = [ ) RSy - i X T e et | B et A PR TSNS
109 100 106 100 10.0 100 16 100 100 13.1
116 108 99 128 120 108 109 134 106 121
105 99 92 1.4 108 98 101 16 96 114
UHC, ivh as CH4 (inchudes correction adder) 89 68 52 $1.3 LX) 69 58 110 67 63
UKC. &YMBH (LHV) (incl. duct bumer fucl) 0.0140 00140 0.0147 0.0140 00140 0.0140 0.0162 0.0140 0.0140 00183
UHC, iyYMBH (HHV) (incl. duct bumer fuel) 00126 00126 0.0133 0.0126 00126 00126 00146 00126 00126 00164
$tack VOC Emissions mithoed the Eflect of Gxidalion in & CO- T — = e ke —is =)
vOC, 15% 02) 20 24 20
VOC, ppmvd (dry) 22 20 26
VOC, pomww (wel) 20 18 23
VOC, Ibh as CH4 (includes comrection adder) 18 1.4 1.0 23
VOC, RyMBtu (LHV) (incl. duct bumer fuef) 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 0.0032 0.0028 0.0028 0.0028 00097 |
VOC, kyMBtu (HHV) (incl. duct bumer fuef) 0.0026 0.0026 0.0025 0.0027 0.0026 0.0025 0.0026 0.0028 0.0025 0.0025 0.002§ 0.0033
Stack VOC Emissions with the Eflects of & PR [« Heszad = R EE s (SEOEE = =
VOC, ppmvd (dry, 15% 02) 20 20 20 20 26
VOC, ppmvd (dry) 23 22 26 26 24
VOC, ppmvw {wet) 2.1 20 23 23 22
| VOC, Ivh as CH4 (incudes VOC commection as applied to CTG) 18 14 23 22 13
VOC, /MBIt (LHV) (inel. duct bumer fugi) 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 0.0037
VOC, I/MBt (HHV) {ingt. duct bumer fuel) 0.0025 0.0025 0.0025 0.0027 0.0025 0.0025 0.0025 0.0028 0.0025 00025 0.0025 0.0033
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S_llﬂgﬂe Emissions - GE tMS100 - NG - 2.25 grains/100 scf Sulfur, Revision 2
Case Number —. 1 = zl - :ll 5| 6| 8| 9} 10 11 1
CTG Mocet | wsworal usiooea] uwsicoralLwsic ~ weswooeal wasworal | msioe 100 PA 1 s
CTG Fue! Type Natural Natural Gas| Natural Gas| Naturab Nawral Gas| Natural Gas Natural Natural Gay Natwra Natural Naturab Naturaé
CTG Load 1 75%| 50%| 30%,| 100% 75%] 30%| 100% 75%) 50%| 30%)
CTG Inlet Air Cooting Off| off o) o] Off o ot off on|
CTG SteamvWater injection Wal Water] Waler] Wal Water Wale Wate! Waar} W Wi Wi Wi
Amtxent Temperature, F 7| 7| 51 51 51 51 88| 88 88 88
HRSG Duct Finng Uni Unfired Unfired| Un Unfiredk ‘Uinfirod Unti Unitired] u Un!
Fuel Suttur Content {grains/100 standard cubic feel) 2.25] 225) 2.25 2. 2.25) 2.25) 2.25] 225 225 225
P10 without the Bitects of 502 axddation ! 5 =
PM10 Emissions - Front Half Catch Only
PM10, Ibh 3.0 30 30 3.0 30 30 3.0 30 30 30 3.0 30
PM10, IMBty (LHV]) (incl. duct bumer huol) 0.0038 0.0047 0.0062 0.0085 0.0037 0.0045 0.0061 0.0084 0.0038 0.0048 0.0083 0.0087
PM10, IMBy (HHV] (incl. duct bumer fusd) 0.0034 0.0042 0.0056 0.0077 0.0033 0.0042 0.0055 0.0076 0.0034 0.0043 0.0057 0.0078 |
PM10 Emissions - Front and Back Half Catch
PM10, vh 6.0 6.0 60 6.0 6.0 6.0 6.0 6.0 6.0 6.0 60 6.0
PM10, I"MBtu (LHWV) (incl. duct bumer Hudl) 0.0076 0.0094 0.012¢ 0.0171 0.0074 0.0092 0.0122 0.0168 0.0077 0.0095 0.0126 0.0173
PM10, l/MBtu inci. duct bumer 0.0088 0.0085 0.0111 0.0154 0.0067 0.0083 0.0110 0.0151 0.0069 0.0086 00113 0.0156
P10 with T Effects of $02 Oxd
P10 Emissions - Front Half Catch Only
PM10, b 104 8.0 78 6.3 10.6 9.1 76 6.4 10.4 8.9 75 6.3
PM10, IMBlu (LHV) (incl. duct bumer husi) 0.0132 0.0141 0.0156 0.0179 0.0131 0.0140 0.0155 0.0178 0.0132 0.0142 0.0167 0.0180
PM10, vMBtu [HHV} {incl. duct bumer fusl} 0.0119 0.0127 0.0140 0.0161 0.0118 0.0126 0.0138 0.0160 0.019 0.0128 0.0141 0.0163
PM10 Emissions - Front and Back Half Catch
PM10, Ibh 13.4 120 106 83 136 121 106 9.4 134 19 105 83
PM10, vMBty [LHV} (el duct bumer hudl) 0.0170 0.0188 0.0218 0.0265 0.0168 0.0186 0.0216 0.0262 0.0170 0.0189 0.0220 0.0267
PM10. YMBW [H ., duct bumer 0.0153 0.0168 0.0196 0.0238 0.0151 0.0168 0.0194 0.0236 0.0154 0.0171 0.0198 0.0241
| Tows Efectz of | 3 5 =
Total SO2 to SO3 conversion rals, %vol 63.6%) 63.6%) 63.6%) 63.6%) 63.6%) 63, 83 B3.6%| 63.6%] 63.6%) 63.6%)
Total Amount of SO2 converted to SO3, bh ' 380 290 221 1.60 3.69 296 225 162 357 2.86 217 158
Maximum Stack Ammonium Sulfate [[NH4| 100% convorsion trom SO3) 7.42 599 4.56 330 761 6.11 463 335 7.37 5.91 449 326
Maximum Stack H2504 (assuming 100% conversion from SO3 to H2504]. ok 551 444 3.38 245 585 454 3. 249 5.47 4.39 333 242
coa‘wwg_u_ul 1159 1158 1158 1158 1159 1159 1159 158 1159 1159 1158
Post Control
Ly :Conversion InCOCatalyst o R e e | R s [ A
CO removed in CO Catalyss, %wl 954 _95.0% 95.0%) 85.0%) 95.0%) 954 95 95.0% 95.0%] 85.0%] 95.0%) 95.0%)
CO removed in CO Catatyst, boh 135 # Gﬂl 65, RTE2 845 72. 748 108.1) 823} 760 82
VOC removed In CO %wt 0.0%) 0.0%| 0.0%] 0.0%) 0.0%) 0.0%) 0. 0.0%) 0.0%] 0. 0.0%) 0.0%)
VOC removed in CO h 0.0 0.0] 0.0] 0.0, 0.0] 0. 0. 0.0] 0.0] 0.0] 0.0] 0.0
NOx Removed In SCH. %wt 904 90.0%| 90, 50.0%) 90.0%) 90. 90. 50.0%| 90.0%| 90.0%) 50.0%, 90.0%)
NOx removed In SCA, Ibh ns 576 438 AP 73.3 588 4“8 322 71.0 568 432 a3
Ammonia Siip, Ioh 1.7 9.4 72 5.2 12.0 96 73 5.3 116 983 7.1 5.1
[Noto:
1. EMISSIONS ARE PRELIMINARY. NO GUARANTEES APPLY, NO MARGINS APPLIED.
2. The dry air composition used Is 0.98% Ar, 78.03% N2 and 20.99%02
3. Standard conditions are defined as 60 F, 14.696 psia, Norm conditions are dafinad as 0 C, 1.103 bar
4. A pom values are based on CH4 callbration gas.
5. The CTG performance and emissions ara based on runs provided by GE dated 2/11/2011
6. The natural gas used in estmates contains 2.25 grainy/100 SCF of sulfur content.
7. Tha VOC/UHC ratio is basa on CTG performance data provided by GE dated 2/11/2011
8. Etfectof SCR and CO catalys! are included.
9. The front haif catch of partcutate emissions is assumed 10 be haif the amount of the tront and back halt catch.
10. Where manufacturer data of ivh of poltutant emissions were avaitable, the greater of the manufacturer's estimate and B&\V's estimate was used in the summary table, |.e. the B&V estimates were adjusted, where appiicable.
11. The estmated cddation of SO2 in CTG Is based on performance data provided by GE. The SO2 - SO conversion In the CO catalyst Is assumed to be 60%.
12. The CO catalyst was designed to reduce the CO Stack emissions by 55.0% for all operating scenarios. No VOC reduction was assumed.
13. The SCR was dasigned to reduce the NOx stack emissions t0 2.5 ppmvd @ 15%02 for natural gas
14. Tempering alr mass fiowrate controlied to imit stack oxit temperature to 800F for a8 cases, with a minimum aflowable flowrate of 10,000 thr.
15. Tempering alr has been assumed to nol contribute to stack emissions.
ADDITIONAL CALCULATIONS MADE BY URS USING ABOVE DATA
information used to compare values with emxssion standards (federal, state, loca), and NSPS):
16 NOX/MWhr 0.08 o.08 .10 o2 0.08 0.08 0.10 012 0.08 0.09 0.0 aaz2
b SO2/MWhr 0.02 o2 0o o3 0.02 0.02 o0z o003 0.02 0.02 o.03 0.03
Max b NOXWMWhr 0.12
Max lb SO2/MWhr 0.03
Ad-30 June 2011
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Hgﬁm-ﬁ LMS1M~NG-3.“MM.¢'NM.NMMZ
Case Number 3 4 5| §|
CTG Model LMS100 LMS100 PAJ LMS100 PA LMS100 P, ¥ G
CTG Fuol Type Natural Gas| Natura Gas| Natural Gas| Natural
CTG Load 50%| 30%| 100%| 75%]|
CTG Inlet Air Cocting ot ot ot off
CTG Steam/Water Injection Water Water] Water] w
Ambient Temperature, F 7| 51 81
HRSG Duct Finng Unth Unfireci] Unfived Unl
Fuel Sultur Content m 100 standard cubic loat) 3.48) 3.48) 348} 3.48]
Amblent Conditions
Ambient Temparatire, F 7.0! 7. 7.0] 7.0] 51.9] 51.0] 51.0] 51.0] M.DI 88.0}
Amblent Relative Humidily, % 40,% 40.0 40.0| 40.0] 75.0] 75.0| 75.0] 75.0} N.OI 30.0|
Ammaaghenc Pressure, paia 14. ﬁ |4£2 14.682 14,682 14,682 14,682 14,682 14,682 14,682 I 14.682
Combustion Turbine Performance
CTG Performance Reference GEI G_El GE| ae| G| G| GE| o] s_g' G_sl e_e'
CTG inkot Alr Conitioning Etlsctveness, % of of of 0 3 of o of o] of |
CTG Comprossor Inlet Dry Bulb Temperatun, F 7.0, 74 7.0] 7.9] 51.0] 5 .Dl 51.0} M.DI 88.0] 88.0| M.DI
CTG Compr. Inet Relative Humidity, % 40.6, 40.6 406 405 75.1 75.1 75.1 30.2} 30.2] 0.2 30.2
Iniet Loss, in. H20 50 50 5.0 5.0 50 50 50 50 50 5.0 50 50
Exhaust Loas, in. H2O 120 12.0 120 120 120 120 120 120 120 120 120 120
CTG Load Level {percant of Basa Load) 100%) 75%] 50%] 30% 100%} 75%] 50%) 30%) 100%| 75%) 50%)| 0%
Gross CTG Output, kW ; . 100,780 75,580 50,390 30,200 102,550 76910 51270 30,770 97,000 72,820 48,550 29.1%
| Gross CTG Heat Ram, BkWh [LHV) 7841 8,430 9627 11,634 7.898 8,457 9615 11,594 8,077 8634 9,832 11,889
Gross CTG Heat Rata, Bu/kWh (HHV) 8,705 9355 105888 12,916 8,768 9,389 10,675 12872 8,967 9,586 10916 13210
CTG Heat Input, MBI [LHY] 7902 637.1 485.1 3517 8099 650.4 493.0 356.8 784.2 6287 4773 3466
CTG Heat input, MBiwh (HHV) 8773 707.4 538.6 390.5 899.2 7221 5473 396.1 870.6 698.0 5300 3848
CTG WalerSteam Injoction Flow, toh 26,700 19,700 13,200 8,000 25,900 | 18,700 12,300 7,300 24,200 17,100 11,200 6500
Injection Flukd/Fuel Ratio 07 07 0.6 05 0.7 0.6 05 04 0.7 0.6 05 04
CTG Exhaust Fiow, lvh 1,754,693 1,474,396 1,181,677 918,383 1.726,032 1,458,514 1,176,176 917,044 1,635617 1,396,831 1,131,954 887,358
CTG Exhaust Temparmature, F 74 769 817 880 772 792 830 868 803 812 846 882
__Combustion Turbine Fusd S e == = —
Total CTG Fuel Flow, fvh 18,630 16,390
CTG Fuel Temparature, F 7 7 77
CTG Fuel LHV, BuAb 21,142 21,142 21,142 21,142 21,142 21,142 21,142 21,142 21,142 21,142 21,142 21,142
CTG Fuel HHV, Buib 23,472 23,472 23,472 23,472 23,472 23,472 23472 23,472 23,472 23472 22,472 23,472
HHVAHV Ratio 1.1102 1.1102 1.1102 1.1102 1.1102 11102 1.1102 1.1102 1.1102 1.1102 1.1102 1.1102
CTG Fuel Ultimats Wi
Ar 0.00%] 0.00%)} 0.00%) 0.00%| 0.00%)} 0.00%| 0.00%} 0.00%| 0.00%| 0.00%)} 0.00%}
[v] SR ) 74.22%| 74.22%) 74.22%] 74.22%] 74.22% 74.22%] 74.22%] 74.22% 74.22%) 74.22%) 74.22%]
H2 24.51%) 24.51%) 24.51%) 24.51%) 24.51%) 2451%] 24.51%] 24.51%] 24.515&‘ 24.51%] 24.51%]
T — ; 0.95%) 0.95%| 0.95%) 095%) 095% 0.95% oss%l 0.95%) 0.95%| 0.95% 0.95%]
02 0.31%] 0.31%] 0.31%} 0.31%} 0.31%] 0.31%] 0.31%] 0.31%] 0.31%] 0.31%] 0.31%] 0.31%]
S 0.01171%] 0.01171%] 0.01171%| 0.01171%| 0.01171%| 0.01171%) 0.01173%) 0.01171%) 0.01171%) 0.01171%) 0.01171%) 0.01171%)
Tota) 100.00%; 100.00%) 100.00%| 100.00%) 100.00%] 100.00%| 100.00%)| 100.00%) 100.00%) 100.00%} 100.00%)| 100.00%|
Fuel Sulfur Content !E_a_noo standard cublc lnel| 3.48] S.Q_H 3.48] 3.4_!1 3._4_6’ 3.42‘ 3,4d 3.48] 3.48] 3.48] 3.48) 3.48]
Combustion Turhine Exhaust
oo = iy .—I " T N e TR ey v ———r o =
Ar 0.92%] OSZ‘LI 0.93%| 0.93%] 0.91%] 0.83%] 0.91%] 0.91%] 0-82‘LI
co2 3.72%| 3.57% 3.40%| 3.18%] 3.86% 3.22%) 3.94%) 3.70%| 3.48%]
H20 9.78%| 9.21%] 8.53%| 7.71%] 10.83%| B.50%) 11.33%) 10.48%] 9.69%]
N2 73.25%) 73.59%] 73.99%) T74.45%) 72.54% 73.87%! 72.21%) 72.69%] 73.14%]
o2 12.33%) 12.71%; 13.15%) 13.72%) 11.86%| 18.465&’ 11.62% 12.21%| 12.77%|
S02, (atter 502 oxidation) 0.00021%| o.ooomi 0.00019%, 0.00018%) 0.00021%] 0.00018%] 0.00022% 0.00021% 0.00019%|
1 S03, (atter SO2 oxidation| 0.00001%, 0.00001%, 0.00001%| 0.00001%| 0.00001%] 011)001"' 0.00001%:; 0.00001%] 0.00001%|
Total 100.0% 100.0% 100.0%) 100.0%| 100.0%) 100.0%; 100.0%; 100.0%; 100.0%;
Molecular Wt, lo'mol 28.23 2828 28.34 28.41 2813 2819 2826 28.33 28.08 28.16 2822 2830
Specitic Volume, b 30.18 3083 31.97 3286 31.09 31.51 3239 2 Frd 319 3205 3284 3365
Specilic Volume, sctid 13.44 13.41 1339 13.35 13.49 13.46 13.43 1339 13.54 13.48 13.44 13.41
Exhaust Gas Flow, actm 882611 757,594 629,637 504,458 894,372 765,963 634,939 508,501 869,876 746,141 619,556 497,658
Exhaust Gas Flow, sctm 393,051 329528 263711 204,340 388,070 327,193 263,267 204,654 3
" CTG NOx Emissions | Y —— . T = S e = x T = =, e | ST i (e i
NOx Massfiow Added o Match CTG Manufacturer's NOx Emissions Estimate, tbh 0.59 0.45 031 023 0.63 0.50 033 023
Additonal Percent Margin included in mass basod NOx Emissions below 0%) 0% 0% 0%) 0% 0% 0%) 0%|
NOx, pprmvd (dry, 15% 02) 25.00 25.00 2500 2500 25.00 25.00 25.00 2500 8500 2500 2500 2500
NOx, pprvd (dry) 30.55 219 27.58 2555 32.09 30.32 2833 26.11 3292 3069 2857 2627
NOx, [wot 2757 26.50 8523 2358 28.62 2725 2668 2389 219 27.47 2580 2395
NOx, thh as NO2 79.4 640 48.7 353 81.4 65.4 495 358 788 832 48.0 348
NOx, M8l (LHV) 0.1005 0.1005 0.1004 0.1004 0.1005 0.1005 0.1004 0.1004 0.1005 0.1005 0.1005 0.1004
NOx, /MBtu (HHV] 0.0905 0.0905 0.0904 0.0904 0.0905 0.0905 0.0905 0.0904 0.0906 0.0905 0.0905 0.0904
= o g = = < = — 5 ~ ~ = — T ——
CO Massfiow Added to Match CTG Manufacturer's CO Emissions Estimato, ivh 1.16 0.5% 054 0.44 1.06 089 0.54
Additonal Percent Margin included in mass based CO Emissions below O%| %) %) 0%| 0%, %) 0%|
CO, , 15% 02) 7382 61.27 61.92 7959 6229 56.01 6339 90.31 59.33 56.56 68.46 102.76
CO, ppmvd {dry) 90.34 71.53 68.32 81.34 79.96 6794 7183 94.30 78.12 69.45 78.24 107.98
CO, ppranvw (wet) 8151 5494 62.49 75.07 71.30 6105 8541 828 69.27 62.16 7056 98.46
COC, b 143.0 95.4 735 68.4 1238 89.1 763 788 1138 869 80.0 87.0
CO, tYMBlu (LHV) 0.1810 0.1497 0.1518 0.1945 0.1526 0.1370 0.1548 0.2208 0.1451 0.1382 0.1675 0.2511
CO, WMB {HHV) 0.1630 0.1349 0.1365 0.1752 0.1375 0.1234 0.1394 0.1989 0.1307 0.1244 0.1509 0.2262
CTG 802 Emissions (Aer 802 Without Post Combustion Emnissions % ] SR 1 2 o TR = T BT =
'S02 masstiow (i) added to match CTG manufacturer's lvh SO2 emissions estimata 0.00 0.00 0.00 0.00 0.00 0.00
Additional Percent Margin inchuded in loh SO2 Emissions below 0.0%)| 0.0%)] 0.0%) 0.0%) 0.0%)| 0.0%)]
Assumed SO2 oxidation rats in CTG, vort 6.2%| 6.2%) 6.2%] 62_%i 6.2%) 6.2%)
$02, ppmvd (dry, 15% 02) 1.8696 1.8696 1.8696 1.8696 1.8696 1.8696 1.8696 1.8696 1.8696 1.8696 1.8696 1.8696
$02, ppmvd (dry) 2.2850 2.1827 2.0627 1.9108 2.4001 22678 21186 1.9523 24618 2.2955 21367 1.9645
S02, ppmvw (wot} 20616 1.9818 1.8867 1.7635 2.1402 20379 1.9203 1.7863 21829 2.0547 1.9296 1.7914
502, tvh 82077 6.6180 5.0393 36515 8.4119 5.7541 5.1205 3.7042 8.1440 6.5302 4.9580 3.5988
S02, YMB (LHV) 0.0104 00104 0.0104 0.0104 0.0104 0.0104 0.0104 00104 0.0104 00104 0.0104 0.0104
502, MBty (HHV) 0.0094 0.0094 0.0094 0.0094 0.0094 0.0094
CTQUNC Emiselons (¥ Post Combustion Ensslons s = o
1 UHC massfiow {fvh) added to match CTG manutacturer's lvh CO emissions estmate 0.02 0.02 0.03 l 0.05 0.03 0.03 0.02
Additional Percent Marpin inchuded in tivh UHC Emissions Below 0.0%] 0.0%) 0.0%] 0.0%} 0.0%| 0.0%| 0.0%| 0.0%)
UHC, 15% O2) 10.1 10.0 100 10.6 100 100 116
UHC. ppwd {dry) 123 11.7 1.0 108 121 1.3 121
UHC, pomvw (wot) 1.1 106 0.1 100 109 103 311
UHC, vh as CH4 11.1 89 6.8 5.2 9.1 89 58
UHC. RvMBtu as CH4 (LHV) 0.0141 0.0140 0.0140 0.0147 00140 0.0140 0.0162
UHC, ivMBtu as CH4 (HRV) 0.0127 0.0126 0.0126 0.0133 0.0126 0.0126 0.0146
" CTG VOC Emissions Post Combustion Emissions. e i e [ Sy s ==
VOC Masstiow {lvh) added lo match CTG manufacturers bh VOC emissions estmate 0.01 0.00 201
Additional perceni margin included in Rvh VOC emissions below 0% 0%) 0%
VOC percentage of UHC 20%; 20%| 20%| 0% 20%] 20%]
VOC, ppmvd (dry, 15% O2) 20 21 20 20 20 23
VOC, powd (ary) 22 22 26 24 23 24
VOC, ppmvw (wet) 20 20 23 22 21 22
VOC, tvh as CHY. 14 1.0 23 1.8 14 1.2
VOC, MBH as CH4 (LHV) 0.0028 0.0028 0.0028 0.0028 0.0028 0.0032 0.0028 0.0028 0.0028 0.0037
VOC, tyMBlu as CH4 (HHV) 0.0025 0.0027 0.0025 0.0025 0.0025 0.0023 0.0025 0.0025 0.0025 0.0033
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Stmple Cycla Emissions - GE LMS100 - NG - 3.48 graina/100 scf Suttur, Revision 2
Case Number 1] 2 1
C7G Mooct LMS100 PA LMS100 PA| LMS100 P} LMS100 Pi ‘wms100PA]
CTG Fuel Type Natural Gas| Natural Gas| Natural Gas Naturad Natural
CTG Load 100% 75%] 50%| 0%, 50%]
CTG Inlet Air Cooling ot} ofi| ot ot
CTG Steamy/Water Injection Water] Waier] Water| W, Wi
Ambient Temperature, F 7] 7| 7| 7| 8a|
HRSG Duct Firng [ Unhrad] Untired| unt
Fuel Sulfur Conterit ig-\___lﬂm standarg cubic leeq 3.4!' 3;4_“ 3.4_.3_ 3.48 3.48)
|___CTG PM10 Emissiors (without the Effects of SO2 Caeidation) e ¥ 4 =l [
Percent margin inchided in PM10 emissions below %) %) % o
PM10 Emissions - Front Halt Catch Oniy
PM10, b 30 a0 30 3.0 30 30 30 3.0 3.0 30 30 30
| PM10, YMBty LHV) 0.0038 0.0047 00062 0.0085 00037) 00046 0.0061 0.0084 0.0038 0.0048 0.0063 0.0087
] PM10, i/MBty (HHV) 0.0034 0.0042 00056 0.0077 0.0033 0.0042 0.0055 0.0076 0,0034 0.0043 0.0057 0.0078
PM10 Emlssions - Fron! and Back Halt Catch
PM10, oh 60 6.0 69 50 60 60 60 60 60 60 60 60
| _PM10, yMBY (LHV) 0.0076 00094 00124 00171 0.0074 0.0092 00122 0.0168 0.0077 0.0095 00128 00173
PM10, yMBty {HHV) 0.0068 0.0085 00111 0.0154 0.0067 0.0083 00110 0.0151 0.0069 0.0086 00113 0.0158
__CO2Emisslons R — e & SR I =t Rl e e e s ey | RO | =H e
CO2, hr 101,661} 81,970 62, 4|S* IM,LB_Q! 657 45,881 100,872] 80,
CO2, oMbty (LHV) 128.7 128.7 128.7 128.6 128.6 1286 1286 1286 128.6 1287 1287 1285
COZ, tyMbu (HHY} 1159 1158 1159 = 1158 1159 1159 1159 1158 1159 115.9 1159 115.8
Stack Emissions
Ar 092% os&l 0.9% 0.92%)
coz 3.70% 355% 3.33%) 365% 3.25% 287%)
H20 8.72%| 9.|5$2I 8.34%) 10.08%)| 5.01%)] 7.81%] 11.27%] 10.33%| 9.14%) 7.97%|
N2 73.28%] 73.62%] 74.07%| 72.97%) 73.55%) 74.18%] 72.24%) 72.76%) 73.39%) 74.01%)
02 12.38%) 12.76%| 13.33%) 12.39%) 13.20%) 14.15%)] 11.67%)| 12.35%) 13.30%) 14.22%)
SO (after SO2 cxdidation) 0.000080%| 0.000080%} 0.000070%) 0.000080%) 0.000070%| 0.000060%| 0.000080%) 0.000080%| 0.000070%| 0.000060%|
S03 (aftar SO2 cxidation) 0.000140%) 0.000130%) 0.000130%| 0.000140%) 0.000120% 0.000110%| 0.000150%| ©0.000140%] 0.000120% 0.000110%|
Total 100.0%) 100.0%] 100.0%] 100.0%; |oowll 100.0%| 100.0%) 100.0% 1000%]' 100.0%)
Stack Exit Temperature, F 737 764} 800 798 769] 787 800 789] 799 800 800 798)
Stack Diameter, t (esbmated) 120 12.0 12.0 120 120 120 120 120 120 120 12.0 120
Stack Flow, b 1,764,689 1,484,393 1,209,375 995,781 1,736,028 1,468,511 1,229,074 1,010,542 1645613 1,422,328 1,213,352 1,001,453
Stack Flow, scim 395,291 331,763 269,691 221230 350,029 329,437 274,475 225,183 370,538 319,313 271,387 324
Stack Flow, acfm 910,676 782277 654,273 536,561 922990 791,040 666,231 546,031 838,233 774,69 658,447 541,286
Stack Exit Velocity, f/s 1340 115.0 96.0 79.0 138.0 1170 98.0 80.0 132.0 114.0 97.0 80.0
__Stack NOx Emissions without the Effects of Reduction = Ee 3
NOx, pprmvd {dry, 15% 02) 250 20 250 250
NOx, ppmvd (dry) 304 290 269 319
NOx, pormvw (we 274 2.3 24.7 28.5 24.1 213
NOx, fvh as NO2 (includes comection adder} 79.4 640 48.7 814 X 4.0 348
| NOx, ©/MBtu (LHV} as NO2 (inel. duct bumer fuel] 0.1005 0.1005 0.1004 0.1004 0.10086 0.1005 0.1004 0.1004 0.1005 0.1005 0.1005 0.1004
NOx, vMBtu {HHV) as NO2 (incl. duct bumer fuef} 0.0905 0.0905 0.0904 0.0904 0.0905 0.0905 0.0905 0.0904 0.0906 0.0905 0.0905 0.0904
Stack NOx Emissions with the Eftects of Selective < = A Z [
NOx, ppwd (dry, 15% 02) 25 25 25 25 25 25 25 25 25 25
| NNOx, pprwd (cky) 30 29 27 23 a2 a0 27 33 27 23
NOx, pomvw (wot) 27 26 25 22 28 27 25 29 24 2.4
NOx, thh as NO2_(incluides NOx margin applied 10 CTG) 78 6.4 49 35 81 65 50 36 79 48 35
NOx, MBb: {LHV) as NO2 {incl. duct bumer fuel) 0.0100 0.0100 0.0100 0.0100 0.0101 0.0100 0.0100 0.0100 0.0101 0.0100 0.0100 0.0100
NOx, BYMBtu (HHV) as NO2 (incl. duct bumer fuel) 0.0091 0.0090 0.009%0 0.0090 0.0091 0.0091 0.0090 0.009%0 0.0091 0.0091 0.0090 0.0090
SCR NH3 siip, ppmvd (dry, 15% 02) 100 100 100 100 100 100 100 100 10.0 100 100 100
SCR NH3 stip, ivh 1.7 9.4 72 52 120 96 73 53 116 9.3 71 5.1
Stack CO Esnissions without the Bftects of Catalytic Reduction =i AN ELE Ry | 0 - S R TRl =S
co, 15% 02) 738 613 619 796 623 56.0 634 203 59.3
CO, ppmvd (dry} 898 750 66.6 747 795 £7.4 68.6 85.1 776
CO. pormvw (wet) 811 645 61.1 693 709 60.6 624 784 68.9 611 66.0 87.4
CO, i (inchudes CO comection as appsed to CTG and marpin) 1430 954 735 68.4 1236 89.1 763 8 1138 869 80.0 870
| CO, YMBtu {LHV) (incl. duct bumer fuel) 0.1810 0.1497 0.1516 0.1945 0.1528 0.1370 0.1548 0.2208 0.1454 0.1382 0.1675 02511
CO, &¥MBtu {HHV]} (incl. duct bumer fuel) 0.1630 0.1349 0.1365 0.1752 0.1375 0.1234 0.1394 0.1989 0.1307 0.1244 0.1508 02262
__ Sinck CO Emissions wiih the Eftects of Reduction ik = e a3 =
co 15% O: 37 EX] EX] EX] 3.4
€O, ppmvd (dry) 45 as 33 40 36
CO, pprvw {wet) 4.1 32 3.1 35 33
€O, bh (includes CO margin applied to CTG) 72 48 a7 62 40
CO, M8t (LHV) (inc!. duct bumar fuei) 0.0091 0.0075 0.0076 0.0097 0.0076 X 0.0084 0.0126
€O, ivMBh (HHV) (incl. duct bumer fue) 0.0082 0.0067 0.0068 0.0088 0.0069 0.0062 0.0070 0.0099 0.0065 0.0062 0.0075 0.0113
Stack SO2 Emissions without the Effects of 802 Scrubber, withow! 602 Oxidsion | Z =iy e £
Assumed SO2 cxidation rate n CTG, vo%e 0.0% 0.0%) 0.0%) 0.0%) 0.0%) 0.0%) 0.0%)
Assumed SO2 oxidation rate in CO Catalyst, voit 0.0%) 0.0%) 0.0%) 0.0%) 0.0%) 0.0%) 0.0%)
Assumed SO2 oidation rate in SCR, vol% 0.0%) 00% 0.0%) 0.0%) 0.0%) 0.0% 0.0%|
$02, ppmvd (dry, 15% 02) 1.9928 1.9928 1.9928 1.9928 1.9928 1.9928 1.9928 1.9928 1.8928 1.9928 1.9928 1.9928
S02. 24355 23265 2.1886 20267 25582 24172 22582 2.0808 26240 24457 22775 20929
502, pprmvw (wet) 2.1974 21124 20110 1.8797 22812 21722 20468 1.9040 23267 2.1901 20567 1.9094
S02, B8.7484 7.0540 5.3713 38921 8.9661 7.1991 5.4578 39482 8.8805 6.9604 52845 3.8359
S02, YMBM {LHV) (incl. duct bumer tuei) 0.0111 00111 0.0111 80111 0.0111 0.0141 0.0111 80111 0.0111 80111 [+X: 200 ] 20111
502, &¥MBty {(HHV) (incl. duct bumer fuel) 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100
 Gtack 802 Emissions without the Eliects of 502 Scrubber, sar 8020dation | T T
Assumed SO2 cxidation rate n CO Calalyst, voi% 60.0%) 60.0%|
Assumed SO2 exidation rate in SCR, vol% 3.03&! 3.0%]
S02, pprwd (dry, 15% 02) 073 073 o 0 0.73 07 0.7 073 07 073 0.73
$02, pprivd (dry) 0.64 0.78 0.68 0.93 0.87 0.78 0.68 096 087 0.77 067
$02, pprovw (wat) 0.76 072 0.63 0.83 0.79 062
S02, tbh 257 196 1.42 326 262 1.40
502, BYMBH (LHV) (incl. duct bumer fuer) 0.0040 0.0040 0.0040 0.0040 0.0040 0.0040
502, YMBH (HHV) (inci. duct bumer 0.0036 0.0036 0.0036 0.0036 0.0036 0003 |
i - = ———— s R == ey P e
UHC, 15% 02} 10.1 100 10.0 106 100 100 131
UHC, pprmvd 122 1s 108 99 128 120 . X 121
UHC, pprvw 10 105 99 9.2 114 103 9.8 10.3 1.6 108 9.6 1.1
UHC, ot as CH4 (inchudes comection adder) 111 89 68 52 1.3 9.1 [X] 58 110 88 57 63
UHC, I/MBtu (LHV) (incl. duct bumer tuel) 00141 0.0140 00140 0.0147 0.0140 00140 00140 00162 0.0140 0.0140 0.0140 00183
UHC, WMBty (HHV) (incl. duct bumor fue) 00127 0.0126 0.0126 0.0133 0.0126 0.0126 00126 0.0146 00126 00126 00126 00164
___ Stack VOC Esmiselons without the Efect of Oxidation in s CO z P = i BT >
VOC, ppmvd (dry, 15% 02) 20 20 23
VOC, ppmvd (dry) 23 22 20
VOC, pprvw {wet) 2. 20 18
VOC, tivh 83 CH4 ({includes comection adder) 18 14 1.0
VOC, yMBtu (LHV) (inch. duct bumer fuel) 0.0028 0.0028 0.0023 0.0029 0.0028 L
VOC, MBl (HHV) {indl. duct bumer fus) 0.0025 0.0025 0.0025 0.0027 0.0025 0.0025 0.0025 0.0028 0.0025 0.0025 0.0025 0.0033
Stack VOC Emissions with the Efects of Reduciion : T T " = 2 e PN i g
VOC, 15% O 20 20 20 21 20 20 20 20
VOC, pormvdl {dry) 24 23 22 20 28 24 22 24
VOC, ppmvw (wet) 22 2.1 20 18 23 22 20 22
VOC, oh as CH4. VOC comection as 10 CTG; 22 1.8 1.4 1.8 23 18 1.4 18
VOC, vMBl {LHV]} (inc). duct bumer fuel) 0.0028 0.0028 0.0028 0.0029 0.0028 0.0028 0.0028 0.0032 0.0028 0.0028
VOC, WWMB (HHV) (incl. duct bumer fuel) 0.0025 0.0025 0.0025 0.0027 0.0025 0.0025 0.0025 0.0029 0.0025 0.0025 0.0025 0.0033 |
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gﬂmmm-ee LMSIM-NG-:I.“guMMWMW. Rovision 2

Case Number
CTG Model
CTG Fuel Type
CTG Load
CTG Inlet Air Cooling
CTG Swam/Water Injection
Ambeent Tempesature, F
HRSG Duct Finng
Fuel Suttur Content {grains/100 standard cubic lect]

LMS100PA

Nawral

Ol

Wal

3.48]

_PMI10without the Effacts ot 502 cxidaion

PM10 Emissions - Front Half Catch Only

PM10, Ibh

30

30

30

PM10, MBIu (LHV) {indl. duc! bumer fusel)

0.0038

0.0037

0.0087

PM10, VMBtu (HHV) (incl. duct bumer fuei)

0.0034

0.0033

0.0078

PM10 Emissions - Front and Back Half Catch

PM10, Ivh

[:X]

6.0

PM10, YMBtu (LHV) {inct. duct bumer fuel)

0.0076

00173

PM10, /MBIy HH! ‘Ed MWMVE

0.0068

0.0156

___PA10 with e Effocts of 502 Qxddation [inchues (MHAR{BOIH e

e

T

PM10 Emissions - Front Half Catch Onty

PM10, h

145

14.8

8.0

PM10, RYMBty (LHV) (incl. duct bumar fuei)

0.0183

0.0182

0.0232

PM10, YMBtu (HHV) (incl. duct bumer tuel)

0.0165

0.0164

0.0209

PM10 Emigsions - Front and Back Hali Catch

PM10, Ibh

11.0

PM10, B/MBtY (LHV) (incl. duct bumer tuel)

0.0318

PM10, l/MBty (HHV) (incl. duct bumer

Total Effects of SO2 Oxigation

0.0287

Total SO2 to SO3 conversion rata, %vol

Total Amount of 502 converted lo SO3, Ibh

Madmum Stack Ammonium Sultate [(NH4)2{S04}] {assuming 100% conversion from SO3), iy

Madmurn Stack H2S04 (assuming 100% conversion from SO3 to H2S04), ivh

CO2 Enissions T T =
CO2, tvhr 45@. 104,190] 61,410]
CO2, ityMbtu (LHV) 128.7 128.6 1286 128.7
CO2, YMbtu (HHV) 1159 1158 1159 1169
Post Control

co e AT Y L oo o P

| CO removedin CO Catalyst, %wt 95.0%

CO removed in CO Catalyst, vh 17.4}

VOC removed in CO %*wt

VOC removed in CO Catalyst. ih

NOx Removed in SCR, %wt

NOx removed in SCR, Ivh

Ammonia Stip, I

1"y

INotes:
1. EMISSIONS ARE PRELIMINARY. NO GUARANTEES APPLY. NO MARGINS APPLIED,
2. The dry air composition used is 0.98% Ar, 78.03% N2 and 20.99%02

4. ANl ppm vaiues are based on CH4 cafibration gas.

5. The CTG pertormance and emissions are based on runs provided by GE dated 2/11/2011
6. The natural gas usod in estimates contains 3.48 grains/100 SCF of sulfur content.

7. The VOCAUHC matio is basa on CTG performance data provided by GE dated 2/11/2011
8. Etfect of SCR and CO catalyst are included.

15. Temparing air has beon assumed to not contribute 10 stack emissions.

3. Standard conditions are detined as 60 F, 14.696 psia, Norm conditions are defined as 0 C, 1.103 bar

9. The tront hait catch of particutata emissions s assumed o be half the amount of the front and back half catch,
10. Where manutacturer data of kvh of pofutam emissions were available, the greater of the mamiacturer's estimate and B&V's estimate was used in the summary table, L.e. the B&V estimatas were adustad, where applicable.
11. The estimated oddation of SO2 in CTG ts based on performance data provided by GE. The S0O2 - SO3 conversion in the CO catalyst is assumed to be 60%.

12. The CO catalysi was designed lo reduce the CO Stack emissions by 95.0% or all oparating scenarios. No VOC reduction was assumed.

13. The SCR was designed 10 reduce the NOx stack emssions 10 2.5 ppmvd @ 15%02 tor natural gas

t4. Temparing air mass flowrate controliad 10 kmit stack exit lemperature to BOOF for all cases, with a minimum aliowable owrate of 10,000 iyhr,

ADDITIONAL CALCULATIONS MADE BY URS USING ABOVE DATA

maton
Stack Flow, scimidry) @ 7% 02
PM10, grainsidsct @ 7% 02

® NOXMWhe

 SOZMWhr

Max PM10 gr/dsct
Max b NOwMWhr
Max b SO2/MWhr

336,224

0.0050
008
0.03

0.0054
013
005

189,373

0.0050
013
0.05

328,612
0.0052

0.09

o
0.04

189,569

0.0049
0.13
0.05
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Simple E!oln Emissions - GE LMS100 - Distiliate, Revision 2 <
Case Number E
CTG Mode! LMS100 P LMS100 P LMS100 LMS100 PA
CTG Fuet Type Distitate Distitate Distitate Distitate 0
CTG Load 1 7 50
CTG Inlet Air Cooling o]
CTG Steam/Water Injection Wate Water Wal Water]
Ambient Temperature, F 7 51 51 83
HRSG Duct Firing Unfirec
Fuel Suttur Content ﬂmlﬂ:ﬂm standard cubic feel] uA A ‘A
Amblen! Conditions
Ambient Temperature, F 2. 51 51 51.1 88 88. 88.
Ambient Retative Humidity, % 40. 75.0) 754 75.0] 30. 0. .’!)a
At ric Pressure, 14.682 14.682 14.682 14.682 14.682 14.682 14,682
| Amospharic Prassure, psla g 2 DL A i e
Combustion Turbine Performance
CTG Performancs Referencs Ge| =i I G | o ﬁ# %7
| CTG it r Conatoning Elsctieness, % 0 0 o] 0 0 o of
CTG Comprassar inlet Dry Butb Temperature, £ 7. 7. 51.4 51 51.9) 88, 88.
CTG Compy. Inte1 Relative Humidity, % 40. 40.6} 75.1 76.1 75.1 30. 30.
fnlet Loss, n. H2O 5.0 5.0 5.0 50 5.0 5.0 50 5.0 5.0
Exhaust Loss, in. H2O 120 120 120 120 12.0 120 1290 120 120
CTG Load Leve (parcent of Base Load) 0%} 100%) 75¢ s0% 100%] 753 50%)
Gross CTG Output, kW 50,400 102,530 76,900 51,270 92,460 89,350 46,230
Gross CTG Heat Rate, BwkWn (LHV) 7917 8511 8716 27972 8,541 9,702 8,214 8,849 10,097
Gross CTG Heat Rate, BtwkWh [HHV) 8,430 9,063 10,346 8,489 9,085 10,331 8,746 9,423 10,751
CTG Heat Input, MBtuh (LHV) 798.0 643.4 489.7 817.4 656.8 497.4 759.5 613.7 466.8
CTG Heat input, MBtuh (HHWV) 849.7 685.1 521.4 8704 699.4 529.7 808.7 653.5 497.0
CTG Water/Steam Injection Flow, th 28,900 21,400 14,400 28,100 20,500 13,400 24,500 | 17,800 11,500
Injection Fiuik/Fuel Ratio 07 06 05 0.6 06 0.5 0.6 05 0.5
CTG Exhaust Fiow. kvh 1,758,186 1,476,457 1183413 1,730,443 1,480,735 1,177,426 1,604,446 1,363,076 1,108,180
CTG Exhaust Temperature, £ 758 786 834 790 a10 847 814 834 868
~ CombustionTurbineFusl K o s Y — 2] <=
e e e e
| Tota) CTG Fuel Flow, Ivh_ 43.460 35,040 26,670 44,520
CTG Fuel Tempesature. F 77 77 7 iad 77
CTG Fuel LHV, Biwib 18,360 18,360 18,360 18,360 18,360 18,360 | 18,360 18,360 18,360
CTG Fuet HHV, Buufb 18,550 4 19:550 19,530, 32,550, 19,550 19,550 15,550 19,560 18,580
HHV/LHV Ratio 1.0648 1.0648 1.0648 1.0648 1.0648 1.0648 1.0648 1.0648 1.0648
]
CTG Fuel Com Uttimale Anal W
Ar 0.00%
o] 87.16%
H2 12.81
N2 0.
02 0.01
E] 0.001
Total 100,
Fuel Suitur Content (grains/100 standard cublc fee] A M
Combustion Turbine Exhaust
[ oroesem R S [ = =
Ar 0.93% 0.94%)
€02 5.15%1 4.71%]
H20 7.21%] 6.15%
N2 74.16%¢ 74.84
o2 12.54%] 13.36°
$02, (after SO2 oxdation) 0.00003% X
$03, (after SO2 oxidation) 0.00000%] 0. X
Total IOO.%‘ 100.¢ 100. 100.0%; 100. 100.0%]
Molecular Wt, In/mol 28.73 28.76 28.80 28.65 28.68 28.72 28.62 28.65 28.70
Specific Volume, ftraib 30.09 30.75 3187 30.96 31.42 32.30 3158 32.08 32.84
Specific Volume, sctib 13.21 13.18 1317 13.24 13.23 13.21 13.26 13.24 13.22
Exhaust Gas Flow, actm 881,730 756.684 628,590 892,909 764,938 £33,848 844,473 728,337 605,449
Exhaust Gas Flow, scfm 387,094 324,574 259,759 381,851 322,092 259,230 354,583 300,785 243,728
CTG MOx Emlssions (¥ Post Combustion EmlesionsContro) X
| NOx Massflow Added to Match CTG Manufacturer's NOx Emissions Estimate, lb/h 1.51 1.66
| Additonal Percent Margin included in mass based NOx Emissions below o 0 0%
NOx, ppmvd {dry, 15% O2} 42.00 4200 42.00 42.00 42.00 42.00 42.00 42.00 42,00
NOx, ppmvd (dry) 52.42 50.12 41.% 54.97 52.06 4863 55.18 5221 4865
NOx, ppmvw (wet) 48.64 48.75 44.45 50.47 48.10 4528 50.54 48.12 45.16
NOx, Ibh as NO2 1385 M7 84.8 1419 1138 86.2 131.8 106.6 80.9
NOx, b/MBtu (LHV) 0.1735 0.1736 0.1732 0.1737 0.1732 0.1734 0.1735 0.1738 0.1732
NOx, BvMBty (HHV) 0.1629 0.1630 0.1626 0.1831 0.1627 0.1628 0.1629 0.1831 0.1627
= — e T S - = T | T
€O Massflow Added to Match CTG Mamufacturer's CO Emissions Estimate, ih 1.03 1.15
| Additional Percem Margin included in mass based CO Emissions below 0% 0%
| CO, ppmvd (dry, 15% 02) 47.93 56.40 70.46 48.46 57.18 71.58 52.12 61.52 77.0t
CO, ppenvd {dry) 59.82 87.31 79.46 63.42 70.88 82.88 68.48 76.49 89.19
CO, ppmvw (wet) 55.50 62.78 7457 58.23 £5.48 77.14 682.72 70.48 82.81
€O, bh 96.2 913 86.6 98.7 94.3 89.5 99.5 95.0 90.2
CO, YMBty (LHV) 0.1205 0.1419 0.1768 01218 0.1435 0.1799 0.1311 0.1548 0.1933
CO, VMBtu (HHV) 0.1132 0.1333 0.1661 0.1145 0.1348 0.1689 0.1231 0.1454 0.1815
_CTG 502 Emiesions 502 Oxpdation, Without Post Combrestion Emtlesions |

502 massfiow ‘y!!) added to match CTG manutacturer's (b/h SO2 emissions estimate

Additiona) Percent Margin included in vh SO2 Emissions below

Assumed SO2 oxdation rate in CTG, voi%

| $02, ppmvd (dry, 15% 02) 0.2756 0.2756 0.2756 0.2756 0.2756 0.2756 0.2756 0.2756 0.2756
| $02, ppmvd (dry) 0.3439 0.3289 0.3108 0.3607 0.3416 0.3131 0.3621 0.3426 0.3192
$02, ppmvw {wet) 0.3191 0.3067 0.2917 0.3312 0.3156 0.2970 0.3316 0.3157 0.2983
$02, ivh 12511 1.0087 0.7678 1.2816 1.0287 0.7758 1.1909 0.9621 0.7318
502, b/MBtu (LHV) 0.0016 0.0016 0.0016 0.0016 0.0016 0.0016 0.0016 0.0016 0.0016
$02, W/MBtu (HHV) 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015

UHC massflow (ivh) added to match CTG manufacturar's bvh CO emissions estimate 0.05 0.1
Addttional Percent Margin included in v UHC Emiasions Below o0x] [ [ oo%
UHC, g 15% 02, 10.0 10.0 10.0 100 10.0 10.0 10.0 10.0 100
UHC, ppmvd (dry) 125 1.9 113 139 124 16 131 124 116
UHC, W (wet 1.6 1.1 10.6 120 1.5 10.8 12.0 1.5 10.8
UHC, Ib/h as CH4 11.5 8.3 7.0 1.8 9.4 7.1 10.9 8.8 6.7
UHC, Ib/MBiu as CH4 (LHV} 0.0144 0.0144 0.0143 0.0144 0.0143 0.0144 0.0144 0.0144 0.0143
| UHC, b/MBtu as CHé. |_I'H_g 0.0135 0.0135 0.0135 0.0135 0.0135 0.0135 0.0135 0.0135 0.0135
e T e TR AT T vl [ e St [ —===T = ——
| VOC Massflow (vt} added to match CTG manufacturer’'s ivh VOC emissions estimate 0.08 0.07 0.04 0.09 0.05 0.04
Additional percent mamhmﬂhb’hvocemlssbm below 0%4 0% 0% 0%] Oﬁl 0%}
VOC percentage of UNC a0 sof 80% o | ao%] a0
| VOC, ppmvd {dry, 15% O2] 8.0 8.0 8.0 8.0 8.0 8.0 A
VOC, pormvd {dry) 100 95 90 105 99 93 105 99 93
VOC, ppmvw (we) 93 8.9 85 98 9.2 86 96 82 86
VOC, it ag CH4 8.2 7.4 56 9.4 75 5.7 8.7 7 5.4
VOC, b/MBtu as CH4 ;_L}_l!l 0.0115 0.0115 0.0115 0.0115 0.0115 0.0115 0.0115 0.0115 0.0115
VOC, YMBtu as CH4 Eﬂm 0.0108 0.0108 0.0108 0.0108 0.0108 0.0108 0.0108 0.0108 0.0108
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PSE FREDONIA
FGS EXPANSION PROJECT

ATTACHMENT A-4

7-Mar-11

Puget Sound Energy

PSE Permitting Support

Fredonia

Simple Cycle Emissions - GE LMS100 - Distilate, Revision 2

Cass Number 2] k 3 =
CTG Mode! MS100 P 100 P LMS100 P, LMS100P
CTG Fuel Type Distilate O Distilate Distilate Distlate Distifate O
CTG Load 5%} 1 S0
CTG Inlet Air Cooling o of
CTG Steam/Water injection Watar| Wat Wal Wate: Waten
Ambient Temperature, F ki 51 84
HRSG Duct Fifing Unfired Unired
Fuel Sutur Content {gealns/100 standard cubkc feet) A A A A
|___CTG PMIO Emissions (without the Effects of 602 Oxidution) = T = I . = L i
Percant margin included in PM10 emissions below [ 0%l o %% o
PM10 Emissions - Front Half Catch Only
PMIO. o 125 125 125 125 125 125 125 125 125
PMI0, YMBtu (LHV) 0.0157 00194 0.0255 00153 0.0190 0.0251 0.0165 0.0204 0.0268
PMIO, /MBIt (HHV) 0.0147 00182 0.0240 0.0144 00179 0.0236 0.0155 0,019 00251}
PM10 Emlissions - Front and Back Half Catch
PMI0, b/h _25.0 250 250 250 250 250 250 250 250
PMI0, VMBI (LHV) 00313 0.0389 00511 0.0306 0.0381 0.0503 0.0329 0.0407 0.05% |
PMIO. /MBIU (HHV] 0.0294 0.0385 0.0479 0.0287 0.0357 0.0472 0.0309 0.0383 0.0503
[0 F
cO2, e 138,814) 111,920 85,186 1422000 14, g‘g] 1321 106,7 81,1
C02, YMBt (LHY) 174, 174 174.9) 174.0f 174, 174.9) 1744 173, 173
CO2, IMBtu {HHV) |sa_3¥ 183, 1 1634 1634} 163, anégl 183. ! ws.ai 1634
Stack Emissions
A 0.93%) 0.94 0.
co? 5.13%) 4 s.
H20 7.1 6.6 8.1
N2 74.18 74.49% 73.50%}
02 12.5 12.96%) 12.13%]
SO2 (after SO2 oxidation) 0.00001 0.00001 0.000010%)
SO3 (after SO2 oxidation) 0.0000: o.ooooﬁ 0.000020%]
Total 100, 100.0%) wo.gl
Stack Ext Temperature, F 755] 82| 7
Stack Diameter, f (estimated) 120 120 12.0 120 120 12.0 12.0 12.0 120
Stack Fiow, th 1,768,185 1,486,457 1,238,413 1,740,442 1,483,534 1,259,428 1,638,445 1,435,676 1,223,280
Stack Flow, sctm 389,296 326,773 271,832 384,058 327,119 277,074 361,823 316,808 269,529
Stack Flow, actm 910,026 781,381 659,455 921,565 792,949 672,324 878,207 768,326 653,435
Stack Exit Veloctty, /s 134.0 1150 97.0 136.0 170 99.0 129.0 1130 9.0
Stack NOx Emissions without the Effacts of Selective : Reduction i R L] I ! Y ] 3
NOw, ppmvd {dry, 15% 02) 42.0 42.0 420 42.0 420 420 42.0 420 420
NOx, pprovd {dry) 52.1 498 451 54.6 51.2 453 540 494 437
NOx, pomvw (wet) 48.4 46.4 425 50.2 47.4 423 495 4.7 40.9
NOx, i as NO2_(includes correction adder) 1385 g 848 141.9 1138 86.2 131.8 106.5 80.9
NOx, &YMBtY s NO2 (incl. duct bumer 0.1735 0.1736 0.1732 0.4737 0.1732 0.1734 0.1735 0.173% 0.1732
MBtY as NO2 (incl. duct bumer tue 0.1629 0.1630 0.1626 01631 0.1627 0.1628 0.1629 0.1831 0.1627
__ Stack NOx Emissions with the Effects of Selective Catalytic Reduction (BCR) 1] [ £l [ 3 2 MRS A S B
NOx, ppmvd (dry, 15% 02] 5.0 5.0 5.0 50 50 50 5.0 50
NOx, ppmvd (dry) 62 59 5.4 65 6.1 54 6.4 52
NOx, ppmvw (wet) 58 55 5.1 60 56 50 59 49
NOx, Io/h as NO2 (includas NOx margin appiied to CTG) 165 133 10.1 16.9 135 103 15.7 127 96
NOx, BYMBtu (LHV) as NO2 (ind. duct bumer fuel) 0.0207 0.0207 0.0206 0.0207 0.0206 0.0206 0.0207 0.0207 0.0208
NOx, b/MBtu (HHV) as NO2 {indl. duct bumer fue!) 0.0134 0.0134 0.0194 0.0134 0.0134 00194 0.0194 0.0134 0.0194
SCR NH3 slip, pprovd {dry, 15% 02) 100 10.0 104 100 100 100 100 100 100
SCR NH3 skip, bh 12,1 97 74 124 9.9 75 1.5 93 74
__Stack CO Emissions without the Effects of Catalytic Reduction : =2 v = BN
CO, ppmvd (dry, 15% O2) 47.9 56.4 705 485 57.2 615 770
CO, ppmvd (dry} 59.5 66.8 757 63.0 69.7 772 61,0 724 80.2
CO, ppmvw (wet) 5.2 62.4 71.3 57.9 64.5 721 61.4 66.9 74.9
CO, b (includas CO correction as appéied to CTG and margin) 9.2 91.3 886 99.7 94.3 89.5 995 95.0 9.2
CO, BVMBIu (LHV) (incl. duct bumer fuel) 0.1205 0.1419 0.1768 0.1219 0.1435 0.1789 0.4311 0.1548 0.1833
CO, ®/MBu (HHV) (incl. duct bumer fuel) 0.1132 0.1333 0.1661 0.1145 0.1348 0.1689 0.1231 0.1454 0.1815
___Btack CO Emlssions with the Effects of Reduction i B 1 L e i e el
| CO, ppmvd (dry, 15% O2) 24 28 35 24 29 36 26 31
CO, ppmvd (dry) 30 33 38 32 3s 39 33 36
CO, ppmvw (wet) 28 a1 36 29 32 36 31 33
| CO, B/ (inchudes CO margin apphed to CTG) 48 48 43 50 47 45 50 48
CO. t/MBtu (LHV) (inl. duct bumer fuef) 0.0060 0.0071 0.0088 0.0061 0.0072 0.0090 0.0066 0.0077
| CO, WMBtu (HHV) (indl. duct bumer fuef) 0.0057 0.0067 0.0083 0.0057 0.0087 0.0084 0.0062 0.0073 0.0091
Stack $02 Emizsions without the Effects of 02 Scrubiber, without 502 Oxidation 3 = = S -
Assumed SO2 oxidation rate in CTG, volt 0 o o. 0.0%} o o 0.0%) o
Assumed SO2 oxdation rate in CO Catalyst, voi% 0 Y (X Y 0.0%) ﬁ o 0 o
Assumed SO2 oxidation rate in SCR, voi% 0. 0.0%) Y 0.0%) o 0.0%] o o%a o
SO2, ppmvd (dry, 15% O2] 0.2869 0.2869 0.2869 0.28689 0.2869 0.2869 0.2889 0.2869 0.2869
S02, ppmvd (dry} 0.3581 0.3424 0.3236 0.3755 0.3557 0.3322 03770 0.3567 0.3323
502, ppmvw (wet) 0.3322 03183 0.3037 0.3448 0.3286 0.3092 0.3452 0.3287 0.3085
SO2, bh 1.3026 1.0502 0.7994 1.3343 1.0721 08119 1.2399 1.0017 07619
SO2, RYMBtu (LHV) (incl. duct bumer fuel) 0.0017 0.0017 0.0017 0.0017 0.0017 0.0017 0.0017 0.0017 0.0017
502, WYMBty (HHV) (incl. duct bumer fuel) 0.0016 0.0016 0.0016 0.0016 0.0016 0.0016 0.0016 0.0016 0.0016
__Stack 502 Emlssions without the Eftects of 502 Scrubber, after S02 Oxidatlon PR ] B : i X z I . o =
Assumed SO2 oxidation rate in CO Catalyst, vort 60.0%) 60. 60.0%| 60 60.0%)
Assumed SO2 oxidation rate in SCR, voi% 3.0%) 3 3.0%) 3 3.0%|
502, ppmvd (dry, 15% O2) 0.11 0.1 0.91 0.1 0.1 0.91 0.1 0.11
SO2, ppmvd (dry) 0.13 0.13 0.14 0.13 0.12 0.94 0.13 0.11
502, ppmvw (wet) 0.12 0.12 0.13 0.12 0.1 0.13 0.12 0.0
S02, th
SO2, VMBtu (LHV) (ind!. duct bumer fuel)
$02, B/MBtY (HHV) (incl. duct bumer tuel)
___ Stack UNC Emissions RS = i Z =z i i ; 10 2
UHC, ppmvd (dry, 15% O2) 100 100 100 100 10.0 100 100
UHC, ppmvd 107 130 122 108 128 1.8 104
UHC, ppmvw 101 11.9 1.3 101 1.8 109 97
UHC, o/ as CH4 (includes correction adder) 15 93 70 1.8 94 71 109 88 67
UHC, ®¥MBtu (LHV) (incl. duct bumer fua) 0.0144 0.0144 0.0143 0.0144 0.0143 0.0144 00144 0.0144 00143
| UHC, RYMBtu (HHV) (incl. duct bumer fuel) 0.0135 0.0135 0.0135 0.0135 0.0135 0.0135 0.0135 0.0135 0.0135
Stack VOC Emissions without the Effect of Oxidation in s CO ¢4 ) piE 7
| VOC, ppmvd (dry, 15% 02) 8.0 8.0 80 8.0 8.0 80 8.0
VOC, ppmvd (dry) 99 95 86 104 98 86 103
VOC, ppmvw (wet) 92 88 8.1 96 90 8.1 94
| VOC, twh as CH4_(inciudes correction adder) 92 74 56 9.4 75 57 a7
| VOC, BVMBIu (LHV) (indl, duct bumer fuel) 0.0115 00115 00115 0.0115 00115 0.0115 00115 0.0115 00115
| VOC, VMBtu (HHV) (inci. duct burner fue) 0.0108 0.0108 0.0108 0.0108 0.0108 0.0108 00108 0.0108 0.0108
__Stack VOC Emissions with the Effects of Reduction IS IVRIWR E F ] : = 2 ) ! S SRy
| VOC, ppmvd (dry, 15% 02) 56 56 56 56 56 56 56
WOC, pomvd [dry} 6.9 66 6.0 73 6.8 72 58
VOC, pomvw (wat} 6.4 62 5.7 67 6.3 86 5.4
| VOC, ivh as CH4_(inciudes VIOC correction as applied to CTG) 6.4 52 39 66 53 6.1 37
| VOC. tyMBtu (LHV) fincl. duct bumer fus) 0.0080 0.0081 0.0080 0.0081 0.0080 0.0080 0.0081 0.0080
| VOC, 1YMBtu (HHV) {incl, duct bumer huet) 0.0076 0.0076 0.0075 0.0076 0.0075 0.0076 0.0076 0.0076 0.0075
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Case Number

CTG Model

CTG Fuel Type

CTG Load

CTG tnlet Air Cooting

CTG Sieam/Water Injection
Ambrent Temperature. F
HRSG Duct Firing

Fuel Sultur Content {prains/100 standarg cubic feet]

 PMIOwHomthoEMectaofSO2oxketon

T

PM10 Emissions - Front Half Catch Only

7Y

FICEMERG R

PM10, ih

125

125

125

12.5

PM10, /MBtu (LHV) {inci. duct bumer tuei)

0.0251

00165

0.0204

0.0268

PM10, b/MBtu (HHV) (inct. duct burnar fuei)

0.0238

0.0155

0.0181

0.0251

PM10 Emisslons - Front and Back Half Catch

PMI0, lbim 250
PM10, &VMBtu (LHV] (incl. duct bumer fuel} 0.0313
PM10. bMBty incl. duct bumer 0.0294

___PMI0 with the Etfects of S02 Oxidetion [inciudes - TR o alted deaty |

PM10 Emisslons - Front Half Catch Only

PM10, ib/h 14.2 13.8 13.5 14.2 13.9 _138 141 13.8 135

PMI10, IVMBtu (LHV) (. duct bumer fuel) 0.0178 00215 0.0276 00174 00211 00272 00186 0.0225 00289

PM10, YMBiu !EE!I {incl. duct bumer fus’) m 0.0202 0.0260 0.0163 0.0199 0.0256 0.0174 0.0211 0.0271
PM30 Emissions - Front and Back Half Catch

PM10, loh 264 26.1 26.6 26.3 26.0

PM10, Ib/MBtuy !.l._H!] {incl. duct bumer fuel) 0.0402 0.0524 0.0350 0.0428 0.0557

PM10, Ib/MBtu {HI duct bumer 0.0377 0.0492 0.0329 0.0402 0.0523

__ TotslPfectsof8020xkdation 00 S e E N |

Totat SO2 to SO3 conversion rate, %vol s27%] 62.7% 82 52. 62. 62 62. 82 62.7%
Totat Amount of SO2 converted to E Ibh 0.82 0.66 0.50 0.84 0.67 05t 0.78 0.63 0.48
Maximum Stack Ammonium Sulfate [(NH4]2-{SO4)] (assuming 100% conversion from SO3] 1.69 1.38 1.03 173 1.39 1.05 1.60 1.30 0.99
Maximum Stack H2S04 {assuming 100% conversion from SO3 to H2504), bh Lé 1.01 0.77 1.28 1.03 0.78 1.19 0.96 073
€02 Emissions _ : % R T I A R N I S T e e 2E = FlEmE= T
CO2, vhre 138,81 111 85,1 142,200) 114, 1321 106,7: 81,1
CO2, MBtu [LHV] 174, 174 174. 174 174 174.d_ 174, 173, 173.!
€02, tvMBtu [HHV] 163. l 163. l 163.4] 163 163. l ‘SJ.CI 163.: 183, 163.
Post Cq Contro!

B e p ] =R ==
95.
94
X 0.
2 2 1.7] 2
i (B o (e = s ]

NOx Removed in SCR, %wt 88.1 88.1%] | 85.1 . .

NOx removed in SCR, lb/h 122.0 98.4 74.7 116.1 __535 712

Ammonia Siip, o t2.1 9.7 7.4 ns 9.3 71

Piotes:
1. EMISSIONS ARE PRELIMINARY. NO GUARANTEES APPLY. NO MARGINS APPLIED.
2 Tho gy it compostion usog s .98% A TROTX N aM2099K02 ...
1.103 bar
4. All ppm values are based on CH4 calibration gas.
5. The CTG performance and emissions are based on runs provided by GE dated 2/11/2011
6. The distilate oll used in estimates contains 15 ppm sulfur content by weight
7. Tha VOC/UHC ratio is base on CTG performance data provided by GE dated /1 17201t
8. Etfect ot SCR and CO catatyst are included.
9. Tha Tront hall catch of particulate emissions is assumed 10 be hatf the amount ot the tront and back half catch,
10. Where manufacturer data ol lvh ol polutant emissions were availabis, the greater of the manufacturer's estimate and B&V's estimate was used in the summary table, i.e. the B&V estimates were agjusted, where appiicable.
11. The estimated oxidation ot SO2 in CTG is based on performance data provided by GE. The SOZ2 - SO3 conversion in the CO catalyst is assumed to be 60%
12, The CO catalyst was designed fo reduce the CO Stack emissions by 95% for all operating scenarios. While the VOC reduction was 30%.
13. The SCR was designed 10 reduce the NOx stack emissions fo 5 ppmvd @ 15%02 tor distRate odl.
14. Tempering air mass flowrate 1o Emit stack exit 1o BOOF tor al casas, with a minimum allowable flowrate o 10,000 /.
15. Tempering air has been assumed to not contributa to stack emissions.
ADDITIONAL CALCULATIONS MADE BY URS USING ABOVE DATA
In 8 X
Stack Flow, sctm{dry) @ 7% 02 333,662 286,371 237416 kx<kigl 284,139 240,606 313,378 274,427 233,362
PM10, grains/dsct @ 7% 02 0.0048 0.0057 0.0066 0.0050 0.0057 0.0066 0.0052 0.0058 0.0067
b NOXMWhr 0.16 0.18 0.20 0.17 0.18 0.20 0.17 0.18 0.21
b SO2/MWhr 0.00 0.01 0.0t 0.00 0.01 0.01 0.00 0.01 0.01
Max PM10 gr/dsc! 0.0087
Max Ib NOYMWhr 0.2t
Max b SO2/MWhr 0.01
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ATTACHMENT A-S

PSE FREDONIA
FGS EXPANSION PROJECT

Puget Sound Energy
BAV Project Number 165510

P y Simple Cycle P

BY MJ Swotford T3 7
Case # 1 2 3 4 5 6 7 8 ] 10 1 12 13 14 15 16 17 18
Revision # 2 2 2 2 2 2 2 2 2 2 F) 2 2 2 2
FAun Dale 3/30/2010 3302010 3/30/2010 3/30/2010 3302010 3302010 3302010 3302010 3/30/2010 302010 3302010 3/30/2010 3302010 3302010 3/30/2010

Simplo Cycle Simple Cycle Simple Cycla Simple Cycla Simpe Cycle Simple Cycle Simple Cyce Simple Cycle Simple Cycle Simple Cycle Simple Cycle Simple Cycle |

Ambient Temperature, °F 7 7 51 88 28 ) 7 7 51 51 51

Relative Humidity, % 30 40 75 30 30 30 40 40 75 75 75

Inlet Conditioning None None None Nona None None Nona None None None None

CTG Model ___GE7FADS | GE7FADS GE 7FA.06 Y “GE7FA06 GE7FA6 GE 7FA06 _ "GE 7FA06 _ GE 7FA.06 — GE7FA0S GE 7FA.05 —__GETFAOS |

CTG Fuel Natura Gas Natural Gas Nalural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natura! Gas Qi [o] Oil Qil Qil

CTG Load Level (parcent of base load) 75 a7 100 75 48 100 75 50 75 50 100 75 50

NEW & CLEAN PERFORMANCE

Number of Units in cperation 1 1 1 i 1 1 1 1 1 1 1 1 1 1 i 1 1 1
Gross CTG Output, kW (each) 230,500 172,900 108,300 214,400 160,800 102,900 133,800 145,400 96,900 222,100 166,600 111,000 220,600 165, 110,300 207,400 185,600 103,700
Gross CTG Output, kW (tota) 230,500 172,900 108,300 214,400 160,800 102,900 193,800 145,400 96,900 222,100 166,600 111,000 220,600 165,400 110,300 207,400 156,600 103,700
Gross CTG Heal Rate, BykWh 8,855 5,400 11,765 8,925 5,625 11,965 9,155 10,080 12,330 9,520 10245 11,765 3,585 10255 11,910 9.7% 10545 12,270
Gross CTG Heat Rate, BIwkWh (HHV) 9,831 10,436 13,062 9.909 10,686 13,284 10,164 11136 13,689 10139 10911 12,530 10,208 10,922 12,684 10,432 11,230 13,068
CTG Heat Input, MBHwh (LHV) each CTG 041, 1,625. 12741 9136 B47.7 1,231 1.774; 4584 1,194 1144 1,706 1,305 114, 6962 3137 031, 640 272.4
CTG Heat Ingut, MBWh (HHV) each CTG 266, 1,804.4 14146 ,124.4 718 1,366. 1,969 619, 13264 2518 1,817 1,390 251, 8064 3991 163 747 3551
CTG Heat Input, MBIwh (LHV) total 041, 1,625. 1,274 9135 5477 1,231, 1,774 4584 1,194, 114.4 1,706. 1,305 114, 696.2 313.7 831 640 12724
CTG Heat Input, MBI (HHV) otal 266 1,804.4 14146 21244 718 1,366. 1,969 619, 1,326.4 2518 1,817 1,390. 251, 806.4 3991 163 747 1,386.1
Auwdiary PowerfLosses, kW {estimated) 5,000 4,300 3,700 5,000 4,400 3,800 2,900 4,400 3,800 4,600 4,100 3.400 4,800 4300 3.700 4,800 4,400 3,900
Auwsdliary PowerfLosses Percent of Gross Power, % 22% 25% 3.4% 2.3% 2.7% 3.7% 25% 3.0% 3.9% 2.1% 25% 3.1% 2.2% 2.6% 3.4% 2.3% 2.8% 3.8%
WATER ACCOUNTING

Combustion Turbine Water Injection for NOx Control, b/ 0 0 [ [ [} [} 0 [ 0 151,700 109,800 68,900 157,000 112,300 74,700 158,000 114,100 76,500
Combustion Turbine Water jection for NOx Cortrol, GPM [ [ [ 0 [ 0 0 0 [ 303 220 138 314 225 149 316 228 153
NET PLANT PERFORMANCE

Net Power Plart kW 225,500 168,600 104,600 209,400 156,400 39,100 188,900 141,000 _ 93,100 217,500 162,500 107,600 215,800 161,100 106,600 202,600 151,200 99,800
Net Power Plant Heat Rate, BlwkWh (LHV) 9,051 5,640 12,181 9,138 9,896 12,424 9392 10,343 12,833 9,721 10503 12,137 5,798 10,529 12,32 10,027 10,852 12,749
Net Power Plant Heat Rate, BwKkwWh (HHV) 10,048 10,702 13.524 10,145 10,986 13,793 10,428 11,483 14,24 10,353 11,186 12,926 10,435 11,213 13,124 10,679 11,857 13,578
Net Power Plant Efficiency (LHV) 37.7% 354% 28.0% 373% 345% 275% 363% 33.0% 26.6% 35.1% 325% 28.1% 34.8% 324% 277% 34.0% 314% 26.8%
Net Power Plant Efficiency (HHV) 34.0% 31.9% 252% 33.6% 311% 24.7% 32.7% 29.7% 23.9% 33.0% 305% 26.4% 32.7% 304% 260% 32.0% 295% 25.1%
1) PERFORMANCE IS PRELIMINARY. NO GUARANTEES APPLY.

2) The fusl gas is assumed to have a sulfur content of 6 grains/100scf.

3) Fue! gas pressure has been assumed to be 320 psia and compressed to the gas turbine requirements.

4)F i g air fan awdliary power required to temper exhaust to 800 degrees F

5) Site barometric pressure = 14.68 psia.

6) The gas turbine data used in the above estimates was obtained from GE.

Revision Comments - Rev 0 ISO; Rev 1 Site Specific; Rev 2 Added Water Accounting and revised Aux Power

June 2011



ATTACHMENT A-S

PSE FREDONIA
FGS EXPANSION PROJECT
Puget Sound Energy
BAV Project Number 165510
P y Simple Cycle
BY MJ Swofford
Case # 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
Revision # i 1 3 3 1 1 1 1 1 1 1 1 1 e == - 1 3
Aun Date TNHZ010 7193010 FN¥2010 72010 719/2010 77192010 7AY2010 71972010 7192010 7192010 7192010 7192010 71972010 71972010 711972010 771972010 7119/2010 7119/2010
— Simple Cycle Simpie Cycle Simple Cycle Simple Cycie Sim S| e Simple Cyc| Simpla Cycle Simple Cycle Simple Cyc Simple Cycle Simple Cycle Simple Cycle Simple Cycle Simple Cycle Simple Cycle Simple Cycia Simple Cycle

Ambient Temperature, °F 7 7 7 51 51 51 88 88 88 7 7 7 51 51 51 88 88 88

[ Retative Humidty, % 40 20 30 75 75 75 30 30 30 30 40 %0 75 75 75 30 30 30
nlet Conditioning None None Naone Nong None None None None None None None None None None None None None None
CTG Model
CTG Fuel Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Oil [+]] [o]] o1 [o]] [o]] [+]] Oit [¢]]
CTG Load Level (percent of base load) 100 75 55 100 75 53 100 75 59 100 75 55 100 75 53 100 75 59
NEW & CLEAN PERFORMANCE
Number of Units in operation 1 1 1 3 7 7 7 3 3 1 1 7 i 1 1 1 7 1
Gross CTG Output, KW (each) 196,900 147,700 108,300 186,900 140,200 99,100 163,400 122,500 196,900 147,700 108,300 196,900 147,700 104,400 178,400 133,800 105,200
Gross CTG Output, kW (iotal) 196,900 147,700 108,300 186,900 140,200 99,100 163,400 122,500 196,900 147,700 108,300 196,900 147,700 104,400 178,400 133,800 105,200
Gross CTG Heal Rale, BIWKWh (LHV) 8,825 9,605 11,055 8,955 9,695 11,405 9225 10185 5,635 10,405 11,915 9,59 10235 11,945 9625 11,795
Gross CTG Heat Rate, BIwkWn (HHV] 9,798 10,663 12,273 9942 10.763 12, 10242 11.307 10.261 11,081 12,689 10219 10,900 12,721 10,464 12,562
CTG Heal Ingut, MBIWN (LHV) each CTG 1,737, 1418.7 1,197. 673.7 359. 130 5074 247.7 897, 1,536 1,290.4 1,889: S11.7 2471 752, 240,
CTG Heal Inpud, MBiwh (HHV) each CTG 1,929, 1,575.0 1,378 8581 509, 254, 6735 385 020, 1,636, 13743 2,012, 610.0 3281 8667 321
CTG Heat Inpul, MBHwh (LHV) total 1,737 1,418.7 1,197, 673.7 350, 130. 507.4 247. 897, 1,536, 1,290.4 1,889: 5117 2471 240,
CTG Heat Input, MBIwh (HHV) Total 1,929. 15750 1,328, 858.1 509 254, 6735 385 0204 7,636 1,374.3 2,012 1,610.0 1.328.1 321
Awdiary Power/Losses, kW (estimaied) 4500 3,900 3500 4,600 4,000 3,600 4500 4,000 3700 4200 3,800 3500 4,400 3,900 3,600 4500 4,000 3.800
Auwdiary Power/Losses Percent of Gross Power, % 2.3% 26% 32% 2.5% 2.9% 3.6% 2.8% 33% 2.6% 2.1% 2.6% 32% 22% 2.6% 34% 25% 3.0% 3.6%
WATER ACCOUNTING
C Turbine Water Injection for NOx Control, b/hr [ 0 [ [ [ [ [ [ [ 133,000 98,400 76,400 134,100 96,200 75,000 126,800 93,300 77,700
Combustion Turbine Water Injection for NOx Control, GPM 0 [ [ ) [ 0 0 [ 0 266 197 157 268 192 150 258 187 155
NET PLANT PERFORMANCE
Net Power Plant Outgid, kW 192,400 143,800 104,800 182,300 136,200 95,500 158,900 118,500 92,700 152,700 143,900 104,800 192,500 143,800 100,800 173,900 129,800 101,400
Net Power Plant Heat Rate, BIwKWh (LHV) 9,031 9,865 11,424 9,181 9,380 11,835 9,486 10,529 11,850 9,845 10,680 12,313 9814 10513 12,372 10,079 10,911 12,237

| Net Power Plant Heat Rate, BIwkWh (HHV) 10,027 10,953 12,683 10,193 11,079 13,139 10,532 11,689 156 10,485 11374 13,113 10,452 11,196 13.176 10.734 11,620 13,002
Net Power Plant Efficiency (LHV) 37.8% 34.6% 29.9% 72% 342% 28.8% 36.0% 32.4% 286% % 31.9% 27.7% 34.8% 325% 27.6% 33.9% 31.3% 27.9%
Net Power Plant Efficiency (HHV) 34.0% 31.2% 26.9% 33.5% 30.8% 26.0% 32.4% 292% 259% 32.5% 30.0% 26.0% 32.6% 305% 25.9% 31.8% 29.4% 2%6.2%

4)F

5) Sie barometric pressure = 14.68 psia.
6) The gas lurbine data used in the above estimates was obtained from GE
Revision Comments - Rev 0 Fredonia Site Specific 7FA.04; Rev 1 - Incorporates revised gas turbine data from GE based on minimum load levels GE would be willing to guarantee emissions compliance.

1) PERFORMANCE IS PRELIMINARY. NO GUARANTEES APPLY.
2) The fuel gas is assumed 1o have a sulfur content of 6 grains/100scf.
3) Fuel gas pressure has been assumed 1o be 320 psia and compressed to 1he gas turbine requirements.

air fan awdliary power required to Temper exhaust to 800 degrees F.

June 2011



PSE FREDONIA

ATTACHMENT A-5
FGS EXPANSION PROJECT
Puget Sound Energy
B&V Project Number 165510
y Simple Cycle P v
BY MJ Swotford
=
Case # 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
Revision # 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Run Date 4112010 4/1/2010 4/1/2010 4/1/2010 412010 4/1/2010 4172010 4/1/2010 4/1/2010 4/1/2010 4172010 4/1/2010 4/1/2010 4/1/2010 4/1/2010 4/1/2010 4/1/2010 4/1/2010
Simple Cycle Simple Cycle Simpte Cycle Simple Cycle Simple Cycle Stmple Cycle Simple Cycle Simpe Cycle Simple Cycle Simple Cycle Simple Cycle Simple Cycle Simple Cycle Simple Cycle Simple Cycle Simple Cycle Simple Cycle Simple Cycle
Ambient Temperature, °F 7 7 7 51 51 51 88 88 88 7 7 7 51 51 5 88 88 88
Relative Humidity, % 40 40 40 75 75 75 30 30 30 40 40 40 75 75 75 30 30 30
Infet Conditioning None None None None None None Nona Nane None None
CTG Model [Siemens SGT6-5000F4]
CTG Fuel Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gag Natural Gas Natural Gas ol [o]] oil oll Ol [o]] O [o]]
CTG Load Level (percent of base load) 96.5 75 60 100 75 60 100 75 60 100 75 70 100 75 70 100 75 70
NEW & CLEAN PERFORMANCE
Number of Units in operation 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Gross CTG Output, kW (each) 232,000 180,400 144,300 212,500 158,400 127,500 185,000 138,800 111,000 223,500 167,600 156,500 196,700 147,500 137,700 170,300 127,700 119,200
Gross CTG Output, kW (lotal) 232,000 180,400 144,300 212,500 153,400 127,500 185,000 138,800 111,000 223,500 167,600 156,500 196,700 147,500 137,700 170,300 127,700 119,200
Gross CTG Heat Rate, BtwkWh (LHV) 8,718 9,144 9,732 8,912 9,475 10,109 9,205 9,900 10,602 9,022 9453 8,616 9,228 9,821 9,994 8,570 10,299 10,486
Gross CTG Heat Rate, BtwkWh (HHV) 9,679 10,152 10,804 9,894 10,618 11,223 10,219 10,991 11,770 9,608 10,067 10,241 9,828 10,469 10,644 10,192 10,968 11,168
CTG Heat Input, MBtwh (LHV) each CTG ,022. 1,649.6 1,404.3 ,893. .610. .288. ,702. 374, 1,176. ,016.4 1,584 1,504.9 B815. 448, 1,376. 1,629.8 316.2 249,
CTG Heat Input, MBtwh (HHV) each CTG ,245. 1,831.4 1,568.1 2,102. 676. ,430. ,890. ,525.! ,306. ,147.5 1,687 1,602.7 .933. 542! 1,465 1,735.7 4007 .331.
CTG Heat Input, MBtwh (LHV) total ,022. 1,649.6 1,404.3 ,893. .510. .288. ,702. 374, ,176. ,016.4 1.584. 1,504.9 815, 448, 1,376. 1,629.8 315. 249,
CTG Heat Input, MBtwh (HHV) 1otal ,245. 1,831.4 1,559.1 2,102. 676. ,430. ,890. ,525. ,306. ,147.5 1.687. 1,602.7 .933. 542 1,465. 1,735.7 400.7 1,331
Awdliary Power/L.osses, kW 5,400 4,700 4,200 5,400 4,600 4,100 5,200 4,500 4,000 4,600 4.100 4,000 4,600 4,100 4,000 4.500 4,000 3.900
Awdiiary Power/Losses Percent of Gross Power, % 2.3% 2.6% 2.9% 2.5% 2.9% 3.2% 2.8% 3.2% 3.6% 2.1% 24% 26% 2.3% 2.8% 2.9% 2.6% 3.1% 3.3%
WATER ACCOUNTING
Combustion Turbine Water Injection for NOx Control, b/hr 1] 1] 1] 1] 1] 0 1] 1] 1] 43,900 25,900 20,500 39,500 23,700 18,700 35,500 21,500 17,000
[ ion Turbine Water Injection for NOx Control, GPM 0 1] 1] 1] 1] 0 1] 1] [1] 88 52 41 78 47 37 il 43 34
NET PLANT PERFORMANCE
et Power Plant Output, kW 226,600 175,700 140,100 207,100 154,800 123,400 179,800 134,300 107,000 218,900 163,500 152,500 192,100 143,400 133,700 165,800 123,700 115,300
et Power Plant Heat Rate, BtwkWh (LHV) 8,926 9,389 10,024 9,144 9,757 10,44¢ 8,471 10,232 10,998 ,212 9,690 9,868 9,449 10,102 10,283 9,830 10,632 10,841
et Power Plant Heat Rate, BtwkWh (HHV) 9,909 10,423 11,128 10,152 10,832 11,59¢ 10,515 11,359 12,210 .810 10,320 10,510 10,063 10,758 10,962 10,469 11,323 11,645
Net Power Plant Efficiency (LHV} 38.2% 36.3% 34.0% 37.3% 35.0% 32.7% 36.0% 33.3% 31.0% 37.0% 35.2% 34.6% 36.1% 33.8% 33.2% 34.7% 32.1% 31.5%
Net Power Plant Efficiency (HHV) 34.4% 32.7% 30.7% 33.6% 31.5% 29.4% 32.5% 30.0% 27.9% 34.8% 33.1% 325% 33.9% 31.7% 31.1% 32.6% 30.1% 29.6%
1) PERFORMANCE IS PRELIMINARY. NO GUARANTEES APPLY.
2) The fuel gas is assumed to have e sulfur content of 6 grains/100sct.
3) Fuel gas pressure has been assumed 10 be 320 psia and compressed to 1he gas lurbine requirements.
4)F air fan awiliary power required 10 temper exhaust to 800 degrees F.
5) Site barometric pressure = 14.68 psia
6) The gas turbine data used in the above estimates was obtained from Siemens.
Revision Comments - Rev 0 ISO, Rev 1 Site Specific with Water Accounting
A5-3
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PSE FREDONIA ATTACHMENT A-5
FGS EXPANSION PROJECT

Puget Sound Energy
BA&V Project Number 165510
Simple Cycie
BY SVDM
L= = — =
Case # 1 2 3 4 5 8 7 8 [] 10 1 12 13 14 15 18 17 18 18 20 21
Ravision # 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Run Date 2011 772011 ¥7/2011 /2011 201 372011 A7/2011 01 3772011 701 72011 Y2011 ¥7/2011 ¥7/2011 y7/2011 Y2011 Y2011 72011 72011 /2011 37/2011
Simgia Gycle Siple Oycls Sivpia Gyoe Simgla Gyole Simple Cycle Simgle Gyce | Simpla Gyos Simple Oycle Simple Cycle Simple Gycle | Simple Cyvla_ Sirpie Oyt Singla Gyole Simple Cycis | Simple Gyl Sinpie yce “Simgis Gycie Simpla Cyce Sivple Cycle Simpie Cycla Simple Cycle |
Ambient Te¢ e, °F 7 7 7 7 51 51 51 51 88 [1] [1] 88 7 7 7 51 51 5 88 88 88
Relativa Humidity, % 40 40 40 ] 75 75 75 75 30 30 0 30 Q 40 «Q 75 75 75 30 30 30
|__Iniet Conditioning None None None Nona Nona None None None Nore None None None None None None Nong None None None None None
CTG Model GELMS100 GE LMS100 GE LMS100 GE LMS100 GE LMS100 GELM3100 GE LMS100 GE LMS100 __ GELMS100 GE LMS100 GE LMS100 GE LMS100 GE LMS100 GE LMS100 GE LMS100 GE LMS100 GE LMS100 GE LMS100 GE LMS100 GE LMS100 GE LM8100
CTG Fuet Natural Gas Natural Gas Natura! Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Naturg) Gas Natural Gas Naturel Gas [+] ou [+] o1 [« [« on on ol
CTG toad Level (percent of base load) 100 75 50 30 100 75 50 30 100 75 50 30 100 75 50 100 75 50 100 75 50
NEW & CLEAN PERFORMANCE
Number of Units in operation hJ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Gross CTG Output, kW (each) 100.777 75,578 50,387 30,233 102,550 76,809 51,274 30,765 §7.094 72.819 48,552 29,129 100,754 75,589 50,398 102,530 76,859 51,267 92,480 69,347 48.227
Gross CTG Output, kW {total) 100,777 75.578 50,387 30,233 102,550 76,909 51,274 30,7685 §7.084 72,819 48,552 29,129 100,784 75,589 50,398 102,530 76,859 51,267 82,480 69,347 48.227
Gross CTG Heat Rate, BtwkWh (LHV) 7.841 8,430 9,627 11,634 7.898 8.457 9,615 11,584 8,077 8.634 5,832 11,899 7917 8,511 8,78 7,972 8541 8,702 8,214 8,848 10,087
Gross CTG Heat Rate, BtwkWh (HHV) 8,705 9,359 10,688 12918 8.768 9,388 10.675 12,872 8.967 8,585 10,915 13210 8,432 9,084 10,348 8,490 9,096 10,333 8,748 8.424 10,753
| CTG Heat Input, MBtuh {LH!) each CTG 790. 837. 485. 351 809 650.: 483. 356. 784.. 828. 4774 346 798.¢ 643.. 439. 817 497.4 759.8 613, 488
CTG Heat Input, MBtwh (HHV) each CTG 877. 707. 538. 380." 699. 722, 547.. 398. 870. 698, 530.( 384 849 685.2 521, 870. 529.7 808. 653.. 497.
CTG Heat Input, MBtwh total 790. 837. 485. 351 809 650.: 483 356. 784. 828, 4774 348 798. 643 488. 817. 4974 759. 613. 468.
CTG Heat M8Btuwh (HHV) total 877. 707.; 538.! 380. 899.. 722, 547.. 388. 870. 698. 530. 384, 849 6852 521, 870.! 529.7 808. 853! 497.
Power/Losses, kW 2,688 2244 1,851 1,577 2.4 2,278 1,918 1.632 26835 2,244 1,940 1,658 1861 1472 1,358 1.678 1,507 1,424 1,649 1,552 1,467
Auwdiary Power/tosses Percent of Gross Powsr, % 2.6% 3.0% 7% 5.2% 268% 3.0% AT 5.3% 2.7% 1% 4.0% 5.7% 1.6% 1.9% 7% 1.6% 20% 28% 1.8% 2.7% 3.2%
WATER ACCOUNTING
Water Injection 1or NOx Control, I/ 26,640 18,652 13,118 7.982 25,830 18,676 12,276 7.224 24,156 17,057 11,133 8,434 28,870 2,215 14370 28,017 20418 13,308 24,442 17,726 11,486
Estimated Tower Rate, vh 38,739 26,508 16,098 8,015 86,584 48,724 32,401 20.430 54,350 71,501 49,832 33.127 38,600 26,478 16,036 66,454 48,515 32,288 91,379 88,546 47,991
Total Estimated Water Usage, gpm 13 [<] 58 34 185 135 88 55 237 177 122 79 135 96 61 189 138 N 232 173 118
NET PLANT PERFORMANCE
Nat Power Plant Output, kW 98,108 73,334 48,536 28,656 89,836 74,833 48,356 29,133 94,459 70,575 48,612 27471 99133 74,117 49,040 100,854 75,382 49,843 90,811 67,785 44,760
Net Power Plant Heat Rate, BtwkWh (LHV) 8,054 8,688 9,994 12,274 8.113 8,715 9,969 12.243 8,302 8,809 10,241 12,617 8,050 8,680 9.985 8,104 872 8,979 8.383 9,052 10,428
Nat Power Plant Heat Rate, BwkWh (HHV) 8,842 95,645 11085 13,627 8,007 9,675 11,088 13,583 8217 9.880 11,370 14,008 8,573 9.244 10.634 6,831 9.278 10.828 8,807 9,640 11,106
Net Power Plant Efficiency (LHV) 42.4% 39.3% 4.1% 27.8% 42.1% 39.2% 34.2% 27.9% 0% 38.9% 33.3% 27.0% 24% 39.3% 34.2% 42.1% 39.2% 34.2% 40.8% 31T 27%
Net Power Plant Etficiency (HHV) 38.2% 35.4% 30.8% 25.0% 37.9% 35.3% 30.8% 25.1% 31.0% 34.5% 30.0% 24.4% 39.8% 38.9% 32.1% 39.5% 36.8% 32.1% 38.3% 35.4% 30.7%
1) PERFORMANCE IS PRELIMINARY, NO GUARANTEES APPLY.
2) The fuel gas is assumed to have a sulfur content of & grains/100sct.
3) Fuel gas pressure has been assumed 10 be 320 psia and 1o the gas turbine
4) Performance assumes estimated tempering air fan awdliary powar required to temper exhaust to 800 degrees F, with a minimum tempering &ir flowrate of 10,000 Rvhr.
5) Site barometric pressure = 14.68 psia.
6) The gas turbine data used in the above estimates was obtained 1rom GE.
Revision Comments - Rev 1 Slte Specific Release of LMS100 Wet Cooling Tower Intarcooler Heat Rejection Design

AS-4 June 2011
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About the New 7FA

About the new 7FA

About
History
Tech Specs

Features

Read the news about GE'slatest and
greatest heavy duty gas turbine!
Advanced technology to power our
future!

ge-7fa.com/.../about-7FA.html

Reliability, availability, and flexibility—just a few of the afiributes that have traditionally defined GE’s 7FA gas

turbine. Now, add improved output and efficiencyto the list.

The power output of the new 7FA will increase to

211 MW—a 36 MW increase over todays 7FA—in simple
cycle operation. In combined cycle configuration (two gas
turbines and one steam turbine), the power output will
increase to 627 MW—a 98 MW increase in power
generation. We have also increased the efficiency in each
configuration: thermal efficiency will increase to 38.5% in
simple cycle operation, and to 57.5% in combined cycle
operation. Each point of efficiency increase translates to
major savings in fuel costs for each megawatt of power

produced.

The new 7FAis part of GE's ecomagination portfolio because of its improved efficiency and higher output

compared to earlier 7FAmodels. To become an ecomagination product, the new 7FAmust meet the rigorous

standards of GE’s commitment to imagine and build innovative technologies that help our customers address

their environmental and financial needs, such as the need for cleaner, more efficient sources of energy.

The new 7FA gasturbine is part of
GE's ecomagination portfolio

Wondering how a gas turbine makes

electricity? And just what is a combined

gycle power plant? Find out the answers
ere!

Read More

1/1



4/26/2011

About
History
Tech Specs

Features

Read the news about GE's latest and
greatest heavy duty gas turbine!
Advanced technology to power our
future!

Read More

History in the Making...Again

For more than two decades, GE's F-technology gas turbines have been the turbines of choice for power
generators around the world. Built upon a rich history of ongoing enhancements gained from real world
experience, our success continues with the new 7FA With more than 700 units in worldwide service and logging
more than 16 million operating hours and over 470,000 fired starts, the 7FA continues to make history by
delivering record-setting performance, reliability and availability while achieving superior emission levels. GE's F-

class gas turbines are firstin class, delivering an impressive list of record-setting firsts such as:

Firstto achieve 99.2% operating reliability

Firstto achieve single digit NOxand CO emissions

Firstto reach 55% thermal efficiency in combined cycle operation
First to achieve 98.4% starting reliability

Firstto achieve 96% availability

Firstto achieve 40% load with single digit NOxand CO emissions
Firstto surpass 16 million fired hours of operation

The new 7FA gas turbine is part of Wondering how a gas turbine makes

GE's ecomagination portfolio electricity? And just what is a combined
cycle power plant? Find out the answers
here!

ecomagination Read More

Contact information | Pdvacy | Terms | € 2011 General Eiectnc Company

ge-7fa.com/.../7FA-history.html

1/1



4/26/2011 The New 7FA - Technical Specifications

About
History
Tech Specs

Features

Output (MW)
Efficiency (%, LHV)
Heat rate (Btu/kw-hr, LHV)

NOx (ppmvd @ 15% O5)

NOx per start (Ibs) - conventional start

CO per start (Ibs) - conventional start

CO (ppmwd)

PM 10 Ib/hr, totalffront-half only

VOC (ppmv)
UHC (ppmv)
Liquid fuel capabilityn

GT turndown (% baseload)

Fast Start capability (10 minutes)

NOx per start (Ibs) - CC Rapid Response/SC Fast Start*

CO per start (Ibs) - CC Rapid Response/SC Fast Start?

1 Provided as estimates only.

627

575

5934

373 Ibm/start?

2142 Ibm/start?
9
36/18

1.4

Yes
49

50% GT load

32 Ibm/start®

162ibm/start®

2 207FA configuration, conventional warm start w/o Rapid Response.
3 Single GT, conventional sart, ignition to bottom of mode 6.
4 The 7FA gasturbine with the improved startup capability will be capable of dispatching in ten minutes after a dart signal, and

21
38.5

8872

27 ibm/start®

126 Ibm/start 3
9
18/9

14

Yes
49

160 MW

14 Ibm/start®

58 Ibm/start

will achieve stable combustion with steady state NOx and CO emissionsof 9 ppm within thistime period. In simple cycle operation

the 7FA will have the capability of dispatching more than 70% of baseload power output.
5 207FA configuration, Rapid Response, ignition to bottom of mode 6.

6 Single GT, Fast Start, ignition to bottom of mode 6.

Performance - Simple Cycle Basis

Description

ge-7fa.com/.../7FA-tech-specs.html

Details
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Read the news about GE's latest and
greatest heavy duty gas turbine!
Advanced technology to power our
future.

Read More

onlact Informati

The New 7FA - Technical Specifications

ISO ambient conditions

Fuel

Generator

14.696 psia, 59°F, 60% relative humidity, 0 ft

elevation, 1.5" HgA steam turbine backpressure
100% methane

GT: 7FH2B generator

Performance - Combined-Cycle Basis

Description

ISO ambient conditions

Fuel

HRSG

Generator
Steam turbine

Cooling tower

The new 7FA gasturbine is part of
GE's ecomagination portfolio

ecomagtnation

@ 2011 General Electric Company

ge-7fa.com/.../7FA-tech-specs.html

Details

14.696 psia, 59°F, 60% relative humidity, O ft

elevation
100% methane

Natural circulation HRSG with an SCR for NOx,
and no CO catalyst, 3 pressure reheat cycle,
pressure drop of 15" H,0

GT: 7FH2B generator

207D flow 40" LSB

Mechanical draft evaporative cooling tower

Wondering how a gas turbine makes
electricity? And just what is a combined
cycle power plant? Find out the answers
here.

Read More
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4/26/2011 The New 7FA - Features

7FA features

About
History
Tech Specs
Features
Compressor
Performance
3D aerodynamic airfoils - an advanced aviation-style high-efficiency, 14-stage compressor thatincreases
airflow and robustness
Operability
Inlet guide vanes - three variable stator vane stages with additional variable geometry stages that
enhance operability and flexibility
Maintainability
Field replaceable blades - reduced outage times for improved availability
Improved borescope access - additional borescope port locations to enhance inspection capability
Blade health monitoring - prognostic system to enable early detection of blade characteristic changes
Combustor
Experience
DLN 2.6 combustor - proven combustion system with more than 14 million hours of service and 380,000
starts
Turbine
Performance
Hot gas path evolution - builds upon 7FAand 7FB experience to provide improved output and efficiency
Low emissions — single digit NOxand CO emissions across entire operating range
Durability
FB materials — proven materials used in a less severe environment (lower firing temperature)
Read the news about GE's latest and The new 7FA gasturbine is part of Wondenng how a gas turbine makes
greatest heavy duty gas turbine! GE's ecomagination portfolio electricity? And just what is a combined
Advanced technology to power our cycle power plant? Find out the answers
future! here!
Read More Read More

Contact informalion

ge-7fa.com/.../7FA-features.html
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Siemens SGT6-5000F Gas Turbine

Application overview

Answers for energy. SIEMENS
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SGT6-5000F
application
overview

Siemens SGT6-5000F gas turbine
engine

The advanced technology of the SGT6-5000F
gas turbine continues to satisfy the
worldwide needs of the power generation
marketplace for 60 Hz projects. Siemens
introduced the first unit in this series in
1968. Since that time, over 560 units of
Siemens Gas Turbines (SGT™) have been
sold. Siemens evolutionary design
philosophy maintains continuity by building
on our proven gas turbine technology. To
attain high engine reliability, upgrades or
new engine designs are based on
technologies proven by engine operation or
by extensive component testing.

The SGT6-5000F gas turbine exemplifies this
evolutionary process. It combines the
efficient, proven design concepts of the
Westinghouse and Siemens gas turbines with
the addition of advanced cooling
technologies and improved compressor
construction. The advanced cooling
technologies allow higher flow-path gas
temperatures while keeping metal
temperatures at the level of previous
engines. The technology upgrades applied to
the SGT6-5000F gas turbine have resulted in
an engine with a rated output that is among
the highest of the F-class gas turbines.

The SGT6-5000F gas turbine fleet has
achieved over 5.3 million hours of reliable
operation and net combined cycle
efficiencies of 57.5%.

This gas turbine is ideally suited for simple
cycle and heat recovery applications,
including Integrated Gasification Combined
Cycle (IGCC), cogeneration, combined cycle
and repowering. Flexible fuel capabilities
include natural gas, LNG, distillate oil,
syngas and other fuels, such as low- or
medium-Btu gas.

Home Previous

The low emissions SGT6-5000F gas turbine
engine consists of a 13-stage axial-flow
compressor, a combustion system composed
of 16 can-annular baskets and a four-stage
turbine. Packaged with the generator and
other auxiliary modules, the SGT6-PAC 5000F
power generation system provides
economical power for peaking duty,
operational flexibility and load following
capabilities for intermediate duty, while
maintaining high efficiencies for continuous
service. Regardless of the application, the
SGT6-5000F gas turbine is the basic building
block for a wide variety of power generation
systems.

Siemens simple cycle applications

The Siemens Simple Cycle (SSC™)
SSC6-5000F power plant, nominally rated at
208 MW, is a self-contained, electric power
generating system suited for simple cycle
applications. The design of the SSC6-5000F
includes over 50 years of experience in gas
turbine technology and power plant design.
The following proven features, incorporated
into the SSC6-5000F power plant include:

1 Factory assembled fuel, auxiliary,
lubricating and electrical packages

= Walk-around enclosures for turbine and
auxiliary packages

SPPA™-T3000 Web-based control system
Air-cooled generator

m Normal start time - 29.5 minutes to base
load

m Fast-start capable - 10 minutes to
150 MW,



Siemens combined cycle applications

Siemens has more than four decades of
experience in combined cycle plant design.
Our first combined cycle experience came in
the early 1960s with the installation of the
West Texas Utilities plant using a W301, a
30-MW gas turbine. The second generation
of combined cycle plants were the PACE
(Power at Combined Efficiencies) plants
introduced in the early 1970s. The PACE
plants used an earlier W501 model, the
W501B, as their prime mover and were
pre-engineered, standardized combined
cycle plants.

The Siemens Combined Cycle (SCC™)
SCC6-5000F plant design (as shown in
Figure 1) is built on the strong knowledge
base derived from these previous design
efforts. With 1x1 (~304 MW) and 2x1

(~615 MW) configurations, the SCC6-5000F
family of combined cycle plants is sized to
meet the various base and cyclic load
requirements of utilities, independent power
producers (IPPs) and merchant plant
operators. The development of these designs
allows for cost-effective plants that require
minimal project-specific engineering.

Figure 1 - SCC6-5000F combined cycle
plant design

Project capabilities

Siemens is experienced in producing
successful power projects. Our
comprehensive scope of capabilities includes:

w Total turnkey power plants
= Integrated project management
= Plant engineering and design
0 Plant permitting assistance
1 Equipment installation

= Plant operation and maintenance.

When Siemens takes responsibility for a
project, or any portion of it, an integrated
project management approach is applied to
the task. The planning techniques used are
among the most advanced in the industry.
Project goals are clearly developed and well-
communicated. Work packages are created
that include drawings, material lists and sign-
off sheets. Personal accountability means a
personal commitment to quality. Siemens
has achieved an impressive record for
building plants on schedule and within
budget.



SerVice and A global network for service and

support

Supp OT'T siemens is equally committed to providing

comprehensive service programs that truly
support and optimize the performance of
your equipment. We begin with technical
assistance provided during the installation
and start-up of your equipment and continue
with a multitude of service options. These
include turnkey maintenance inspections,
technical field assistance, modernizations
and upgrades, repair and refurbishment, and
control system service and upgrades.

We have established a powerful and
responsive service network with more than
4,000 field engineers and technicians in
regional service offices around the globe.
So wherever you are, wherever your plant is
located, we speak the language, we know
the market and we are available when you
need us...with rapid-response solutions that
can translate into measurable benefits for
you.

Total Maintenance Services

Our comprehensive service approach also
means that we have the ability to track unit
trends in our global fleet through leading-
edge diagnostics technology to help promote
maximum unit performance and availability.
Total Maintenance Services (TMS) is a
structured outage planning, implementation
and lessons-learned process. It enables our
customers to receive regular notifications of
the latest engine design improvements and
upgrades, as well as notices regarding
inspection and maintenance activities.
Pre-outage planning is a standard feature to
ensure preparedness by identifying necessary
parts, recommending modifications and
upgrades that are available, suggesting new
training programs, addressing customer
questions and concerns, and offering a
comprehensive scope of recommendations.

By analyzing data and trends from the entire
operating fleet, we have the ability to
identify issues before they impact your plant
performance. The constant flow of
information and documented pre-outage
planning initiatives enable our customers to
be better informed and prepared for a more
efficient and timely outage that meets their
goals of unit reliability, outage duration and
budget.

Service programs

Our service programs link performance with
customer objectives, providing turnkey
outage services, as well as parts and repairs
for scheduled and unscheduled
maintenance.

This performance-based approach provides
incentives for both parties to benefit from
on-time completion, high-quality
maintenance, project management and
advanced, remote monitoring and
diagnostics systems. A dedicated program
manager is on-call to provide support, and a
dedicated team of locally based district
managers, home office personnel and
factory-trained technicians understand and
are closely aligned to your objectives. Our
flexible service approach enables us to work
with you to create a service program that
truly meets your requirements.

We develop an ongoing partnership to help
ensure your project’s long-term success. We
are committed to serving our customers well
after plant commissioning. That is why we
offer comprehensive service options, backed
by a global network of resources, to support
your equipment throughout its entire life-
cycle.



Power Diagnostics®

Siemens has provided diagnostic systems
design and implementation since the early
1980s. Whether you are a plant owner or
operator, our Power Diagnostics services can
help you maximize your plant performance,
availability and profitability.

Your power business is unique and your
business requirements demand the most
innovative and effective solutions available.
We meet these challenging requirements
with one of the most effective monitoring
and diagnostics services available to power
plant owners.

Our Power Diagnostics centers in the United
States and Germany are monitored around
the clock with experienced professionals who
understand the complexity of your turbine
systems and the demands placed on them.
These highly skilled and trained engineers
recognize the importance you place on
keeping your plant on-line to meet business
demands. If an abnormal trend is detected,
your data will be analyzed, compared to our
vast historical operating fleet database and
presented in an understandable manner to
your plant staff for timely trend assessment.
Analysis results also can help you to schedule
outages with more precision. if required,
quick-response technical resources also can
be dispatched for on-site problem resolution.

To help you optimize your plant operating
availability and enhance your bottom line,
Power Diagnostics is invaluable in assisting
with the detection of impending operational
problems, thereby helping to minimize
unplanned outages and maximize power
generation availability.

Power
Diagnostics
services



SGT6-5000F
gas turbine

General description

Designed for both simple and combined
cycle applications, the SGT6-5000F gas
turbine can operate on conventional gas
turbine fuels and a wide range of alternate
fuels subject to review by Siemens. The gas

turbine consists of a 13-stage, high efficiency

axial compressor tied to the four-stage
turbine using a single tie bolt rotor design.
The combustion chamber is equipped with
16 ultra low NO, (ULN) or dry low NO, (DLN)
combustors arranged in a circular array
around the engine centerline. The gas

turbine is coupled directly to the generator at

the compressor end.

Ambient air is drawn through the inlet
manifold and inlet casing into the

compressor. It is pressurized to approximately

17 atmospheres and guided into the
combustors, where it is mixed with fuel and
ignited, raising the temperature of the

mixture. The compressed and heated mixture

then expands through the turbine, dropping
in pressure and temperature as the heat
energy is converted into mechanical work. A
portion of the power developed by the
turbine is used for driving the compressor,
with the balance of power used to drive the
generator. Expanded gases are then
exhausted into the atmosphere through an
exhaust stack for a simple cycle application
or through a heat recovery steam generator
(HRSG) and exhaust stack in a combined
cycle application.

Design features

SGT6-5000F gas turbine features, such as
cold-end generator drive, two-bearing
design, horizontally split casings, can-
annular combustors and tangential strut
supports, have been used in this gas turbine
family since the early 1950s.

The axial exhaust concept, introduced in
1970 on the W501AA, improves performance
and provides greater flexibility for multiple
unit plant arrangements especially when
applied to combined cycle power plants.

Design features summary:

A two-bearing rotor used to simplify
alignment

Bearings that operate at below
atmospheric pressure to prevent shaft seal
leakage

Readily accessible bearings that can be
removed and replaced without lifting the
gas turbine covers

Compressor blades that can be removed
for inspection and re-installed disturbing
blades in other rows or removing the rotor
from its casing

Low temperature environment of the
exhaust bearing permits the use of
less expensive and readily available
lubricating oil

Individual turbine blades that can be
removed for inspection or replaced with
the rotor in place and without disturbing
other blades

1 Compressor stators and turbine vane
carriers that can be taken out for
inspection or be replaced with the rotor in
place

I Field balancing with two end and one
center balance planes that are easily
accessible

I Multiple boroscopic inspection ports in the
compressor and turbine flow paths to
permit inspection of the blading without
lifting covers

Turbine supports for free expansion and
contraction without disturbing the shaft
alignment

1 Cooling circuits designed to protect the
gas turbine parts from the high
temperature gas stream for better
reliability and longer life



! A tangential strut support system for the
turbine-end bearing — a Siemens patented
feature — for maintaining the bearing on
centerline for all conditions of load and
temperature.

Major assemblies
Casings

Engine casings are horizontally split to
facilitate maintenance with the rotor in
place. Inlet casings are cast from nodular iron
or fabricated from cast steel. The compressor
section casings are cast from nodular iron
while the combustor, turbine and exhaust
casings are alloy steel.

Eight radial struts support the inlet bearing
housing while six tangential struts support
the exhaust-end bearing housing. Airfoil-
shaped covers protect the tangential struts
from the blade path gases and support the
inner and outer diffuser cones.

Tangential struts maintain alignment of the
turbine end bearing housing by allowing it to
rotate to accommodate thermal expansion.
Individual inner casings (vane carriers) are
used for each turbine stationary stage and
can be readily replaced or serviced with the
rotor in place. Similar vane carriers are in the
compressor for stages 9 through 13. The
vane carriers have a thermal response
independent of the outer casing, thereby
permitting them to remain concentric to the
rotor. This allows for a minimum clearance
between rotating and stationary airfoils in
order to increase flowpath efficiency.

Rotor assembly

The rotor consists of the compressor and
turbine rotor components on a single tie bolt
and supported by two tilting-pad bearings. A
direct lubricated, double acting thrust
bearing located at the compressor end of the
gas turbine accommodates engine thrust.

The rotor is a single tie bolt design comprised
of multiple discs equipped with Hirth
serrations for torque transmission.

Any turbine or compressor blade can be
removed for inspection and replaced without
lifting the rotor.

Air inlet system and compressor

The air inlet system, consisting of the inlet
filter, inlet silencer, associated ductwork and
inlet manifold delivers air to the compressor.
The compressor is a 13-stage axial flow
design and achieves a 17-to-1 pressure ratio.
Inter-stage bleeds for starting and cooling
flows are located at the 5%, 8™ and 11*"
stages. The compressor is equipped with four
stages of variable guide vanes to improve the
compressor surge characteristics and part
load performance.

The compressor flow path design is based on
an advanced three-dimensional flow field
analysis computer model. The blades of the
first four stages are 17-4 PH (17% Cr
precipitation hardened stainless steel). Rows
five through 13 blades use AISI 616 stainless
steel.

Compressor vane rows four through eight
consist of mechanically assembled 60°
segments while rows nine through 13 are
individually removable from a t-root section
of the vane carriers. One row of exit guide
vanes is used to direct the flow leaving the
compressor. Stationary airfoils utilize
corrosion and heat-resistant stainless steel
throughout.

Compressor rotating and stationary airfoils
are coated to improve aerodynamic
performance and provide corrosion
protection.
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Combustion system

The combustion system consists of 16
can-annular, uitra low emissions or dry low
emissions (9 ppm or 25 ppm NO, systems
are available) combustors.

The presence or absence of flame and the
uniformity of the fuel distribution between
combustors are monitored by thermocouples
located downstream of the last stage turbine
blades. These are also used to detect ignition
at start-up and can detect combustor
malfunctions when at load.

Transition ducts, one for each combustor,
direct the hot gases from the combustors to
the turbine blade path. The transitions are
air-cooled and the same design is used in
both simple and combined cycle applications.

Turbine section

The turbine design of the SGT6-5000F gas
turbine maintains moderate aerodynamic
loading by the use of a four-stage turbine.
Furthermore, improvements in aerodynamic
airfoil shapes have been made possible by
using a fully three-dimensional flow analysis
computer model. A sophisticated airfoil
design approach was utilized to target high
aerodynamic efficiency.

The 1% and 2" stages on the turbine rotor
contain 72 and 66 freestanding blades,
respectively. The 3" and 4™ stages contain
112 and 84 blades, which incorporate
integral tip shrouds. The shrouding of blades
allows increases in mass flow and thus an
increase in the power output. The shrouded
biade design prevents flow induced non-
synchronous vibration due to aero-elastic
interaction between blade structure and
flow.

All rotating blades are precision cast of
equiaxed alloy 247 and have long blade root
extensions to minimize the stress
concentration factor that results when load is

transferred between cross sections of
different size and shape. Roots are multiple
serration type with four serrations used on
the first two stages and five serrations on the
last two stages.

The 1* turbine stationary row consists of

32 precision-cast, single-vane segments of
IN-939 alloy coated with thermal barrier
coating (TBC) for improved thermal
resistance. Consistent with previous proven
W501 designs, 1% row single vanes are
removable, without lifting any covers,
through access ports in the combustor shell.
Inner shrouds are supported from the torque
tube casing to limit flexural stresses and
distortion, thus maintaining control of critical
1% row vane angles. In the 2™ turbine
stationary row, there are 24 two-vane
segments precision-cast of IN-939 alloy,
which are also treated with TBC. The 3¢
turbine stationary row consists of 16 three-
vane segments and the 4" turbine stationary
row consists of 14 four-vane segments. Both
are precision cast of IN-939,

Each row of vane segments is supported in a
separate vane carrier, which is keyed and
supported to permit radial and axial thermal
response independent of possible external
cylinder displacements. Segmented isolation
rings support the vane segments. Ring
segments located over the rotating blades
form the flow path outer annulus. Isolation
and ring segments both act to limit thermal
conduction between the flow path and the
vane carrier, thus mitigating clearance
changes in the turbine section. The
interstage seal housings are uniquely
supported from the inner shrouds of rows
two, three and four vane segments by radial
keys. This permits the thermal response of
the seal housings to be independent of the
more rapid thermal response of the vane
segments.
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Figure 2 - Row 1 vane cooling

Cooling system

Comprehensive cooling methods enable the
SGT6-5000F gas turbine to operate at high
performance firing temperatures while using
conventional materials.

Compressor bleed air from the 11%, 8" and
5t stages are used to provide cooling air to
turbine vane carrier cavities at the 2", 39 and
4™ stages, respectively. This supply of bleed
air also cools the 2", 3" and 4* stage vanes
and ring segments, and provides cooling air
for the turbine interstage disc cavities to
shield the interstage seals and disc faces
from hot blade path gases.

Direct compressor discharge air is used to
cool the 1%t row vane. The 1% row vane
cooling design uses state-of-the art concepts
with three impingement inserts in
combination with an array of film-cooling
holes and a trailing edge pin-fin system.
“Showerhead” cooling is used at the leading
edge of the 1% row vane, while film cooling is
used at selected pressure and suction side
locations. This limits vane wall thermal
gradients and external surface temperatures,
while providing an efficient re-entry for
spent cooling air. Pin-fins, used successfully
for the first time on the W501D5 1% row
vane, are used to increase turbulence and
surface area, thereby optimizing the overall
trailing edge cooling effectiveness (see
Figure 2). The design of the 1% row vane is
such that the low cycle fatigue (LCF) design
criteria is satisfied by control of wall thermal
gradients.

For the 2™ row vane, 11* stage compressor
bleed air is ducted directly to the twin insert
system. The 2™ row vane cooling is a less
complex version of 1% row vane cooling. It
uses twin impingement inserts with film-
cooling holes and a trailing edge pin-fin
system. Film cooling is used at one location
on the suction side and at the exit of the aft
insert on the pressure side.

Protective THC

Compressor bleed air from the 8% stage is
used to supply cooling air to the 3 stage
vane carrier cavity. Cooling air is directed to
the inlet cavity of a three-cavity multipass
convective-cooled vane airfoil. Leading edge
cavity flow also supplies the interstage seal
and cooling system, while the third pass
cavity exits at pressure side gill holes on the
vane surface. The 4" stage vane is uncooled,
but does transport 5™ stage compressor
bleed air for the 4" row inter-stage seal
(Figure 3 depicts the cooling system).

Rotor cooling air is extracted from the
combustor shell. The air is externally cooled
and returned to the torque tube seal housing
to be used for seal air supply and for cooling
of the turbine discs and 1%, 2 and 3" stage
turbine rotor blades. This provides a blanket
of protection from hot blade path gases.

The 1% row blade is cooled by a combination
of convection techniques via multipass
serpentine passages and pin-fin cooling in
the trailing edge exit slots (see Figure 4). Air
supply for blade cooling is high-pressure
compressor discharge air that has been
cooled and returned to the turbine rotor via
four supply pipes in the combustor shell.
Cooling air flows outward through slots in
the root and is conveyed radially through the
blade shank. Showerhead film cooling is
used for the leading edge region. The 2™ row
rotor blade is also precision cast and is cooled
by a combination of convection techniques
via serpentine passage and pin-fin cooling in
the trailing edge exit slots. The 3" row blade
is precision cast with single pass convective
cooling holes.

The cooling system maintains the steel
turbine discs at a temperature sufficient to
keep the disc below the creep range.

Figure 3 - Turbine cooling air system
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Exhaust cylinder section

The exhaust cylinder fabrication is composed
of the bearing housing, inner and outer
cones of the exhaust diffuser and outer case,
all joined together by means of a strut
system. The strut system consists of six
bearing struts equally spaced around the
circumference but positioned tangentially
with respect to the bearing housing.

These struts extend from the bearing
housing to the outer case. In the hot gas
section of the exhaust diffuser, the bearing
struts are shielded inside another set of
struts, which are hollow and serve as
supports for the exhaust diffuser cones.
Thus, the bearing struts are protected from
the hot exhaust gas by envelopes of cooler
air around them. This results in a strut
system that is less sensitive to transient
temperatures. Growth of the outer case and
struts is accommodated by bearing housing
rotation.

The system provides a low stress, rigid
support, capable of holding the bearing on
center for variations of load and
temperature,

Axial exhaust manifold section

The exhaust manifold section consists of the
exhaust manifold, expansion joint with flow
liner and exhaust transition. The exhaust gas
flows through the manifold and flow liner
into the transition and is then discharged
into the stack.

The manifold acts like a muffler in which the
flow is slowed down without becoming
excessively turbulent. This flow stabilization
further improves the gas turbine
performance. All parts of the exhaust
flowpath, with the exception of the
expansion joint, are fabricated from high
temperature stainless steel.

The exhaust manifold is composed of one
outer and inner cylinder held together by
means of three hollow struts. The outer
cylinder has the shape of a truncated cone.
The inner cylinder, in conjunction with the
inner cone of the exhaust diffuser, forms an
enclosed chamber around the gas turbine
centerline. An access passage to this
chamber and a channel for the pipe and
conduit lines going to the bearing area are
provided through the hollow struts.

The manifold is connected to the exhaust
transition by means of an expansion joint
made from a high temperature-resistant
material. The expansion joint’s primary
function is to accommodate the axial growth
of the unit due to thermal expansion and to
prevent any external load from being
imposed upon the exhaust manifold.

The axial exhaust configuration is ideally
suited for waste heat recovery applications,
such as combined cycle, cogeneration and
repowering.
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General description

The SGT6-PAC 5000F is designed to provide
the user with a complete power generating
system. Components and subsystems are
selected to form a compact plant housed
within enciosures as required.

The SGT6-PAC 5000F features modular
construction to facilitate shipment and

field assembly. Each component of the
SGT6-PAC 5000F plant is factory assembled
to the extent permitted by shipping
limitations to minimize field assembly.

A pipe rack assembly and interconnecting
piping between the components is supplied,
eliminating the need for extensive piping
fabrication during construction.

The basic bill of materials for an SGT6-PAC
5000F typically inciudes the following
equipment and assemblies:

= SGT6-5000F gas turbine
= Open air-cooled generator
= Static excitation system

Static frequency converter starting system

7 Electrical package
= Lubricating oil system package

= Instrument air system

= Hydrauiic oil system
m Gas fuel system

= Inlet air (static filtration) and exhaust gas
systems

Compressor water wash skid

Piping packages
@ Cooling systems
= FM-200089 fire protection
= Voltage transformer and surge cubicle

= SFC and static excitation equipment (SEE)
transformers

@ Turning gear

@ Control system.

Optional equipment:

© Evaporative cooling system
Dual fuel combustion system
Liquid fuel system

Totally Enclosed Water-to-Air-Cooled
(TEWAC) generator

= Water injection package (supplied with
liquid fuel system for NO, control)

SFC for fast start configuration
Part load low CO system

-

Power augmentation system with steam
injection

! Pulse filtration system

Starting package with brushless excitation

i Exhaust stack (for SSC6-5000F simple
cycle power plant)

Fire protection (LP CO, or HP CQ,)
7 Inlet heating system.

[ |



Generator

The open air-cooled (OAC) Siemens
Generator (SGen™) is equipped with a
cooling air filter, silencers, inlet and exhaust
ducting, collector ring assembly, acoustical
enclosure and necessary instrumentation.
The isolated phase bus interfaces are near
the non-drive end of the generator and the
top of the enclosure. There are three main
(line side) leads and three neutral leads.
Internal cooling is provided via shaft-
mounted blowers, which direct filtered
ambient air through the generator's major
internal components. A solid coupling
connects the generator to the compressor at
the cold end of the gas turbine.

A totally enclosed water-to-air-cooled
(TEWAC) generator (as shown in Figure 5)
is available as an option.

Generator cooling system

For open air-cooled generators the cooling
air is drawn into the generator through a pad
or pulse type filter and a silencing section
contained in the inlet duct. The cooling air is
forced through the generator via shaft-
mounted blower fans located on either end
of the generator shaft. As the forced air
passes through the generator's major internal
components, the heat is absorbed into the
air and exhausted through the exhaust duct.

When selected, a TEWAC system provides a
closed cooling air circuit. Cooling water is
circulated through tube banks to exchange
heat energy between the closed circuit
generator cooling air and water. The internal
active cooling paths, including the shaft-
mounted blowers, are identical in both OAC
and TEWAC designs. The generator is
equipped with interface points for supply
and return cooling water.

Static excitation system

The static excitation system is designed to
provide control, protection and monitoring
functions for a synchronous generator. The
system includes the static exciter (housed

in a temperature-controlled and weather-
resistant container), voltage regulator
(housed in the electrical package), collector
ring assembly and brush rigging. The
collector ring assembly and brush rigging are
supplied with the generator.

Brushless excitation is available as an option.

Static frequency converter starting
system

The static frequency converter (SFC), also
known as a load commuted inverter, is used
for starting the gas turbine. The SFC
generates a rotating magnetic field in the
generator stator that interacts with the
magnetic field generated by the static
excitation equipment (SEE) in the generator
rotor to provide the torque required to rotate
the turbine. The SFC power output is rated to
bring the unit to the speed needed for
turbine combustor ignition. After ignition the
SFCis used only partially to assist the turbine
to achieve the rated speed. The SFC and SEE
are housed in temperature-controlled and
weather-resistant containers.

The SFC is also used to turn the turbine for
compressor cleaning and for heat recovery
steam generator purging in combined cycle
power plants.

In order to achieve fast-start capabilities, a
larger capacity SFC system is available as an
option. A starting package with brushless
excitation is also available as an option.
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Auxiliary
packages

Electrical package

The electrical package contains equipment
necessary for sequencing, control and
monitoring of the gas turbine and generator.
This includes the gas turbine control system,
motor control centers, generator protective
relay panels, fire protection system, battery
and battery charger. The batteries are in an
isolated section of the package and are
readily accessible from the outside.
Redundant HVAC units are provided in the
electrical package to ensure a clean
environment for the temperature sensitive
electrical and control equipment.

Lubricating oil system package

The lube oil package is a factory
manufactured weather-resistant skid for the
lubricating oil system. The lubrication system
provides clean, filtered oil at the required
temperature and pressure for lubricating
bearings of the gas turbine and generator as
well as for the lubrication requirements of
the turning gear. The lube oil package
includes a lube oil reservoir, which provides a
mounting base for the following lube oil
system components:

Main and alternate AC motor-driven

pumps

Emergency DC motor-driven pump

Vapor extraction blowers

Duplex filter assembly

Accumulators

Lift oil equipment.
The fin fan lube oil cooler assembly is located
on top of the lube oil package. The lube oil
system is supplied complete with

interconnecting piping, valves and
instrumentation.

A duplex plate and frame cooler is available
as an option.

[“Home | next ] previous |

Instrumentation air system

The turbine enclosure houses the
compressed air reservoir and a pressure
switch and gauge panel. The pressure switch
and gauge panel contains all of the required
pressure switches, gauges, regulating and
safety valves, air filters and desiccants. These
components clean, dry, control, monitor and
direct the instrument air to various valves
and instruments. For combined cycle
installations, the most efficient source of
compressed air is typically the plant service
air compressors. For simple cycle installation,
an optional reciprocating air compressor can
be provided.

Hydraulic oil system

A hydraulic oil power unit (HPU) is supplied.
The HPU provides medium pressure hydraulic
oil to operate the gas fuel stage throttle valve
and the inlet and variable guide vane
actuators. The HPU is a self-contained unit
mounted on a fabricated steel skid assembly
and is located outdoors adjacent to the gas
turbine enclosure and the mechanical
package enclosure.

The major components are:
! Stainless steel fabricated oil reservoir

AC motor-driven high pressure charge
pumps; fully redundant (2 x 100%)
mounted and driven by the high pressure
pump motor spindle shaft

Hydraulic oil cooler, radiator type fan
Filter (100% redundant) housing assembly

Safety relief valves, pressure regulating
valves

Hydraulic accumulators
Electricimmersion heaters

instrumentation for local and remote
monitoring of pressure and temperature

Interconnect tubing assemblies (stainless
steel).



Gas fuel system

The principal components of the gas fuel
system are located inside the turbine
enclosure. For the base unheated fuel
design, the fuel filter/separator is installed
outdoors adjacent to the gas turbine
enclosure. The piping assemblies and valves
are supplied as spool sections for field
erection. The major components of the base
fuel system include:

@ Fuel filter/separator system

" Fuel throttle valves for each fuel stage
with associated instrumentation

Overspeed trip and shut-off valve(s)
Vent valve

Fuel flow monitoring orifices with
associated instrumentation.

Instrumentation to monitor the critical
parameters is centralized and mounted on a
fuel control panel located inside the turbine
enclosure. Pressure gauges to locally monitor
the fuel pressure are typically located on this
panel. Field installed interconnecting piping
assemblies that direct the fuel to the turbine-
mounted fuel manifolds are supplied.

For the optional heated fuel design, an
additional filter/separator for the pilot stage
and a pilot overspeed trip/shut-off valve are
supplied. The pilot filter separator is also
located outdoors adjacent to the turbine
enclosure.

The heated fuel option is typically applied in
combined cycle applications.

Liquid fuel system (optional)

For liquid fuel applications {(either dual or
single fuel), a liquid fuel system is supplied.
The liquid fuel system consists of factory-
assembled components, including an AC
motor-driven fuel pump, a suction side
duplex fuel filter with transfer valve and a
control valve installed on a bedplate.
Interconnecting piping to the gas turbine is
also included.

Liquid fuel/water injection system
(optional)

When a liquid fuel system is included a
factory-assembled demineralized water
injection skid is furnished. This water
injection skid is assembled on a bedplate and
includes an AC motor-driven injection pump
with suction strainer, manifolds, control
valves and instrumentation.

When liquid fuel and water injection systems
are included, an additional skid for the
primary fuel and water distributing
components is provided and is located inside
the turbine enclosure. In a typical liquid fuel
installation, this skid contains liquid fuel flow
dividers, liquid fuel control valves, water
injection valves and a local instrument panel.

Inlet air and exhaust gas systems

Air that is drawn into the gas turbine is
filtered via a two-stage pad filter. A self-
cleaning pulse filter is also an available
option. After passing through the filter and
inlet silencer for sound attenuation, the inlet
air duct guides the air into the compressor
inlet manifold. This manifold is designed to
provide a smooth flow pattern into the axial
flow compressor. After passing through the
combustor and turbine section, combustion
gas discharges axially through a transition
section which is an interface on the exhaust
system.

An exhaust stack can be provided as an
option for simple cycle applications.

17
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Compressor water wash skid

The compressor water wash skid is provided
for both on-line and off-line compressor
cleaning. It incorporates an AC motor-driven
pump, piping, valves, strainer junction box,
cabling, flowmeter and a detergent storage
tank. These are assembled on a portable skid
trailer with steel wheels attachable to a
trailer hitch or clevis.

As an option, a fixed compressor cleaning
skid can be provided for remote on- and off-
line control.

Piping packages

SGT6-PAC 5000F piping is designed and
manufactured to minimize field work. Each
of the major pipe assemblies is factory
fabricated to reduce field connections.

The turbine pipe package is located adjacent
to the gas turbine and in the gas turbine
enclosure. It contains valves and piping
assemblies for the turbine cooling air system
and the lube oil system.

Lube oil cooler

An air-to-oil fin-fan lube oil cooler (water-to-
oil cooler, optional) and the associated
temperature control valve are mounted on
top of the lube oil package roof. The
temperature control valve maintains the lube
oil temperature within the design range by
controlling the flow of oil through the cooler.

Rotor air cooler

Rotor cooling air is extracted from the
combustor shell, cooled by an external
cooler, and introduced into the turbine
section via the torque tube seal housing to
be used for sealing purposes and to cool the
appropriate rotating discs and rotating
blades.

-

(TR

The rotor air cooler system supplied for
simple cycle applications is an air-to-air fin-
fan heat exchanger fitted with a variable
speed motor-driven fan. The energy removed
from the cooling air is released to the
surrounding air.

For SGT6-PAC 5000F package or SCC6-5000F
turnkey combined cycle applications, the
rotor air cooling system may include an air-
to-water heat exchanger (kettle boiler)
instead of a fin-fan cooler. With the kettle
boiler, the energy removed from the cooling
air is recovered and used to produce
intermediate- and low-pressure steam. This
steam is introduced into the steam circuit to
improve the plant efficiency.

Fire protection system

The fire protection system gives a visual
indication of actuation at the local control
panel. The FM-2009 fire suppressant system
is provided for total flooding protection of
the turbine enclosure and the electrical
control package in accordance with the U.S.
National Fire Protection Agency standards.

The CO,-based fire suppressant system is also
available as an option.

VT and surge cubicle

A voltage transformer (VT) and surge cubicle
is provided as a separate unit for connection
to an isolated phase bus. it contains two
three-phase sets of voltage transformers and
one set of surge arresters.

Transformers for SEE and SFC

The transformers for power supply to the
SEE and SFC are three-phase, two winding,
dry-type power transformers. The SEE
transformer is rated for continuous duty
whereas the SFC transformer is rated

for short-time duty. The transformers

have a self-cooled ventilation system

with vent filters.



Turning gear Figure 6 - SSC6-5000F arrangement diagram depicts the location of the major
The turning gear provides a capability for components in a Siemens simple cycle power plant

remote, automatic, unattended spinning

of the turbine-generator drive train. The
turning gear is used to breakaway the
turbine-generator from rest and to spin the
drive train up to the normal 120 rpm turning
gear speed. The turning gear will maintain
this shaft speed for activation of the SFC
and successful start of the gas turbine until
synchronous speed has been achieved.

The turning gear is coupled to the exciter
end of the generator rotor with a flexible
coupling. The turning gear assembly
comprises a double reduction worm gear,

an overrunning clutch and two AC motors.

A small AC motor is connected to the primary
gear and is used for clutch engagement and
slow breakaway of the turbine-generator
drive train. A larger AC motor is connected to
the secondary gear and is used to spin the
drive train up to a normal turning gear speed
of 120 rpm. The turning gear can be
engaged while the turbine-generator shaft is
at rest or coasting down (synchronization
feature).

Control system

Instrumentation and control system cabinets
located in the electrical package perform
tasks such as:

1 Open-loop control of step sequences f°f The Siemens Power Plant Automation
startup and shutdown of the gas turbine  5ppa.T3000 is the installed turbine I&C
and its subsystems, sub-loop and system that reliably performs all these tasks.

individual drive control circuits

Closed-loop control of fuel valves or pitch
| variation of the compressor inlet guide
vanes

Protection of plant equipment

Operation and monitoring of the GT via
the human-machine interface

Engineering and diagnostics of the
I&C system.



SSC6-5000F plant arrangement diagram

Figure 7 - SGT6-PAC 5000F simple cycle plant general arrangement drawing

i 1n
59'~113" ]

197 - 413"

[60.2m]

(18.3m] 19]

=

~ Key 113 NO,controlinjectionskid |
" Gas turbine (GT) 14 Fuel oil skid '

2 GT enclosure QSIS AR 15 07| COntrol Ol ISKid) Ry iy ikt SRR esaa
'3 Generator (OAC) |6 itubeloillpackage [T
‘4 Generator air inlet filter 17| Lubeoil cooler (fin-fan)

Is Turbine air inlet duct and silencer 18 Electrical package

! 6 Turbine air inlet filter ; 19 __E[EE[SFC x

7 Fuel gas main and piIot-i-i-l-t_e-rgéﬁ‘a'réia'r;-""ﬁ_-_g_om___ SFC transformer BERRLR
}"5—” FM-200® fire protection |21 | SEE transformer

9 | Exhaust transition SEgREy 22 | VT surge protection and SFC switch RS
k10 | Exhaust stack ﬁ'jm“‘m_ R cubicle : A
11 | Rotor air cooler (fin-fan) - 23 Turning gear
' FOWI acoustic wall 24 _I‘H‘s_tﬁ_:ment air compressor

20

Comment: Items 13 and 14 only required with

dual fuel,

Notes: The equipment shown is representative
information. This design is subject to change at the
discretion of Siemens. All dimensions shown are in
feet and inches (metric).




SGT6-PAC 5000F performance

The following is the net reference performance for the SGT6-PAC 5000F.

Combustor type ULN dry DLN* dry Steam augmentation
Fuel Natural gas Natural gas Natural gas
Net power output (kW) 199,600 205,900 224,700
Net heat rate (Btu/kWh) LHV 9,102 9,081 8,802

Net heat rate (kJ/kWh) LHV 9,604 9,582 9,287
Exhaust temperature (°F/°C) 1,088/587 1,113/601 1,114/601
Exhaust flow (Ib/hr) 3,995,800 3,997,900 4,130,300
Exhaust flow (kg/hr) 1,812,400 1,814,400 1,873,400
Fuel flow (lb/hr) 84,500 86,900 91,971
Fuel flow (kg/hr) 38,340 39,400 41,717
Fuel Liquid Liquid Liquid**
Net power output (kW) 190,700 191,100

Net heat rate (Btu/kWh) LHV 9,377 9,301

Net heat rate (kJ/kWh) LHV 9,893 9,813

Exhaust temperature (°F/°C) 1,052/567 1,045/563

Exhaust flow (ib/hr) 4,048,400 4,048,200

Exhaust flow (kg/hr) 1,836,300 1,836,200

Fuel flow (lb/hr) 96,946 96,741

Fuel flow (kg/hr) 43,974 43,881

*Steam injected through the combustor section casing into the compressor discharge air to increase output.
**Steam augmentation with liquid fuel available on a case-by-case basis.

Conditions: Natural gas or liquid fuel meeting Siemens’ fuel specifications. Elevation: Sea level; 14.696 psia barometric
pressure, 60% relative humidity, 59° F (15° C) inlet air temperature, 3.4 in. water (87 mm water) inlet loss, 5 in. water
(127 mm water) exhaust loss, air-cooled generator and .90 power factor (pf).

Correction curves
To estimate thermal performance of the SSC6-5000F plant at conditions other than those noted above, the
following correction curves are provided:

Correction for compressor inlet temperature (Figure 8)

Correction for excess exhaust pressure loss (Figure 9)

Correction for excess inlet pressure loss (Figure 10)

Correction for barometric pressure.***(Figure 11)

***Barometric pressure (BP) can be calculated from the site elevation (ELE) using:
BP = 7.08601 E -09 x ELE, -5.29221 E -04 x ELE +14.696

Note: BP in psia and ELE in ft.

y
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Correction curves

To estimate thermal performance of the SGT6-PAC 5000F at
conditions other than those noted, the following correction curves

may be used.

1 1 ULt DEL

Conditions
Fuel: Gas, 100% CH, Fuel temperature: 60° F Compressof infet temperature: 59° F
Ambient pressure: 14.696 psia Infet total pressure loss: 3.4 in.H,0 Exhaust static pressure Joss: 5.0 In.H,0

s ——

Conditlons
Fuel: Gas, 100% CH, Fuel temperature: 60°F Compressor iniet temperature: 59" F

Ambient pressure: 14 696 psis. Inlet total pressure loss: 3.4 nH,0  Exhaust static pressure loss 5.0 in.H,0

Compressor infet relative humidity: 60%

Compressor inlet relative humsdity: 60%




Conditions
Fuel: Gas, 100% CH,
Ambient pressure: 14.696 psia

Condltions
Fuel: Gas, 100% CH,
Ambient pressure: 14.696 psia

Fuel temperature: 60° F inlet 59°F inlet relative humidity: 60%
Inet total pressure loss: 3.4 inH,0 Exhaust static pressure loss: 5.0in.H,0

HTE
stimated

imbient pressul

Fuel temperature: 60°F Compressor inlet temperature 59°F Compressor inlet relative humidity: 60%
Inlet totai pressure loss: 3.4in.H,0  Exhaust static pressure loss: 5.0 n.H,0

ome | wew ] rrevous |
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SGT6-PAC 5000F technical data

SGT6-5000F gas turbine
Compressor
Type
Number of stages
Rotor speed
Pressure ratio
Inlet guide vanes
Combustion system
Combustors
Type
Configuration
Fuel (base)
Fuel (option)
Number
Fuels

Natural gas pressure range

Liquid fuel (option)

Turbine
Number of stages
Number of cooled stages
Bearings
Journal bearing
Type
Quantity
Thrust bearing
Type
Quantity
Drive

Recommended inspection
interval
Inspection type - gas fuel
Combustor
Hot gas path
Major overhaul

* A fast-start option is availoble to
provide 150 MW in 10 minutes

SGT6-PAC 5000F

475 to 500 psig — Nominal @ gas turbine
filter/separator inlet flange

50 to 90 psig @ fuel oil skid interface flange
(demineralized water injection required)

Generator
Standard
Axial flow Type
13 Base
3600 rpm Option
17:1 Excitation
Variable Base
Option
[ Nameplate rating
Uitra Low NOy MVA
Can-annular Power factor
Gas fuel only Voltage
Gas fuel and liquid fuel Current
16 Frequency
Speed

Field current

Field voltage

Ambient temperature

4 Cold gas temperature
3 Insulation class
Operation class
Short circuit ration
Tilting pad Direct axis impedance
2
Drive end
Tilting pad
1 Starting system

Cold end, direct coupled

Electric motor started
Starting time to base load*

Turning gear

Hours Starts
12,500 N/A
25,000 900

50,000 1,800

Plant weights and dimensions
Shown below is a typical list of the major pieces of equipment along with their approximate shipping weights and nominal

dimensions.

Item

Gas turbine

Electrical package

Lube oil package

Lube oil cooler (fin-fan)
Turbine piping package
Rotor air cooler (fin-fan)
Generator Aeropac Il
Heaviest piece lifted
During construction
After construction

24

Weight tength Width
462,700 Ibs 32ft8in 13 ft0in
50,000 Ibs 36ft0in 12 ft0in
48,700 Ibs 24 ft 6 in 10ft 6 in
31,000 Ibs 29 ft1in 14 ft4in
38,500 Ibs 40 ft 0 in 8ft0in
39,350 Ibs 22 ft10in 15ft0in
530,000 Ibs 41ft0in 12 ft3in
Weight

Air-cooled generator 530,000 lbs
Bladed gas turbine 205,800 |bs
rotor

Height
15 ft 0in
11ft6in
10 ft6in
12ft2in
12 ft0in
13ft6in
13ft0in

ANSINEC

Open air-cooled (OAC)
TEWAC

Static
Brushless
249 MVA
0.90

16.5 kV
8200 A
60 Hz
3600 RPM

1544 A

270V

59°F/15°C
32°C

Class F

Class F

0.45

Saturated

X'd= 2.13 per unit
X'd=0.26 per unit
X'd=0.19 per unit

SFC/SCC
30 min (base)
DC Drive

Remarks
not including beam and lifting saddle

with support structure

without enclosure

including lifting beam



General description

Combined cycle plants can be made up of
various combinations of gas turbines, HRSGs
and steam turbines. The scope of supply can
be an SGT6-PAC 5000F package, SCC6-PAC
5000F power island or SCC6-5000F
turnkey plant.

A typical 2x1 combined cycle power plant
consists of two SGT6-5000F gas turbines
each with a dedicated HRSG that supplies
steam to a shared steam turbine. The gas
turbines will primarily burn natural gas with
optional provisions to burn liquid fuel as a
backup. Each gas turbine will be coupled
with a three-pressure reheat HRSG, which
will generate steam to operate the steam
turbine. Generators attached to the two gas
turbines and the steam turbine will supply
electrical power to the grid.

Major equipment
A typical 2x1 turnkey combined cycle plant
consists of the following major equipment:

: Two SGT6-5000F gas turbines with air-
cooled generators

I Two three-pressure level reheat HRSGs
with stacks (fired as an option)

One multi-cylinder reheat condensing
steam turbine with air-cooled generator

One water-cooled condenser using a
forced-draft cooling tower

= One integrated plant distribution control
system

7 Balance of plant (BOP) equipment
consisting of pumps, transformers, power
electrics, etc.

= HV switchyard.

Major equipment descriptions

Gas turbine

The SGT6-5000F gas turbine as outlined in
the general description can be applied in a
combined cycle application.

Heat recovery steam generator

The three-pressure, reheat HRSGs produce
steam, which drives the steam turbine. The
exhaust gas flows horizontally through the
HRSGs releasing heat through the finned
tubes to the water/steam cycle.

Depending on specific project requirements,
the high pressure section of the HRSG can be
either a drum-type or a once-through design.

The sections of the drum-type HRSG contain
economizer tube bundles, evaporator tube
bundles with associated steam drums and a
superheater tube bundle. Feedwater is
pumped through the economizer sections for
optimized performance.

The once-through, BENSON® technology
HRSG has an advanced superheater outlet
design to enhance fast-start capability,
making the plant better suited for operating
regimes between intermediate and
continuous duty. The feedwater is passed
through a condensate polishing system and
pumped through the sections of the boiler.

Either HRSG design can be supplied with
provisions for SCR and/or CO catalyst.

Home | Next | previous _

SCC6-5000F
combined
cycle plants
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Steam turbine

The steam generated in the HRSG is supplied
to a two-cylinder, reheat, condensing steam
turbine with high efficiency blading.
Depending on the back pressure or the
amount of HRSG supplemental firing, the
steam turbine is optimized as a single-flow
axial exhaust condensing type, a duai-flow
side or a down exhaust condensing type.

The single-flow turbine consists of a single-
flow HP turbine element and a combined IP/
LP element. The dual-flow turbine consists of
a combined HP/IP turbine element and a
double flow LP turbine element.

Main steam is supplied directly to the HP
turbine inlet valves. Hot reheat steam and IP
induction steam enters through the 1P
turbine inlet valves. In the dual-flow steam
turbine, LP induction steam enters the steam
path through a port normally located in the
crossover pipe. In the single-flow steam
turbine, LP steam enters the steam path
through an induction port appropriately
located in the turbine blade path. Upon
exiting the LP turbine, steam exhausts into a
water-cooled or air-cooled condenser.

100% steam turbine bypass system

The condenser is designed to accommodate
the exhaust from the steam turbine, plus the
miscellaneous drains from the steam system.
The condenser also is designed to allow
100% steam bypass of the steam turbine.

Condensate pumps

Condensate is pumped from the condenser
hotwell by 2x50% condensate pumps (one
full capacity pump for each HRSG). The
condensate then passes through the low
temperature economizer section in the HRSG
prior to entering the LP steam drum and
boiler feedpump section. For redundancy, an
optional 3x50% arrangement is available.

Boiler feedwater pump island

A boiler feedwater pump island concept is
employed using 2x50% pumps (one full
capacity pump for each HRSG) headered
together. These pumps supply feedwater to
the HP and LP boiler sections of the HRSGs.
The pumps are electric motor-driven and are
located adjacent to the HRSG nearest the
steam turbine. The pumps take suction from
the condensate pump discharge after the low
temperature economizer raises the pressure
to the appropriate level to supply the
feedwater to the boiler section(s).



Cooling system

A typical combined cycle plant incorporates a
water-cooled condenser using a forced-draft
wet cooling tower. Additional arrangements
include a condenser with once-through
cooling or air-cooling.

Control, protection and monitoring
Control, protection and monitoring functions
for the SGT6-5000F gas turbine-based power
plant are performed by the innovative
Siemens Power Plant Automation (SPPA™)
control system known as the SPPA-T3000.
This secured Web-based distributed control
system located within the electrical package
has the expandability and flexibility to
accommodate a wide range of plant
configurations and interface options.

Although the SGT6-PAC 5000F power plant
control system is provided specifically for the
gas turbine-generator unit and its direct
auxiliaries, it is expandable to control other
elements, such as the steam turbines, HRSG
and balance of plant (BOP), within the entire
plant. The SPPA-T3000 system can be located
in a central control room or any other
location.

BOP functions may include thermal
equipment, circulating water loops,
switchyard monitoring and SCADA interface
for a complete combined cycle plant.

Supplemental HRSG firing (option)

Supplemental HRSG firing (duct firing) is
available as an option to increase the plant
output by introducing additional heat energy
into the gas turbine exhaust stream. By
adding burners strategically located in the
HRSG, plant output can be increased by over
6% with moderate duct firing and over 20%
with heavy duct firing.

Site layout and arrangement of
equipment

Using a modular approach, the Siemens
reference power plant (RPP) can readily be
configured to satisfy a number of site or
customer-specific requirements.

Figure 12 - SCC6-5000F 2x1 combined cycle
plant general arrangement drawing (as
shown on page 28) illustrates the base
design configuration for a single fuel (natural
gas only), outdoor arrangement with a
cooling tower.

BOP equipment will be provided in
accordance with Siemens RPP designs as
modified to suit site-specific requirements.
Pre-engineered options are available to
address customer requirements.

The overall site and building arrangements
were developed to optimize space
requirements while maintaining ample
access for operation and maintenance
activities.

The gas turbine-generators, steam turbine-
generator, condenser and associated
auxiliaries are normally located outdoors but
can also be placed in a building as an option.
The HRSG and associated auxiliary
equipment are located outdoors.

Figure 13 - SCC6-5000F 1x1 combined cycle
plant general arrangement drawing (as
shown on page 29) illustrates the base
design configuration for a single fuel (natural
gas only), outdoor arrangement with a
cooling tower.
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SCC6-5000F plant arrangement diagrams

Flgure 12 - SCC6-5000F 2x1 combined cycle plant general arrangement drawmg
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Figure 13 - SCC6-5000F 1x1 combined cycle plant general arrangement drawing
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Plant designation

Cooling

SCC6-5000F
plant
performance

Cooling tower

configuration

Net power (MW)
Net heat rate Btu/

615
5,960 (6,290)

kWh (kJ/kWh)

Steam turbine back

.75 (52)

pressure psia (mbar)
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Combined cycle performance

The performance of combined cycle power
plants varies with the site conditions, the
equipment selected and the thermal cycle
design. For the SGT6-5000F gas turbine-
based combined cycle turnkey plant, the
components and the cycle have been
selected to provide increased performance.

With a turnkey plant scope, we control the
design and supply of critical components,
thus providing the customer with a single
point of contact for performance related
issues. Turnkey combined cycle performance
is shown in the table below.

SCC6-5000F 2x1 turnkey

Once through Air-cooléd

620
5,910 (6,230)

607
6,040 (6,380)

| .64 (44) 1.17 (80)

Figures 14 through 19 provide factors to
estimate the performance for different
compressor inlet air temperatures and
barometric pressures. Figure 20 (as shown
on page 34) is a typical cycle diagram for 2x1
combined cycle configuration.

Options are available to increase the plant
output on hot days. An inlet air evaporator
cooler and/or supplemental HRSG firing can
be added to increase the plant output. The
combined cycle 2x1 base and output
performance (as shown on page 34) shows
the typical base plant and typical
performance enhanced plant data (including
evaporative cooler and supplemental firing
options).

SCC6-5000F 1x1 turnkey

Cooling tower Oncé througﬁ Air-cooled
304 308 301

5,980 (6,310) 5,930 (6,250) 6,060 (6,400)

.75 (52) .64 (44) 1.17 (80)



Correction curves

Heat rate
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Correction curves
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Combined cycle 2x1 base and output enhanced performance

Operating conditions

Evaporator cooler R
Supplemental frrmg RS
| Amblent temperature ("FI“C)
Relatlve humidity (%) b
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i Fuel ;
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Fuel heatlng va_!ye (LH\_/_)_
Fuel HHVILHV ratio

Generator power factor ..

ST backpressure (psralmbar) b &

ST throttle  pressure (psra/bars)

ST thrott_le temperature _(°Fl_‘_"C) _

ST reheat pressure (psia/bars)

ST reheat temperat_ore (°FI°C) _ :

Gross; Iplant output (MW)

Net plant output (MW)

Net plant heat rate (Btu/kWh)
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The reliable SGT6-5000F gas turbine
technology can be used in low-Btu fuel
(syngas) applications, such as Integrated
Gasification Combined Cycle (IGCC) with or
without carbon capture and bitumen
upgrader projects where syngas fuel is
available.

Based on a complete analysis for operation
in syngas applications, minimal changes are
needed to a typical natural gas fueled
SGT6-5000F. The major change is the use of
a dual fuel (syngas and natural gas) syngas
combustion system specifically designed for
IGCC and other syngas applications. Ports for
air-side integration are also available at the
center of the gas turbine, which can support
up to 50% of the air separation units air
needs during operation.

The modified combustion system was
designed to operate on high H, syngas (IGCC
with carbon capture), syngas or natural gas.
At the heart of the syngas combustion
system is a diffusion flame combustor. This
combustion system was derived from the
proven SGT6-5000F DF42 combustion
system and the syngas combustors in two
W501D5 gas turbines at the LGTI IGCC
project, which operated from 1987 to 1995.
The syngas combustion system is designed
to accommodate multi-fuel operation,
diluent injection, fuel transfers and co-firing.
The principal control and mixing components
of the syngas combustion system are located
outside the turbine enclosure.

During the start up process at 30% load, the
gas turbine is transitioned to high H, syngas
or syngas and then ramped to base load.
The high H, syngas or syngas flows through
the syngas saturator and heater in the BOP
piping; itis then blended with N, (as a
diluent) at the blending station and supplied
to the inlet of the syngas strainer. Exiting the
syngas strainer, the high H, syngas or syngas
is routed through similar components as the
natural gas system, including the overspeed
trip, throttle and isolation valves, and into
the syngas manifold.

The standard SGT6-PAC 5000F has been
modified for IGCC and other syngas
applications with the addition of a syngas
fuel mixing skid, local N, storage for purging
the fuel system during start up and shut
down, control system changes and additional
monitoring systems needed due to the H,
and CO content in the fuel.

In addition to the SGT6-PAC 5000F, Siemens
equipment scope of supply also can include
selected gasification island components,
most of the major compression solutions for
today’s IGCC plants, including air separation
units, main air compressors, O,, N, and CO,
compression solutions and 1GCC plant
controls.

The SPPA-T3000 control system normally
supplied with a SGT6-PAC 5000F can be
expanded to control the entire IGCC plant,
including the gasification island(s), gas
clean-up systems and the air separation
unit(s).

.

For more information, please contact
your local Siemens representative.

Integrated
gasification
combined
cycle plant
application
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GE Energy Is a leading supplier of
aeroderivative gas turbines and
packaged generator sets for
industrial and marine applications.

We provide power-generating

equipment to utilities, industries

and marine fleets throughout the
world and are the world's largest,
most experienced gas turbine

service provider.




A Single Solution for Your Needs

Defining a new era of fiexible power generation, GE’s revolutionary
LMS100 provides a single, economical sclution for the dispatch
needs of neorly every market condition. With unparalleled efficiency,
1C-minute start times, unmatched hot day performance, load fol-
lowing and cycling copabilities, and relicbility derived from proven
architecture and technology. the LMS100 is the ideal solution for
power generation planners and developers.

A combination of frame and aeroderivative gas turbine technologies,
this powerful machine represents the most extensive coliaboration
of design and manufacturing expertise in the history of GE—
felivering over 100 MW with thermal efficiency in excess of £4%

Yffering superior value unavailable in other 80-160 MW gas EfﬁCiean
turbines through high part-power efficiency, cycling capability + Fast starts
without maintenance impact, dispatch refiability, turndown
capability, and low emissions. the LMS100 gives dispatchers + Hot dOg perfOFmO nce
confidence they can meet customer and business needs at any i LOOd fO“OWiﬂg Ond
time, day or night. ; (SLIE
cycling capabilities
+  Reliability

+  No maintenance penalties
= | MS100® Flexible Power

o 'ﬂ' ‘I‘\- '
a
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Our Foundation for Flexibility

LMS100 iSO Performance Data

The LMS100 provides unsurpassed simple-cycle efficiency and
increased power output thanks to an innovative intercooling system.

The intercooling system takes compressed air
from the low-pressure compressor, cools it to
optimel temperatures and then redelivers it to
the high-pressure compressor. In providing a
near constant stream of low temperature oir
to the high pressure compressor, the work of
coempression is reduced. The result is a higher
pressure ratio {42:1} and increased mass flow
{460 Ib/sec}

In simple-cycle applications, the LMS100 can
achieve thermal efficiency in excess of 44%
That's neorly a 10 point improvement over
every turbine in its size range. The impressive
level of efficiency—when combined with the
ability to cycle without maintenance interval
impact—may transiate into $4-7 MM in Net
Present Value Savings over 15 years.*

Model ISQ Base | HeatRate Efficiency% Mass Flow Turbine Exhaust Comments
Rating tkW} | (Btu/kwh} {ib/sec} | Speed (RPM} | Temp (F)
LMS100P8 97,718 7,592 45.0% 453 3,600 783 DLE. 25 ppm NOy
LMS100PB 97.873 7,579 45.0% 453 3,000 784 DLE, 25 ppm NOy
LMS100PA 103,112 7773 43.9% 469 3,600 770 water injected to 25 ppm NOy
LMS100PA 103,162 7769 43.9% 469 3.000 767 water injected to 25 ppm NOy

Conditions: Performance at the generator terminals: NOy = 25 ppm or 50 mg/Nm3: 59F or 15C, 60%6 Refative Humidily, No Losses; Fue! Spec. Gas ILHV= 19,000 BTU/h)

* 5¢/mmBtu gos
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Features of Flexibility

of power with:

10-minute fast starts with
cycling capability

The flexibility of aircraft engine technology—with 1G-minute starts
from cold iron to full power—and the ability to start and stop in short
15 minute cycles {several times per day, if needed) without impacting
maintenance intervals.

Incredible hot day performance

The flexibility ta sustain power levels on hot days when demand is
greatest. The LMS100 will increase in power as the temperature
rises—up to 75°F {(~24°C}—and then fall off in power at a much siower
rate than conventicnal gas turbines. When the temperature again
increases demand on the grid, the LMS100 will be at the top of the
list to dispatch

Improved load following and
part load efficiency

The flexibility to provide 50 MW of power in less than one minute. When
operating at 50% power, the LMS100 can ramp to full power in less
than 60 seconds, providing fast response to load demand variations

The flexibility to provide power at part load cs efficiently as most gas
turbines at full load—enabling efficient operation anywhere between
50 and 100 MW, as demand requires. At 50% load, the LMS100 can
deliver power at 40% simple-cycle efficiency.

The flexibility to provide grid support without load reduction. Even with
up to 5% grid frequency variation, the LMS100 can operate with very
little power loss—making it uniguely capable of supporting the grid in
times of high demand and load fluctuations.

Power (kW)

LHV Efficiency, %

As the only company with the necessary technology base and product experience to bring
this innovative product to the power generation industry, GE has incorporated extensive
customer feedback into the LMS100 development program—ensuring it has the flexibility
to meet current and future needs. The resulting breakthrough system delivers 100 Mw

!
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Efficient Performance

Better efficiency also means less fuel burned per megawatt generated and less CO, emissions.
The efficiency advantage of the LMS100 offers potential savings in terms of CO, taxes through

reduced greenhouse gas emissions of as much as $0.6 MM each year when compared to a typical
simple-cycle gas turbine plant.

Based on an average peaking season of 2,184 hours, the LMS100 reduces CO» emissians
by mare than 30,000 tons when compared to ¢ typical simple-cycle 100 MW gas turbine
plant. This CO, reduction is equal to the amount of carbon dioxide absorbed by
approximately 7,400 acres of forest.

ecomagination
a GE commitment

Ecomagination is GE's commitment to aggressively
bring to market new technologies that will help
customers meet pressing environmental challenges.
Ecomagination technologies offer improved efficiency,
lower emissions and/or improved operating
performance compared to other similar power
generation technologies in the same power class.
The LMS100, as one of the newest products in the
ecomagination portfolio offers our customers 100
MW at 46% thermal efficiency with a wide range of
operating flexibility for peaking, mid-range and
base-load operation with lower start up emissions
and 10-minute starts.

4 LMS100° FLEXIBLE POWER




Proven, Reliable Technology

Sound heritage

The LMS100 core engine is derived from the CF6 family of aircraft engines, the same baseline
architecture as the LM6000% The current LMB0OC fleet includes 588 operating engines with
over 10.5 million accumulated fired hours of operotion. Reliability for the LM6000 fleet is
currently 99.14% and availability is currently 97.76%. The low-pressure compressor (LPC)
is derived from GE's MS6001FA gas turbine which has 65 units in operaticn with more
than 1,000,000 hours of operation.

3 N . > & . ®
“Based on ORAPD reipbility dota, using current sample wenich incivaes 151 operonng units 7ar® st 1ghts reserved: SPSY

Customer-designed controls

The LMS100 control system employs the Mark Vie and fiber optics for signal tronsmission
between the package ond control system. This system reduces the number of signal
interconnects by 90% and the number of mechanical interconnects by 25%—wnich yields
a simpler and more reliable design with a faster, more efficient installotion and startup.

Designed for reliability

In aadition, the integrated control system includes redundant sensors with smart selection
logic to reduce single sensor failure trips. The fiberoptic distributed I/0 (input/output) system
is lccated outside the module to prevent electromagnetic or radio frequency interference
and minimize false trips. Reliability of the LMS100 is further enhanced by redundant fans,
fuel pumps, resistance temperature detectors (RTDs} and remote monitoring and diagnostics.

Comprehensive full scale validation tests

Consistent with GE's proctice for design validation, extensive design assurance and validation
tests were established and executed for both the engine and balance of plant equipment

The core engine, a gas generator consisting of the LMS100 high-pressure compressor, single
onnular combustor ond high-pressure turbine, completed testing in December 2004 at
the high altitude test cell in GE's aircroft engine facility in Ohio. More than 1500 pieces of
instrumentation were used to measure key design parameters. The testing confirmed
aeromechanics, mechanical design and varioble geometry optimizotion for performance,
paving the way for full scale power plant validation testing.

Extensive, full scale testing of an LMS100 simple-cycle power plant was conducted at GE's
packaging facility in Houston, Texas. More than 2,500 pieces of instrumentation were used
to validate performance, emissions, intercooler operation and sub-system copability at the
most extreme operating conditions expected in commercial service.

The LMS100 full locd power plant test, completed in November 2005, confirmed performance,
operability, emissions, mechanical and electrical operations all successfully met or
exceeded the requirements. Testing demonstrated 10-minute starts, fast load following,
transient capability and efficiency—all hallmark characteristics of the LMS100.

L]
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Designed for Availability and Main

Maintainability features

® Modular construction permits replacement of the aero components without total disassembly
® Multiple borescope ports allow on-condition monitoring without turbine disassembly

@ Condition-based maintenance and remote diagnostics

® Split casing construction of the booster (LPC) and aeraderivative compressor allows detgiled on-site
inspection and blade replacement

® Package accessory systems are externally mounted for ease of on-site replacement

® Package mounted maintenance cranes in auxiliary module

Modular “supercore”
enhances power plant availability

GE has established a target avaitability of 97 5% and 98 5% target reliability for a mature LMS100 power plant. The “supercere” consists
of the HPC, Combustor, HPT and IPT rotable modules, which can be exchanged in less than four days during on-site maintenance to

optimize plant availability.

HIGH INTERMEDIATE
HIGH PRESSURE PRESSURE PRESSURE
COMPRESSOR TURBINE TURBINE TURBINE
FRONT FRAME {HPC) COMBUSTOR (HPT) {IPT) MID FRAME

24 HOUR BREAKER-TO-BREAKER
CHANGEOUT OF THE SUPERCORE

6 LMS100° FLEXIBLE POWER



tainability

LMS100 service intervals

Interval Scheduled Maintenance Action Outage Duration
4,000 hours {every 4K h} | Borescope inspection {includes cool-down time) 12 hours
25,000 hours Hot section interval* 4 days
1) On-site hot section replacement (combustor, HPT, IPT)
50,000 hours Depot maintenance! 4 days'd

1) Mgjor hot section overhaul (combustor, HPT, IPT)
2) Inspect booster, intercooler, scroll frames, HPC, aft shaft and bearings!®
3) Power turbine overhaul

75,000 hours Hot section interval®! 4 days
1) On-site hot section replacement {combustor, HPT, IPT)

100,000 hours Depot maintenancet®! 4 days@
1} Mgjor hot section overhaul {combustor, HPT, {PT)

2) Inspect booster, intercooler, scroll frames, HPC, aft shaft and bearings!
3) Power turbine overhaul

(@) Rotable module instalied during maintenance period.

{b) Lease/spare "supercore” and Power Turbine modules are installed during maintenance period. For depot maintenance, outage duration is
60 days if no spare/lease modulels) are used.

(c) Roller and ball bearings are replaced at 50,000 hours; hydrodynamic bearings are inspected.

Maintenance services

All warranty and follow-on services for the LMS100 will be provided by GE Energy either on site or ot one of several service center
locations around the world. These services can include Contractual Service Agreements (CSAs), lease engines, spare parts, rotable modules.
training resources and Liser conferences

GE Energy's Contractual Services Agreements provide the field service, labor, parts and repairs necessary for equipment maintenance
while protecting your investment and minimizing your costs. CSA programs can be structured to include unplanned maintenance events
with guarantee incentives on reliability ond availability.

GE's lease engine program provides a spare "supercore” thot can be installed in 24 hours when service center maintenonce is required.
The power turbine module can also be replaced within an additional 24 hours.

LMS100: FLEXIBLE POWER 7



Flexible Growth Platform

The LMS100 is a flexible growth platform designed to meet your changing energy
needs, While actual plant layout depends on specific customer needs and site
requirements, there are four basic LMS100 configurations available when combined
with intercooler selection and combustion technology.

* LMS100 Single Annutar Combustor with Water - Water or steam canbe [ MS100 System Conﬁgurgtions
injected into the combustor to pravide emission reduction and achieve

[ A i | t n O Froduct Fuel Combgstor Diigent Power NOx Level
25 ppm NOy levels while operating on natural gas fuels between 50% Olforings ol
and 100% power.
LMS100 SAC Gas, Ligud o1 § Single Annula | Wotes None 25 ppm
S0/60Hz Duol Fuet ISACH

¢ [MS100 DLE - An advanced dry low emission (DLE) combustor will be
. . . LM5100 DLE, Go: DLE2 Mong MNone % g
available for sites that have a restriction on water uscge. Using the DLE S0/60Hz ’ ™ ’ o
combustor, customers will be cble to achieve 25 ppm for both NOy and

CO emissions while operating on natural gas fuels. e boscLs o1 Soaousanons e st o8 Uik inkt B ke, . bty opphece

* Intercooler Options - Water s the primary cooling agent in the shell and tube heat exchanger available with the LMS100. In areas with
an abundant water supply. @ standard evaporative cooling tower con be integrated. An optional closed-loap wet intercooler can be provided
with a secondary dry, fin-fon cooter if water usage is restricted.

Applications

* Feed Water Applications—Increased efficiency, improved flexibility and better economics are among the potential benefits of integrating
the LMS100 gas turbine for feed water heating in o ceal fired steam plant. The improved efficiency and increased cutput are achieved
through minor maodifications of the steam cycle to reduce or eliminate steam extractions in lieu of the gas turbine exhaust and
intercooler to heot the feed water.

= Wind Farm Integration - The operating characteristics of the LMS100 make it an ideal solution for firming variable wind power. Alternative
power sources require high maneuverability, high efficiency {even at portial load), fast starting, low initial capital costs (consistent with
moderate to low capacity factors) and good environmental characteristics. The LMS100 simple-cycle gas turbine has all of these
characteristics, making a high performance hybrid wind-GT system now economically possible.

Y )

— -

L

B LMS100° FLEXIBLE POWER






GE Energy

1333 West Loop South
Houston, Texas 77027
713.803.0900
www.ge-energy.com/Ims100

For more information on the LMS100

gas turbine system, contact your GE Energy
representative or email us at
energy.aeromarketing@ge.com.

imagination at work

©2006 General Electnic Compony. All Rights Reserved

GEA-14355 A (09/06)



PSE FREDONIA ATTACHMENT A-13
FGS EXPANSION PROJECT

CIRCUIT BREAKERS - SF6 (FOR GHG EMISSION CALCULATIONS)

SF6 Circuit Breakers for 230 kV substation (based on data from current units which will be replaced during this expansion project)

Make: Mitsubishi (per PSE; exact units unknown at this time)
Number of Units: 10 (8 for new units, and 2 to replace existing ones (Mitsubishi 3000’s), per PSE)
SF6 per Model Unit: 117 Ib/unit Mitsubishi 200-SFMT-40E
201 Ib/unit Mitsubishi 200-SFMT-63F
Total SF6: 1170 Ib Minimum
2010 b Maximum
Leakage Rate: 05 % Annual leakage (per PSE; conservative estimate)
SF6 Leakage: 5.85 Ib/yr  Minimum
10.05 Ib/yr  Maximum
SF6 GWP: 23,900
CO2e: 139,815 Ib/yr  Minimum
69.91 tpy
240,195 Ib/yr  Maximum
120.10 tpy

Notes:

GWP (Global Warming Potential) from 40CFR98, Subpart A, Table A-1.

Al13-1 June 2011
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From: Dana, Fusato [mailto:Fusato.Dana@mpshqg.com]

Sent: Monday, April 04, 2011 4:11 PM

To: Reinhart, Brian C.

Cc: Adams, Nathan; Leslie, Patrick; Gettinger, James E.; Henderson, Joey; William_Steiner@URSCorp.com; 165510 PSE; Drake, Rand; Kuroda,
Yasuyuki; Ikeda, Takeshi

Subject: RE: 14.4100 110404 PSE - SCR Correspondence Email in Support of Response #2 to Department of Ecology's Incompleteness
Determination MPSA - BCR

Brian,
MPSA can supply emissions control equipment that will meet the stack emissions limits listed below.

Thank you,
Fusato

e 3 3 3 3 3 3 K 3K 3K oK 3K ok o ok 3 K K ok oK ok ok ok K K 3k oK ok ok ok ok ok

Fusato Dana

Manager, Commercial

Mitsubishi Power Systems Americas, Inc.
100 Bayview Circle, Suite 6000

Newport Beach, CA 92660

Tel: (949) 856-8416 / Fax: (949) 856-4481
Cel: (949) 275-8368

e 3k 3K 3K 3K 3K o o ok ok ok ok 3K 3K ok ok ok o ok ok oK oK ok ok ok ok ok K K K

From: Reinhart, Brian C. [mailto:ReinhartBC@bv.com]

Sent: Monday, April 04, 2011 11:52 AM

To: Dana, Fusato

Cc: Adams, Nathan; Leslie, Patrick; Gettinger, James E.; Henderson, Joey; William_Steiner@URSCorp.com; 165510 PSE

Subject: 14.4100 110404 PSE - SCR Correspondence Email in Support of Response #2 to Department of Ecology's Incompleteness Determination
MPSA - BCR

Fusato,



The Washington Department of Ecology has requested Puget Sound Energy provide adequate information to establish a basis for stack exhaust
parameters as presented in Puget Sound Energy's PSD Permit Application. Black & Veatch initially developed the exhaust emissions estimates
and stack parameters in support of the application for the General Electric 7FA.04, 7FA.05, and LMS100PA gas turbines and the Siemens SGT6-
5000F4 gas turbine. Black & Veatch developed these estimates based on past experience, research into similar projects, and informal
discussions with equipment suppliers such as yourself. Please confirm that, for an expected commercial operations date in 2014, your company
would be willing to supply a system with the criteria listed in the table below for the gas turbine models referenced above.

‘ Puget Sound Energy: Fredonia Peaking Expansion Proposed Permit Limits
Steady-State Operating Conditions

7FA.04 7FAQ5 SGTB-5000F4 LMS100
NG ULSD NG ULSD NG ULSD NG ULSD
ontrolled Stack Temperature, °F, Note 1 800 800 800 800 800 800 800 800
ax CTG NOyEmissions, ppmvd @ 15% O, 9 42 9 42 28 42 25 42
tack NOy Emissions, ppmvd @ 15% O2 25 50 25 5.01 25 5.0 25 50
ax CTG CO Emissions, ppmvd @ 15% O, 75 144 80 16.1 10.0 0.0 1028 77.0
95%
tack CO Emissions, ppmvd @ 15% O, 40| Note2 40] Note2 4.0 Note 2] reduction] Note2
ax CTG VOC Emissions, ppmvd @ 15% O, 1.3 28 14 3.1 1.0 3.0 26 8.0
Etack VOC Emissions, ppmvd @ 15% O, 1.3 28 14 3.1 1.0 3.0 26 56
llowable NHg Slip, ppmyd @ 15% O, 10 10 10 10 10 10] 10 10

otes:

1) Stack temperature controlled using a tempering air blower, not needed for all LMS100 conditions
2} CO reduction percentage when operating on ULSD equal to CO reduction percentage for NG.

CTG - combustion turbine/generator, NG - Natural Gas, ULSD - Ultra Low Sulfur Diesel, NO, - Nitrogen Oxides,
CO - Carbon Monoxide, VOC - Volatile Organic Compounds, NH3 - Ammonia, ° F - Degrees F ahrenheit,
pprovd @ 15% O2- parts-per-million v olumetric dry basis and corrected to 15 volumetric percent oxygen content

Please call or email with questions.

Regards,

Brian Reinhart, P.E.* | Mechanical Engineer, B&V Energy

Black & Veatch | 11401, Overland Park, KS 66211

+1913-458-7679 p | +1913-458-2934 f | +1 913-475-8331 m | reinhartbc@BV.com
*Licensed in Nebraska



Building a World of Difference.®

Please consider the environment before printing my email
Please note that the information and attachments in this email are intended for the exclusive use of the addressee and may contain confidential or privileged information. If you are not the
intended recipient, please do not forward, copy or print the message or its attachments. Notify me at the above address, and delete this message and any attachments. Thank you.

This is a confidential communication. The information contained in this e-mail message is intended only for the use of the individual
or entity to which it is addressed. Information contained herein may be protected from further dissemination or disclosure under
applicable laws. If the reader of this transmission is not the intended recipient or the employee or agent responsible for delivering the
transmission to the intended recipient, you are hereby notified that any dissemination, distribution, copying or use of this transmission
or its contents is strictly prohibited. If you have received this transmission in error, please notify the e-mail sender. Thank you. --






Mark Daniel <mdaniel@braden.com>

05/03/2011 08:22 AM To "Reinhart, Brian C." <ReinhartBC@bv.com>

cc "Adams, Nathan" <nathan.adams@pse.com>, “Leslie, Patrick"

<Patrick.Leslie @pse.com>, "Gettinger, James E."
<GettingerJE@bv.com>, “William_Steiner@ URSCorp.com”
<William_Steiner@URSCorp.com>, 165510 PSE
<165510PSE @bv.com>, "Henderson, Joey"
<Joey.Henderson @ pse.com>, "Bruning, Armin Paul®
<paul.bruning@pse.com>

Subject RE: 14.4100 110404 PSE - SCR Correspondence Email in Support of
Response #2 to Department of Ecology's Incompleteness Determination
Braden - BCR

Brian,
I'm sorry this slipped through the cracks.
Braden Manufacturing is willing to supply an exhaust system to meet the criteria listed in the table below for any of the gas turbines listed.

Piease let us know what else we can do.

Regards,

Mark Daniel, P.E.
SCR Sales Manager

BRADEN MANUFACTURING, LLC
(918) 274-2215 phone

(918) 261-1135 cell

THIS MESSAGE AND ANY ATTACHMENTS MAY CONTAIN INFORMATION THAT IS HIGHLY CONFIDENTIAL, ATTORNEY CLIENT PRIVILEGED AND EXEMPT FROM
DISCLOSURE. ANY RECIPIENT OTHER THAN THE INTENDED RECIPIENT IS ADVISED THAT ANY DISSEMINATION, DISTRIBUTION, COPYING OR OTHER USE OF THE
MATERIAL IN THIS MESSAGE IS STRICTLY PROHIBITED. IF YOU HAVE RECEIVED THIS MESSAGE IN ERROR, PLEASE NOTIFY THE SENDER IMMEDIATELY.

From: Reinhart, Brian C. [mailto:ReinhartBC@bv.com]
Sent: Monday, April 04, 2011 1:56 PM



To: Mark Daniel
Cc: Adams, Nathan; Leslie, Patrick; Gettinger, James E.; William_Steiner@URSCorp.com; 165510 PSE; Henderson, Joey; Bruning, Armin Paul

Subject: FW: 14.4100 110404 PSE - SCR Correspondence Email in Support of Response #2 to Department of Ecology's Incompleteness
Determination Braden - BCR

Mark,

The Washington Department of Ecology has requested Puget Sound Energy provide adequate information to establish a basis for stack exhaust
parameters as presented in Puget Sound Energy's PSD Permit Application. Black & Veatch initially developed the exhaust emissions estimates
and stack parameters in support of the application for the General Electric 7FA.04, 7FA.05, and LMS100PA gas turbines and the Siemens SGT6-
5000F4 gas turbine. Black & Veatch developed these estimates based on past experience, research into similar projects, and informal
discussions with equipment suppliers such as yourself. Please confirm that, for an expected commercial operations date in 2014, your company
would be willing to supply a system with the criteria listed in the table below for the gas turbine models referenced above.

L Puget Sound Energy: Fredonia Peaking Expansion Proposed Permit Limits
- L . Steady-State Operating Conditions_

_’ 7FAD4 7FAD5 _SGTB.5000F4 | LMSI00
NG ULSD NG ULSD NG ULSD NG ULSD
ontrolled Stack Temperature, °F . Note 1 800 800 800 800 800 800 800 800
ax CTG NOxEmissions, ppmvd @ 15% O, 9 42 9 42 28 42 25 42
tack NO, Emissions, pprmvd @ 15% O, 25 50 25 5.0] 25 50 25 50
ax CTG CO Emissions, ppmvd @ 15% O, 75 14.4 80 16.1 10.0 0.0 1028 770
95%]
tack CO Emissions, ppmvd @ 15% O, 40! Note2? 40] Note2 40 Note 2] reduction] Note2
ax CT G VOC Emissions, ppmvd @ 15% O, 1.3 28 14 3.1 1.0 3.0 26 8.0
tack VOC Emissions, ppmvd @ 15% O; 1.3 28 14 3.1 1.0 3.0} 26 56
llowable NH; Slip, ppmvd @ 15% O, 10 10 10 10 10 10

otes:
1) Stack temperature cortrolled using a tempering air blower, not needed for all LMS100 conditions
2) CO reduction percentage when operating on ULSD equal to CO reduction percentage for NG.

CTG - combustion turbine/generator, NG - Natural Gas, ULSD - Ultra Low Sulfur Diesel, NO, - Nitrogen Oxides,
CO - Carbon Monoxide, VOC - Volatile Organic Compounds, NH3 - Ammonia, ° F - Degrees Fahrenheit,
ppmvd @ 15% Oz - parts-per-millionv olumetric dry basis and corrected to 15 volumetric percent oxygen content




Please call or email with questions.

Regards,

Brian Reinhart, P.E.* | Mechanical Engineer, B&V Energy

Black & Veatch | 11401, Overland Park, KS 66211

+1913-458-7679 p | +1 913-458-2934 f | +1 913-475-8331 m | reinhartbc@BV.com
*Licensed in Nebraska

Building a World of Difference.®

Please consider the environment before printing my email
Please note that the information and attachments in this email are intended for the exclusive use of the addressee and may contain confidential or privileged information. If you are not the
intended recipient, please do not forward, copy or print the message or its attachments. Notify me at the above address, and delete this message and any attachments. Thank you.
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Puget Sound Energy
Fredonia Simple Cycle

Emissions Estimating Process Description

Black & Veatch Corporation
July 16, 2010

B&V Project No. 165510.0031

BLACK & VEATCH

_ Building a waorld of difference’



Emissions Estimating Process

Puget Sound Energy Descriptions
Black & Veatch Project

165510.0031 Fredonia Simple Cycle Date 16JUL10
1 Objective

This document describes the process of estimating combustion turbine emissions
including post combustion controls. The description is written specific to a simple
cycle with Carbon Monoxide (CO) and Selective Catalytic Reduction (SCR)
emission control systems. The description includes unit pollutants typically
included in a simple cycle combustion turbine air permit within the United States.

2 Background

Beginning in September 2009 Black & Veatch has supported Puget Sound
Energy (PSE) in their technology selection process and later in their pursuit of an
Air Permit for the Fredonia simple cycle project. PSE has requested a description
of the emission estimating/calculation process in anticipation of inquiries from the
air permitting entities of the state of Washington and the Environmental
Protection Agency (EPA).

3 High Level Overview

The following is a high level description of the sequence of steps followed during
the emissions estimating process.

1) Determine which combustion turbine manufacturers and models fitting the
project goals and site size restrictions.

2) Determine fuel type, fuel composition, load targets/minimum load targets,
and site ambient conditions for average, cold and hot day cases.

3) Determine which pollutants will be limited in the air permit based on the
site location.

4) Procure thermal performance and emissions performance from the
combustion turbine manufacturers for each candidate combustion turbine
model for the fuel, load and ambient conditions.

5) Determine Best Available Control Technology (BACT) limits by auditing
various sources including EPA websites — In the case of this effort with
PSE these values were established by URS.

6) Determine catalyst effectiveness to achieve BACT limits.

7) Evaluate the feasibility of required catalyst effectiveness by coordination
with catalyst vendors to determine if controlled values are
“guaranteeable”’.

8) Calculate controlled emissions values based on achievable catalyst
effectiveness.

4 Specific Pollutant Process Description

To bring the exhaust temperatures down to a level suitable for the SCR’s,
tempering air has been added to the exhaust stream before the catalyst banks.
This tempering air contribution is accounted for in the calculations, but is not a
contributor to emissions.
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4.1 Oxides of Nitrogen - NOx

The guaranteeable NOx emissions performance values from the Original
Equipment Manufacturer (OEM) are typically provided on a parts per million
volumetric dry (ppmvd) basis at 15% O2 and a mass flow rate basis of
pounds/hour (Ib/hr).

Determine catalyst effectiveness to achieve BACT limits provided by the
permitting consultant. Evaluate the feasibility of the SCR catalyst effectiveness
by coordination with catalyst vendors to determine if controlled values are
“guaranteeable”.

Determine the stack NOx after the SCR on a ppmvd@15% O2 concentration at
the subject catalyst effectiveness.

Determine the stack NOx after the SCR on a parts per million volumetric wet
(ppmvw) basis. This is calculated from the mol/h of NOx on a wet basis after
control by the SCR.

Determine the stack NOx after the SCR on a Ib/h basis as NO2. This is
calculated from the mass flow of NOx as NO2 from the combustion turbine less
the removal rate of the SCR.

Determine the stack NOx after the SCR on a Ib/MBtu basis as NO2. This is
calculated from the ratio of pounds of NOx as NO2 after the SCR to the fuel heat
input supplied to the combustion turbine.

4.2 Carbon Monoxide - CO

The guaranteeable CO emissions performance values from the OEM are
typically provided on a parts ppmvd basis (at 15% O2 or other O2 concentration)
and a mass flow rate basis of Ib/hr.

Determine catalyst effectiveness to achieve BACT limits provided by the
permitting consultant. Evaluate the feasibility of the catalyst effectiveness by
coordination with catalyst vendors to determine if controlled values are
“guaranteeable”.

Determine the stack CO after the CO catalyst on a ppmvd@15% O2
concentration at the subject CO catalyst effectiveness.

Determine the stack CO after the CO catalyst on a parts per million volumetric
wet (ppmvw) basis. This is calculated from the mol/h of CO on a wet basis after
control by the CO catalyst.

Determine the stack CO after the CO catalyst on a Ib/h basis. This is calculated
from the mass flow of CO from the combustion turbine less the removal rate of
the CO catalyst.

Determine the stack CO after the CO catalyst on a Ib/MBtu basis. This is
calculated from the ratio of pounds of CO after the CO catalyst to the fuel heat
input supplied to the combustion turbine.
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4.3 Volatile Organic Compounds - VOC

The estimated VOC emissions performance values from the OEM are typically
provided on a ppmvd basis (at 156% O2 or other O2 concentration) or parts per
million volumetric wet (ppmvw) basis and a mass flow rate basis of Ib/hr.

VOC are not a target design parameter of the SCR/CO catalyst system design,
but the CO catalyst has a reducing effect on VOC's. For machines with very low
VOC'’s (1-3 ppmvd) it is conservatively estimated that no reduction occurs in the
CO catalyst. For machines with higher VOC'’s approaching double digits it is
estimated that a 30% reduction occurs in the CO catalyst. This is based on CO
catalyst vendor information.

Determine the stack VOC's after the CO catalyst on a ppmvd@15% O2
concentration at the subject CO catalyst effectiveness.

Determine the stack VOC'’s after the CO catalyst on a parts per million volumetric
wet (ppmvw) basis. This is calculated from the mol/h of VOC's on a wet basis
after reduction in the CO catalyst.

Determine the stack VOC's after the CO catalyst on a Ib/h basis. This is
calculated from the mass flow of VOC’s from the combustion turbine less the
removal rate of the CO catalyst.

Determine the stack VOC'’s after the CO catalyst on a Ib/MBtu basis. This is
calculated from the ratio of pounds of VOC's to the fuel heat input supplied to the
combustion turbine.

Since VOC’s are a combination of a variety of compounds of unknown molecular
weight the industry standard of applying a molecular weight of methane - CH4 is
used.

4.4 Particulate Matter 10 Microns - PM10

4.4.1 PM10 Filterable (Front Half)

The estimated filterable PM10 emissions performance values from the OEM are
provided solely on a mass flow rate basis of Ib/h.

There is currently no technology option that reduces PM10 emissions.
Consequently, all the PM10 exhausted from the combustion turbine is passed out
the stack. Additionally, there are contributions to the PM10 emissions that occur
in the process due to sulfur content in the fuel. It is conservatively assumed that
the SO2 to SO3 conversion rate in the CO catalyst is 60% in simple cycle
operation.

Determine the stack PM10 including the contribution of SO2 to SO3 conversion
in the CO catalyst and SCR and the contribution of ammonium sulfates in the
SCR on a Ib/h basis. This is calculated from the mass flow of PM10 from the
combustion turbine plus the mass contribution of the oxidized sulfur from SO2 to
SO3 conversion plus the mass contribution of NH4SO4 formed.

Determine the stack PM10 including the SO2 to SO3 conversion in the CO
catalyst and the NH4S04 formed on Ib/MBtu basis. This is calculated from the
ratio of pounds of PM10 to the fuel heat input supplied to the combustion turbine.
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4.4.2 PM10 Condensable (Back Half)

Combustion turbine OEM'’s may provide front half or front and back half PM10
emissions. In the event that only front half PM10 values are provided, the
industry standard assumption that the back half mass flow rate is equal to the
front half mass flow rate from the combustion turbine is applied. Likewise, in the
event only total front and back half PM10 emissions are provided, the industry
standard assumption that the total PM10 emissions from the combustion turbine
is made up of one half back half mass flow rate and one half front half mass flow
rate is applied. Note that this 1 to 1 ratio of front half and back half PM10 only
applies to the PM10 from the combustion turbine and does not apply to the PM10
contribution from SO2 to SO3 conversion and ammonium sulfates occurring in
the emissions reduction equipment, which are included only in front half values
after the combustion turbine.

Front and back half catch emissions are presented which are made up of the
sum of the front half catch (combustion turbine and post combustion contribution)
and back half catch (combustion turbine).



ATTACHMENTA -9 Startup and Shutdown Emissions for Turhines




PSE FREDONIA
FGS EXPANSION PROJECT

TURBINE STARTUP AND SHUTDOWN EMISSION DATA

| I

I

_ SGT6-5000F4 | LMS100
e O T P Y e — ey 2 g S R
Naturai Gas _Distillate Oli | Natural Gas _Distillate Oil | Natural Gas _ Distillate Ol
START
Time (min) 30 30 30 30 35 38 30 30
Fuel Consumption (Ib) 25531 34168 25943 33845 29931 31233 16001 18425
Emissions (Ib)
NOx (as NO2) 31.5 145.7 43.1 168.1
co 209.6 332 106.4 140.1
VvocC 5.9 8.6 6.5 5
PM10 9.2 17 58 174
co2 69,717 109,132 70,823 108,102
§02 10.40 g 1.10
2 IESLE G LS N 1 e e i
SHUTDOWN
Time (min) 19 17 14 14 17 19 8 8
Fuel Consumption (Ib) |11257 13825 10504 13810 15120 19261 1684 1739
Emisslons (Ib)
NOx (as NO2) 16 79 31 107 45.0 90.0 3.40 5.70
co 189 196.0 90 95 443.0 709.0 1.80 1.70
vOC 4.3 6 4.8 2 50.0 76.0 0.03 0.06
PM10 5.8 9.6 4.4 8.4 2.4 10.0 1.00 4.70
Cco2 30,885 44,157 28,819 44,110 41,460 61,518 4,621 5,655
S02 4.60 0.40 4.20 0.40 54 0.7 0.68 0.05
Notes:

7FA.05 - Natural Gas data from B&V 11/5/10; distillate data from B&V 2/15/11

7FA.04 Natural Gas and distillate data from B&V 11/5/10.

SGT6 Natural Gas and distillate data from B&V 11/5/10.

LMS100 Natural Gas and distillate data for Shutdowns from B&V 11/10/10; Natural Gas and distillate data for Startups from B&V 3/14/11.
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PSE FREDONIA ATTACHMENT A-10
FGS EXPANSION PROJECT

LOAD CHECKS - MODELED W/ NO START/SHUTDOWNS (Normal Receptors)

REVISION - 4/21/11 NEW LOCATION AND RAISED STACK HEIGHT; 2/4/11 EMISSION DATA

GE 7FAS5 - 7F
Emis (Ib/hr) [Based on 1 unit/1 src] Max Impact (ug/m3) (All Years)
Ave Time Op UnitID |t (ft) T(F) v (fps) d (ft) NOx co PM S02 Notes: UNIT*100q NOx co PM S02 MODEL
1-hr NG-100 7F5-G100 145 800 132 23 20.70 19.80 47.70 8.22|NG; 3.48 gr/dscf; 7 deg F; 100% load. 42.36 0.88 0.84 2.02 0.35]--
1-hr NG-75 7F5-G75 145 800 107 23 16.30 15.80 41.60 6.55[NG; 3.48 gr/dscf; 7 deg F; 75% load. 51.94 0.85 0.82 2.16 0.34]--
1-hr NG-50 7F5-G50 145 800 93 23 12.70 12.40 36.50 5.13|NG; 3.48 gr/dscf; 7 deg F; 50% load. 61.53 0.78 0.76 2.25 0.32(--
1-hr D-100 7F5-D100 145 800 124 23 44.10 42.30 38.50 1.26(Distillate; 7 deg F; 100% load. 45.65 2.01 1.93 1.76 0.06(--
1-hr D-75 7F5-D75 145 800 105 23 35.20 34.20 37.70 1.00(Distillate; 7 deg F; 75% load. 52.56 1.85 1.80 1.98 0.05]--
1-hr D-50 7F5-D50 145 799 87 23 26.70 27.20 36.80 0.79|Distillate; 7 deg F; 50% load. 69.54 1.86 1.89 _ 0.05124-hr PM
GE 7FAS - 51F
Emis (Ib/hr) [Based on 1 unit/1 src] Max Impact (ug/m3) (All Years)
Ave Time Op UnitID  |ht (ft) T(F) v(fps)  d(ft) NOx co PM S02 Notes: UNIT*100d NOx co PM S02 MODEL
1-hr NG-100 7F5-G100 145 800 131 23 19.40 18.60 45.80 7.72|NG; 3.48 gr/dscf; 51 deg F; 100% load. 42.53 0.83 0.79 1.95 0.33(--
1-hr NG-75 7F5-G75 145 800 109 23 15.50 15.00 40.50 6.24|NG; 3.48 gr/dscf; 51 deg F; 75% load. 51.33 0.80 0.77 2.08 0.32(--
1-hr NG-50 7F5-G50 145 799 96 23 12.30 12.00 35.90 4.97(NG; 3.48 gr/dscf; 51 deg F; 50% load. 57.82 0.71 0.69 2.08 0.29]--
1-hr D-100 7F5-D100 145 800 131 23 44.10 42.30 38.50 1.26(Distillate; 51 deg F; 100% load. 42.53 1.88 1.80 1.64 0.05]--
1-hr D-75 7F5-D75 145 800 110 23 35.00 34.00 37.70 0.99(Distillate; 51 deg F; 75% load. 51.03 1.79 1.73 1.92 0.05(--
1-hr D-50 7F5-D50 145 799 92 23 26.90 26.30 36.80 0.79|Distillate; 51 deg F; 50% load. 62.85 1.69 1.65 2.31 0.05(--
GE 7FAS - 88F
Emis (Ib/hr) [Based on 1 unit/1 src] Max Impact (ug/m3) (All Years)
Ave Time Op Unit ID ht (ft) T(F) v (fps) d (ft) NOx CcO PM S02 Notes: UNIT*100Q NOx co PM S02 MODEL
1-hr NG-100 7F5-G100 145 800 129 23 17.90 17.20 43.80 7.14|NG; 3.48 gr/dscf; 88 deg F; 100% load. 43.41 0.78 0.75 1.90 0.31]--
1-hr NG-75 7F5-G75 145 799 110 23 14.60 14.20 39.20 5.88|NG; 3.48 gr/dscf; 88 deg F; 75% load. 51.05 0.75 0.72 2.00 0.30]--
1-hr NG-50 7F5-G50 145 800 98 23 11.90 11.60 35.40 4.81(NG; 3.48 gr/dscf; 88 deg F; 50% load. 55.38 0.66 0.64 1.96 0.27]--
1-hr D-100 7F5-D100 145 800 132 23 42.40 40.70 38.40 1.21|Distillate; 88 deg F; 100% load. 42.36 1.80 1.72 1.63 0.05(--
1-hr D-75 7F5-D75 145 800 112 23 33.90 32.90 37.50 0.96|Distillate; 88 deg F; 75% load. 50.43 1.71 1.66 1.89 0.05(--
1-hr D-50 7F5-D50 145 799 94 23 26.00 25.50 36.70 0.77|Distillate; 88 deg F; 50% load. 60.31 1.57 1.54 2.21 0.05]--

REVISION - 4/21/11 NEW LOCATION AND RAISED STACK HEIGHT

Emis (Ib/hr) [Based on 1 unit/1 src] Max Impact (ug/m3) (All Years)

Ave Time Op Unit ID ht (ft) T(F) v (fps) d (ft) NOx co PM S02 Notes: UNIT*100gNOx co PM S02 MODEL
1-hr NG-100 7F4-G100 145 800 135 21 17.40 16.20 46.40 7.01|NG; 3.48 gr/dscf; 7 deg F; 100% load. 50.27 0.87 0.81 2.33 0.35(--

1-hr NG-75 7F4-G75 145 799 114 21 14.10 13.20 41.20 5.73|NG; 3.48 gr/dscf; 7 deg F; 75% load. 55.85 0.79 0.74 2.30 0.32]--

1-hr NG-50 7F4-G50 145 799 102 21 11.90 11.40 37.60 4.82(NG; 3.48 gr/dscf; 7 deg F; 50% load. 63.46 0.76 0.72 _ 0.31124-hr PM
1-hr D-100 7F4-D100 145 800 135 21 39.20 34.80 38.40 1.12|Distillate; 7 deg F; 100% load. 50.27 1.97 1.75 1.93 0.06(--

1-hr D-75 7F4-D75 145 799 114 21 31.40 28.80 37.60 0.90|Distillate; 7 deg F; 75% load. 55.85 1.75 1.61 2.10 0.05(--

1-hr D-50 7F4-D50 145 799 102 21 26.40 24.70 36.90 0.78|Distillate; 7 deg F; 50% load. 63.46 1.68 1.57 2.34 0.05]--

Emis (Ib/hr) [Based on 1 unit/1 src] Max Impact (ug/m3) (All Years)
Ave Time Op Unit ID ht (ft) T(F) v (fps) d (ft) NOx CO PM SO2 Notes: UNIT*1000NOx (0] PM SO2 MODEL
1-hr NG-100 7F4-G100 145 800 138 21 16.80 15.60 45.40 6.75|NG; 3.48 gr/dscf; 51 deg F; 100% load. 49.55 0.83 0.77 2.25 0.33]--
1-hr NG-75 7F4-G75 145 800 116 21 13.60 12.70 40.20 5.47|NG; 3.48 gr/dscf; 51 deg F; 75% load. 55.26 0.75 0.70 2.22 0.30(--
1-hr NG-50 7F4-G50 145 799 103 21 11.30 10.80 36.50 4.56|NG; 3.48 gr/dscf; 51 deg F; 50% load. 62.33 0.70 0.67 2.28 0.28(--
1-hr D-100 7F4-D100 145 800 141 21 39.00 35.20 38.40 1.12(Distillate; 51 deg F; 100% load. 48.59 1.90 1.71 1.87 0.05]--
1-hr D-75 7F4-D75 145 799 117 21 30.90 28.70 37.50 0.88|Distillate; 51 deg F; 75% load. 55.00 1.70 1.58 2.06 0.05]--
1-hr D-50 7F4-D50 145 799 104 21 25.50 23.80 36.90 0.75(Distillate; 51 deg F; 50% load. 61.22 1.56 1.46 2.26 0.05(--

Emis (Ib/hr) [Based on 1 unit/1 src] Max Impact (ug/m3) (All Years)
Ave Time Op Unit ID ht (ft) T(F) v (fps) d (ft) NOx co PM S02 Notes: UNIT*100gNOx co PM S02 MODEL
1-hr NG-100 7F4-G100 145 800 133 21 15.10 14.30 42.70 6.07|NG; 3.48 gr/dscf; 88 deg F; 100% load. 50.77 0.77 0.73 2.17 0.31(--
1-hr NG-75 7F4-G75 145 799 115 21 12.40 11.80 38.40 5.02|NG; 3.48 gr/dscf; 88 deg F; 75% load. 55.56 0.69 0.66 2.13 0.28]--
1-hr NG-50 7F4-G50 145 800 105 21 11.00 10.70 36.00 4.42(NG; 3.48 gr/dscf; 88 deg F; 50% load. 60.07 0.66 0.64 2.16 0.27]--
1-hr D-100 7F4-D100 145 800 138 21 36.20 32.20 38.10 1.03(Distillate; 88 deg F; 100% load. 49.55 1.79 1.60 1.89 0.05]--
1-hr D-75 7F4-D75 145 799 117 21 29.00 26.70 37.20 0.86|Distillate; 88 deg F; 75% load. 55.00 1.59 1.47 2.05 0.05(--
1-hr D-50 7F4-D50 145 799 108 21 25.40 23.70 36.80 0.74|Distillate; 88 deg F; 50% load. 57.61 1.46 1.37 2.12 0.04(--
REVISION - 4/21/11 NEW LOCATION AND RAISED STACK HEIGHT
Siemens SGT6-5000F4 - 7F
Emis (Ib/hr) [Based on 1 unit/1 src] Max Impact (ug/m3) (All Years)
Ave Time Op UnitID  |ht (ft) T(F) v(fps)  d(ft) NOx co PM s02 Notes: UNIT*100d NOx co PM s02 MODEL
1-hr NG-100 SM-G100 145 800 130 23 21.10 8.40 40.00 7.39|NG; 3.48 gr/dscf; 7 deg F; 100% load. 42.97 0.91 0.36 1.72 0.32(--
1-hr NG-75 SM-G75 145 799 108 23 17.10 6.80 33.20 6.02|NG; 3.48 gr/dscf; 7 deg F; 75% load. 51.65 0.88 0.35 1.71 0.31(--
1-hr NG-50 SM-G50 145 800 96 23 14.60 14.40 29.50 5.13|NG; 3.48 gr/dscf; 7 deg F; 60% load. 57.78 0.84 0.83 1.70 0.30]--
1-hr D-100 SM-D100 145 800 126 23 43.10 20.80 34.60 1.09(Distillate; 7 deg F; 100% load. 44,75 1.93 0.93 1.55 0.05]--
1-hr D-75 SM-D75 145 799 103 23| 3380 4960  33.60 0.85 | Distillate; 7 deg F; 75% load. 53.21 1.0 |2 1.79 0.05|1-hr, 8-hr CO
1-hr D-50 SM-D50 145 799 99 23 32.10 46.80 33.40 0.81|Distillate; 7 deg F; 70% load. 5451 1.75 2.55 1.82 0.04(--
Siemens SGT6-5000F4 - 51F
Emis (Ib/hr) [Based on 1 unit/1 src] Max Impact (ug/m3) (All Years)
Ave Time Op Unit ID ht (ft) T(F) v (fps) d (ft) NOx CcO PM S02 Notes: UNIT*100Q NOx Cco PM S02 MODEL
1-hr NG-100 SM-G100 145 800 129 23 19.70 7.60 37.00 6.91|NG; 3.48 gr/dscf; 51 deg F; 100% load. 43.41 0.86 0.33 l.61 0.30]--
1-hr NG-75 SM-G75 145 800 106 23 15.70 6.00 31.10 5.51|NG; 3.48 gr/dscf; 51 deg F; 75% load. 52.25 0.82 0.31 1.62 0.29]--
1-hr NG-50 SM-G50 145 799 94 23 13.40 13.20 27.70 4.71|NG; 3.48 gr/dscf; 51 deg F; 60% load. 60.31 0.81 0.80 1.67 0.28|--
1-hr D-100 SM-D100 145 800 121 23 38.80 18.80 34.10 0.98|Distillate; 51 deg F; 100% load. 47.01 1.82 0.88 1.60 0.05(--
1-hr D-75 SM-D75 145 800 101 23 31.00 45.20 33.30 0.78|Distillate; 51 deg F; 75% load. 53.83 1.67 2.43 1.79 0.04]--
1-hr D-50 SM-D50 145 800 97 23 29.40 42.80 33.10 0.74|Distillate; 51 deg F; 70% load. 56.57 1.66 2.42 1.87 0.04]--
Siemens SGT6-5000F4 - 88F
Emis (Ib/hr) [Based on 1 unit/1 src] Max Impact (ug/m3) (All Years)
Ave Time Op UnitID  |ht (ft) T(F) v(fps)  d(f) NOx co PM s02 Notes: UNIT*100d NOx co PM s02 MODEL
1-hr NG-100 SM-G100 145 800 124 23 17.70 6.80 34.10 6.22|NG; 3.48 gr/dscf; 88 deg F; 100% load. 45.65 0.81 0.31 1.56 0.28|--
1-hr NG-75 SM-G75 145 799 104 23 14.30 5.60 29.00 5.02|NG; 3.48 gr/dscf; 88 deg F; 75% load. 52.89 0.76 0.30 1.53 0.27]--
1-hr NG-50 SM-G50 145 799 92 23 12.20 12.00 26.00 4.30|NG; 3.48 gr/dscf; 88 deg F; 60% load. 62.85 0.77 0.75 1.63 0.27]--
1-hr D-100 SM-D100 145 800 116 23 34.80 16.80 33.70 0.88|Distillate; 88 deg F; 100% load. 49.27 1.71 0.83 1.66 0.04]--
1-hr D-75 SM-D75 145 799 98 23 28.10 41.20 33.00 0.71|Distillate; 88 deg F; 75% load. 55.42 1.56 2.28 1.83 0.04(--
1-hr D-50 SM-D50 145 799 95 23] 2670 3880  32.80 0.67 | Distillate; 88 deg F; 70% load. 59.06 1.58 220 [SE 0.04]24-hr PM
REVISIONS - 4/5/11 EMISSIONS, LOWER STACK HEIGHT
LMS100 - 7F
Emis (Ib/hr) [Based on 2 units/2 srcs] Max Impact (ug/m3) (All Years)
Ave Time Op UnitID  |ht (ft) T(F) v(fps)  d(f) NOx co PM s02 Notes: UNIT*100d NOx co PM s02 MODEL
1-hr NG-100 LM-G100 110 737 134 12 7.90 7.20 17.50 3.18|NG; 3.48 gr/dscf; 7 deg F; 100% load. 291.38 2.30 2.10 5.10 0.927]--
1-hr NG-75 LM-G75 110 764 115 12 6.40 4.80 15.30 2.57|NG; 3.48 gr/dscf; 7 deg F; 75% load. 314.56 2.01 1.51 4.81 0.81(--
1-hr NG-50 LM-G50 110 800 96 12 4.90 3.70 13.00 1.96(NG; 3.48 gr/dscf; 7 deg F; 50% load. 354.59 1.74 1.31 4.61 0.69(--
1-hr NG-30 LM-G30 110 799 79 12 3.50 3.40 11.10 1.42|NG; 3.48 gr/dscf; 7 deg F; 30% load. 432.89 1.52 1.47 4.81 0.61]--
1-hr D-100 LM-D100 110 755 134 12 16.50 4.80 26.70 0.49|Distillate; 7 deg F; 100% load. 289.46 4.78 1.39 7.73 0.14]24-hr PM - 90% of time
1-hr D-75 LM-D75 110 782 115 12 13.30 4.60 26.40 0.39(Distillate; 7 deg F; 75% load. 312.89 4.16 1.44 8.26 0.12]24-hr PM - 10% of time
1-hr D-50 LM-D50 110 800 97 12 10.10 4.30 26.00 0.30|Distillate; 7 deg F; 50% load. 351.77 3.55 151 9.15 0.11[(No op. time at 50% load on Distillate)
LMS100 - 51F
Emis (Ib/hr) [Based on 2 units/2 srcs] Max Impact (ug/m3) (All Years)
Ave Time Op Unit ID ht (ft) T(F) v (fps) d (ft) NOx CcO PM S02 Notes: UNIT*100Q NOx Cco PM S02 MODEL
1-hr NG-100 LM-G100 110 769 136 12 8.10 6.20 17.80 3.26|NG; 3.48 gr/dscf; 51 deg F; 100% load. 285.35 2.31 1.77 5.08 0.930]--
1-hr NG-75 LM-G75 110 787 117 12 6.50 4.50 15.40 2.62|NG; 3.48 gr/dscf; 51 deg F; 75% load. 309.59 2.01 1.39 4.77 0.81]--
1-hr NG-50 LM-G50 110 800 98 12 5.00 3.80 13.20 1.99|NG; 3.48 gr/dscf; 51 deg F; 50% load. 348.97 1.74 1.33 4.61 0.69(--
1-hr NG-30 LM-G30 110 799 80 12 3.60 3.90 11.20 1.44(NG; 3.48 gr/dscf; 51 deg F; 30% load. 426.86 1.54 1.66 4.78 0.61(--
1-hr D-100 LM-D100 110 786 136 12 16.90 5.00 26.70 0.50|Distillate; 51 deg F; 100% load. 283.62 4.79 1.42 7.57 0.14124-hr PM - 90% of time
1-hr D-75 LM-D75 110 799 117 12 13.50 4.70 26.40 0.40|Distillate; 51 deg F; 75% load. 308.50 4.16 1.45 8.14 0.12]24-hr PM - 10% of time
1-hr D-50 LM-D50 110 800 99 12 10.30 4.50 26.10 0.30|Distillate; 51 deg F; 50% load. 346.17 3.57 1.56 9.04 0.10[(No op. time at 50% load on Distillate)
LMS100 - 88F
Emis (Ib/hr) [Based on 2 units/2 srcs] Max Impact (ug/m3) (All Years)
Ave Time Op UnitID  |ht (ft) T(F) v(fps)  d(ft) NOx co PM s02 Notes: UNIT*100d NOx co PM s02 MODEL
1-hr NG-100 LM-G100 110 799 132 12 7.90 5.70 17.40 3.16|NG; 3.48 gr/dscf; 88 deg F; 100% load. 287.71 2.27 1.64 5.01 0.91(--
1-hr NG-75 LM-G75 110 800 114 12 6.30 4.30 15.10 2.53|NG; 3.48 gr/dscf; 88 deg F; 75% load. 312.70 1.97 1.34 4.72 0.79(--
1-hr NG-50 LM-G50 110 800 97 12 4.80 4.00 12.90 1.92|NG; 3.48 gr/dscf; 88 deg F; 50% load. 351.77 1.69 141 4.54 0.68]--
1-hr NG-30 LM-G30 110 799 80 12 3.50 4.40 11.00 1.40|NG; 3.48 gr/dscf; 88 deg F; 30% load. 426.86 1.49 1.88 4.70 0.60]--
1-hr D-100 LM-D100 110 800 129 12 15.70 5.00 26.60 0.46|Distillate; 88 deg F; 100% load. 291.69 4.58 1.46 0.13(24-hr PM - 90% of time
1-hr D-75 LM-D75 110 800 113 12 12.70 4.80 26.30 0.37|Distillate; 88 deg F; 75% load. 314.14 3.99 1.51 0.12(24-hr PM - 10% of time
1-hr D-50 LM-D50 110 799 96 12 9.60 4.50 26.00 0.28|Distillate; 88 deg F; 50% load. 354.67 3.40 1.60 9.22 0.10|(No op. time at 50% load on Distillate)

Maximum fuel/load for each temperature condition.
_ Maximum, as above, over all temperatures; this scenario used for refined analysis.
Real maximum, but not used due to operations during averaging period.

A10-1 Rev. 2 - September 2011



ATTACHMENTA-11 Refined Modeling Emission Details




PSE FREDONIA
FGS EXPANSION PROJECT

REFINED MODELING FOR TURBINES (Emergency generator model input shown on separate sheet)

ATTACHMENT A-11

GE 7FA.05
Emis (Ib/hr) [Based on 1 unit/1 src]
Ave Time Op Unit ID ht (ft) T (F) v (fps) d (ft) NOXx NOx-1 CO-1 CO-8 PM PM-24 SO2 SO2-1 SO2-3 S02-24 Notes:
Ann NG-all 7F5-A 145 800 120 23 9.755 Annual NG and Distillate - all loads based on predicted use (op scenarios); NG at 2.25 gr/100dscf; ave temp (51F).
24-hr D-50 7F5-24 145 799 87 23 36.80 Distillate; 50% load; 7 deg F; no SU/SD.
1-hr D-100 7F5-1N 145 800 124 23 234.26 537.27 FOR 1-HR NOX AND CO FOR TOXICS (ASIL COMP) - Distillate; 100% load; 7 deg F; 1 SU/SD.
1-hr NG-100 7F5-1S 145 800 132 23 16.51 FOR 1-HR SO2 FOR TOXICS (ASIL COMP) - NG; 100% load; 7 deg F; 1 SU/SD.

Emis (Ib/hr) [Based on 1 unit/1 src]

Ave Time Op Unit ID ht (ft) T (F) v (fps) d (ft) NOx NOx-1 CO-1 CO-8 PM PM-24 SO2 S02-1 S02-3 SO2-24  Notes:
Ann NG-all 7F4-A 145 800 127 21 9.850 Annual NG and Distillate - all loads based on predicted use (op scenarios); NG at 2.25 gr/100dscf; ave temp (51F).
24-hr NG-50 7F4-24 145 799 102 21 37.60 NG at 3.48 gr/100 dscf; 50% load; 7 deg F; no SU/SD.
1-hr D-100 7F4-1 145 800 135 21 233.19 535.64 FOR 1-HR NOX AND CO FOR TOXICS (ASIL COMP) - Distillate; 100% load; 7 deg F; 1 SU/SD.
1-hr NG-100 7F4-1S 145 800 135 21 16.17 FOR 1-HR SO2 FOR TOXICS (ASIL COMP) - NG; 100% load; 7 deg F; 1 SU/SD.
Siemens SGT6-5000F4
Emis (Ib/hr) [Based on 1 unit/1 src]

Ave Time Op UnitID  |ht (ft) T(F) v(fps)  d(ft) NOx NOx-1  CO-1 co-8 PM PM-24  SO2 SO2-1  SO2-3  S02-24  Notes:
Ann NG-all SG-A 145 800 118 23 7.392 Annual NG and Distillate - all loads based on predicted use (op scenarios); NG at 2.25 gr/100dscf; ave temp (51F).
1-hr, 8-hr D-75 SG-1 145 799 103 23 2173.48 1202.65 Distillate; 75% load; 7 deg F; 1 Distillate SU/SD over 1 hr, and additional 4 NG SU/SD over 8 hr period.
24-hr D-50 SG-24 145 799 95 23 32.80 Distillate; 70% load; 88 deg F; no SU/SD.
1-hr D-100 SG-1N 145 800 126 23 238.36 FOR 1-HR NOX FOR TOXICS (ASIL COMP) - Distillate; 100% load; 7 deg F; 1 SU/SD.
1-hr D-100 SG-1S 145 800 130 23 17.39 FOR 1-HR SO2 FOR TOXICS (ASIL COMP) - NG; 100% load; 7 deg F; 1 SU/SD.
LMS100

Emis (lb/hr) [Based on 2 units/2 srcs]
Ave Time Op UnitID  |ht (ft) T(F) v(fps)  d(ft) NOx NOx-1  CO-1 Co-8 PM PM-24  SO2 SO2-1  SO2-3  SO02-24  Notes:
Ann NG-all LMS-A 110 776.95 126.89 12 5.122 Annual NG and Distillate - all loads based on predicted use (op scenarios); NG at 2.25 gr/100dscf; ave temp (51F).
24-hr D-100 LMS-24/10 110 800.00 129.00 12 18.52 Distillate 80% (combined for 2 units) use factor over 24 hr period; 90% use at 100% load; 88 deg F.
24-hr D-75 LMS-24/75 110 800.00 113.00 12 2.83 Distillate 80% (combined for 2 units) use factor over 24 hr period; 10% use down to 75% load; 88 deg F; 1 Distillate SU/SD.
1-hr D-100 LMS-1N 110 786.00 136.00 12 71.80 FOR 1-HR NOX FOR TOXICS (ASIL COMP) - Distillate; 100% load; 51 deg F; 1 SU/SD.
1-hr NG-100 LMS-1C 110 737.00 134.00 12 53.44 FOR 1-HR CO FOR TOXICS (ASIL COMP) - NG; 100% load; 7 deg F; 1 SU/SD.
1-hr NG-100 LMS-1S 110 769.00 136.00 12 8.34 FOR 1-HR SO2 FOR TOXICS (ASIL COMP) - NG; 100% load; 51 deg F; 1 SU/SD.
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PSE FREDONIA ATTACHMENT A-11
FGS EXPANSION PROJECT

> Emis (Ib/hr) (Total]
NOx Nx-1 N0x24 PM PM-24 S02 SO-1 _ __ 502-24

51.30 27.07 16.51 13.74 NOx SU/SD; No SU/SD for PM (normal ops are worse); SO2 SU/SD.

Emis (Ib/hr) [Total)
NOx-1 NOx-24 PM

5023 S02:24

7874 3018, 13.12 8.92 NOx SU/SD; No SU/SD for PM (normal ops are worse); SO2 SU/SD.

'SM SGT6 | Emis {Ib/hr) [Total]

NOx NOx-1 _ NOx-24 PM 502 502-1

3

S02- 502-24

9.47 NOx SU/SD; No SU/SD for PM (normal ops are worse]; SO2 SU/SD.

Emis (Ib/hr) [Total]

NOx-24 PM 502 S02-1 3

S02-

NOx-1 S02-24

81.74 1.67 13.29 8.63 NOx SU/SD; No SU/SD for PM (normai ops are worse); SO2 SU/SD.

AQRV - Model Stack info for Worst-Case NG

Emis (ib/hr) [Total]
Ave Time Op Unit 1D ht {ft) T(F) v (fps) d (ft) NOx NOx-1 NOx-24 PM PM-24 S02 SO2-1 S02-3 S02-24
Ann NG-all 7FAS 145 800 120 23 A N T i, T ~ 7FAS:Annual, ail NG - all loads based on predicted use (op scenarios); Ave temp (S1F).
Short-term NG-100/7  7FA5-ST 145 800 132 23| : 45,915 F— 17.385 14.054 9,946 7FAS: NG; 100% load; 7 deg F. 1-hr: 1 SU/SD; 3-hr: 2 SU/SD; 24-hr: 5 SU/SD (each unit, where SU/SD higher emissions than normal op).

Emis (Ib/hr) [Total)
1 NOx-24 PM PM-Z : SO2 SZ

AR 15191
i 8.236/

Emis {ib/hr) [Totai)
NOx-1 NOx-24 PM

5023 _ 50224

NOx SU/SD; PM SU only; No SU/SD for SO2 (normal ops are worse). Limit of 1 SU/SD on Distiliate per 24 hr period.

2023

502-24
Dist ST
NG
Dist

1.12 1.120 NOx SU/SD; PM SU only; No SU/SD for SO2 (normal ops are worse). Limit of 1 SU/SD on Distillate per 24 hr period.

SM SGT6

502-3 S02-24

Dist |  1.866 [
NG
Dist

1.09 1.090 NOx SU/SD; No SU/SD for PM or SO2 (normal ops are worse). Limit of 1 SU/SD on Distillate per 24 hr period.

Emis (Ib/hr) [Total]
NOx-24 PM

NOx-1

$02-3 $02-24

Dist

NG L Lo -

Dist 143.59 1.00 1.00 0.750 NOx and PM SU/SD; No SU/SD for SO2 (normal ops are worse). Limit of 1 SU/SD on Distiliate per 24 hr period.
AQRV - Model Stack Info for Worst-Case Distillate (w/ NG fill in forannualy

Emis (ib/hr) [Totai)

Ave Time Op Unit ID ht (ft) T(F) v {fps) d (ft) NOx N PM
Ann Dist-14 7FA5-A/D 145 800 132 RO et 2109 [ | 7FAS: Annual Distiliate - 14 Days (336 hrs max); Worst-Case Ops (100% load, 88F)
Ann NG-remain 7FAS 145 800 120 : . s = | 7FAS: Annual NG - remainder NG (total op time - 336 hrs); all loads based on predicted use (op scenarios); Ave temp (51F).
Short-term Dist-100/88 7FA5-ST 145 800 132 238.355  52.023. . SR 1.260 7FAS: Distillate; 100% load; 88 deg F. 1-hr: 1 SU/SD; 3-hr: 1 SU/SD; 24-hr: 1 SU/SD (each unit, where SU/SD higher emissions than normal op).
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PSE FREDONIA ATTACHMENT A-11
FGS EXPANSION PROJECT

Emis (Ib/hr} [Total]
NOx-1 NOx-24 PM v S02 502-1 502-3 S02-24 __

Dist I E 0.23] NOx SU/SD; PM SU only; NG SU/SD for SO2.
NG 15.00 10.00 3.13

Emis {Ib/hr} [Total]
NOx NOx-1 NOx-24 PM S02-1 S02-3 S02-24
Dist W - = AR~ o
«
Dist ! 233.19 4249 0.30 0.92 1.06 NOx SU/SD; PM SU only; NG SU/SD for SO2.
NG 0.00 12.35] . 14.30 9.53 298

Emis (Ib/hr) [Total]
Nx-1 Nx-2 PM PM- 502-1 S0O2-3

238.36
NG | 0.00

0.92 NOx SU/SD; No SU/SD for PM; NG SU/SD for SO2.

Emis (Ib/hr) (Total]
Nx1 Nx-24 PM S02-1 S02-3 502-4

Dist 143.59  34.81 ) ' ' 0.76 0.92 NOx and PM SU/SD; NG SU/SD for SO2.

NG 0.00 12,63 1 ] 14.28 4.76 2.98
AQRYV - Model Stack info for Worst-Case Distiiiate/NG Mix S L i i 5

Emis (Ib/hr) [Total]

Ave Time Op Unit 1D [ht (ft) T(F} v {fps) d (ft) NOx SO02-1 502-3 S02-24
Ann Dist-14 7FAS-A/D 145 800 132 v . b e i T =Ll - | 7FAS: Annual Distillate - 14 Days (336 hrs max); Worst-Case Ops (100% load, 88F)
Ann NG-remain 7FAS 14S 800 120 7FAS: Annual NG - remainder NG (total op time - 336 hrs); ali loads based on predicted use (op scenarios]; Ave temp (51F).
Short-term Dist-100/88 7FAS-ST 145 800 132 238.355 46.021 . 0.367 1.106 1.212 7FAS: Distillate; 100% load; 88 deg F. 1-hr: 1 SU/SD; 3-hr: 1 SU/SD; 24-hr: 1 SU/SD (each unit, where SU/SD higher emissions than normal op).
Short-term NG-100/7  7FAS5-ST 145 800 132 0.000 22.900 X 16.400 10.933 3.417 7FAS: NG; 100% load; 7 deg F. 1-hr: 1 SU/SD; 3-hr: 2 SU/SD; 24-hr: 5 SU/SD (each unit, where SU/SD higher emissions than normal op).

Emis (Ib/hr) [Total]
NOx1 _NOx24__PM PM-24  SO2  SO2-1 _ SO23  S02-24
TEEEE e 2L 502 okl

1651 13.74]

Emis (Ib/hr} [Total]

NOx-24 PM 502-24

NOx-1 502-1

2023

78.74 30.18 16.17 8.92

13.12

Emis (ib/hr} [Total]
NOx-24 PM

502-3

502-24

NOX-

51.24

238.36

Emis (Ib/hr) [Total]
NOx-24 PM

NOx-1

502

502-3 502-24

S0LLS

38.37|

143.59 16.67

13.29 8.63

AQRV - Modei Stack Info for Worst-Case Distillate and/or NG (by turbine option) S A i
Emis (ib/hr) (Total]
AveTime Op unittD  |ht(ft)  T(R vifps)  d(ft) NOx NOx-1  NOx-24 PM PM-24  SO2 S02-1  SO2-3  $02-24  Notes:
Ann NG-all 7FAS 145 800 120 23 e | 1781 |7as:Annual, all NG - ali loads based on predicted use (op scenarios); Ave temp (S1F).
Short-term Dist-100/88 7FAS-ST 145 800 132 23|l $2.023 i ' 17.385 14.054 9.946|7FAS: NG; 100% load; 7 deg F. 1-hr: 1 SU/SD; 3-hr: 2 SU/SD; 24-hr: 3 SU/SD (each unit, where SU/SD higher emissions than normal op).
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ATTACHMENTA-12 Emergency Generator Emissions and Stack Parameters




PSE FREDONIA ATTACHMENT A-12
FGS EXPANSION PROJECT

EMERGENCY DIESEL GENERATOR

Caterpillar C18

Rating: 600 kw (Caterpillar Tier 2 Specification Sheet, May 6, 2009)
Exhaust Temperature: 994 F (Black & Veatch, 8/5/10)
Exhaust Flow Rate: 146 fps (Black & Veatch, 8/5/10)
Stack Diameter: 10 inches  (Black & Veatch, 8/5/10)
Fuel Use (100% load): 42.7 Gallhr (Caterpillar Tier 2 Specification Sheet, May 6, 2009)
Stack Height: 50 ft (PSE)

Fuel Sulfur Content:  0.0015 %
Operation: 275 hrslyr (includes 52 hrs of testing/maintenance
plus emergency use, up to 275 hrs/yr total)

MODELING RATES (Ib/hr):

Emission Factor Emission Rate Short Term  Long Term

Pollutant g/hp-hr  Ib/hp-hr Ib/hr Ib/yr (1-hr to 24-hr) (Annual)
NOX 4.32 7.65 2105 7.653 0.2403
Co 0.6 1.06 292.3 1.063 0.03337
VvOC 0.01 0.02 4.87

PM 0.06 0.11 29.2 0.1063 0.00334
COo2 1.16 933 256568

S0O2 1.2E-05 0.01 2.68 0.00976 0.00031

Notes:

NOx, CO, VOC (HC), and PM emission factors from California Air Resources Board (CARB) Tier 2 Certified Diesel Generator sheet
(Executive Order U-R-001-0380-1, New Off-Road Compression-Ignition Engines (August 30, 2010); CO2 and SO2 emission factors
from AP-42, Table 3.4.1.

Note: this CO2e calculation is for information only; emissions are negligible and are not included in
total CO2e emissions (shown in Attachment A-1)

CO2e Pollutants Ib/hp-hr Ib/hr Ib/yr GWP CO2e (tpy)
CH4 6.35E-05 0.05 14 21 0.1474
N20 - - - 310 -

CH4 emission factor from AP-42, Table 3.4.1; following note for distillate emission factor, methane is 9% of TOC.

There are no N20 emission factors provided in AP-42 for diesel engines. The N20 emission factor for distillate use in turbines shows
non-detect (ND) values. Therefore, N20O emissions are expected to be negligible for diesel engines.

GWP (Global Warming Potential) from 40CFR98, Subpart A, Table A-1.
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DIESEL GENERATOR SET

CATERPILLAR

Image shown may not
reflect actual package.

STANDBY

600 ekW 750 kVA
60 Hz 1800 rom 480 Volts

Caterpillar is leading the power generation
marketplace with Power Solutions engineered
to deliver unmatched flexibility, expandability,
reliability, and cost-effectiveness.

FEATURES
FUEL/EMISSIONS STRATEGY CAT ® C18 ATAAC DIESEL ENGINE
» EPA Tier 2 « Utilizes ACERT™ Technology

* Reliable, rugged, durable design
DESIGN CRITERIA

» The generator set accepts 100% rated load in one
step per NFPA 110 and meets ISO 8528-5 transient
response.

UL 2200

» UL 2200 listed packages available. Certain
restrictions may apply. Consult with your
Caterpillar Dealer.

FULL RANGE OF ATTACHMENTS

» Wide range of bolt-on system expansion
attachments, factory designed and tested

* Flexible packaging options for easy and cost
effective installation

SINGLE-SOURCE SUPPLIER
* Fully prototype tested with certified torsional
vibration analysis available

WORLDWIDE PRODUCT SUPPORT

« Caterpillar® dealers provide extensive post sale
support including maintenance and repair
agreements

« Caterpillar dealers have over 1,600 dealer branch
stores operating in 200 countries

* The Cat® S+0-S*™ program cost effectively detects
internal engine component condition, even the
presence of unwanted fluids and combustion
by-products

* Field-proven in thousands of applications
worldwide

* Four-stroke-cycle diesel engine combines
consistent performance and excellent fuel
economy with minimum weight

* Electronic controlled governor

CAT GENERATOR

» Matched to the performance and output
characteristics of Caterpillar engines

* Load adjustment module provides engine relief
upon load impact and improves load acceptance
and recovery time

» UL 1446 Recognized Class H insulation

CAT EMCP 3 SERIES CONTROL PANELS

« Simple user friendly interface and navigation

« Scalable system to meet a wide range of
customer needs

» Integrated Control System and Communications
Gateway



STANDBY 600 ekW 750 kVA

60 Hz 1800 rpm 480 Volts

FACTORY INSTALLED

CATERPILLAR

STANDARD & OPTIONAL EQUIPMENT

Standard
Air Inlet * Light Duty Air Cleaner * Single element canister type air cleaner
* Service indicator * Dual element air cleaner
* Heavy-duty air cleaner with precleaner
* Air inlet shutoff
Cooling *» Radiator with guard sized for 50° C * Radiator duct flange
* Coolant level sight window * Low Coolant Level Sensor
« Coolant drain line with valve * Radiator removal
* Fan and belt guards
» Caterpillar® Extended Life Coolant
Exhaust » Stainless steel exhaust flex and ANSI weld flange * Industrial, residential and
* Turbo outlet elbow critical mufflers
» 35 dBA muffler
» Engine mounted muffler
» Mounting and through-wall installation kits
» Manifold and turbocharger guards
Fuel * Primary fuel filter with integral water separtor ¢ Dual Wall Integral Fuel Tanks
* Secondary fuel filters * Dual Wall Sub-base Fuel Tanks
* Fuel cooler * Manual Fuel Fill Pump
* Fuel priming pump * Automatic Fuel Fill Options
¢ Fuel pressure gauge
* Flexible fuel lines
Generator « Class H insulation * Oversize and premium generators
¢ Class H Temperature Rise * Three phase sensing
* R448 Voltage Regulator » Quadrature droop kit
* Power terminal strip connections « Digital voltage Regulator
« |P23 Protection « Space heaters
» Power Center « RF| filter
* 80% & 100% UL Breakers
* |[EC compliant 3 or 4-pole
* Floor standing circuit breakers with auxiliary contacts
& cabling kits
Governor « Electronic ADEM A4 * Load Share Module

Control Panels

* EMCP 3.1 (package mounted)

*EMCP 3.2

* EMCP 3.3

* Local alarm and remote annunciator modules
« Protective devices

Lube * Lubricating oil and filter * Oil temperature sensor
* Oil drain line with vaives * Manual sump pump
* Fumes disposal
« Lube oil level indicator
Mounting  Formed steel narrow base frame » Formed steel wide base frame

* Linear vibration isolators between base and engine
generator

« Oil field skid base

Starting/Charging

* 45 amp charging alternator
* 24 volt starting motor(s)
* Batteries with rack and cables

« Jacket water heater

* Block heater

* Ether starting aid

* Battery disconnect switch
« Battery charger(SA, 10A)
« Oversized batteries

* Battery removal

May 06 2009 13:24 PM



STANDBY 600 ekW 750 kVA

60 Hz 1800 rpm 480 Volts

CATERPILLAR

SPECIFICATIONS

CAT GENERATOR CAT EMCP 3 SERIES CONTROLS
Frame Siz€.......cccoverirvernriveencnrencnenssnssseeseneesennessnnennes LC7024F * EMCP 3.1 (Standard)
EXCIAtION...ccccvercreerrierrcnererrnrecaereneeseneesnnes Internal Excited * EMCP 3.2 / EMCP 3.3 (Option)
|21 (o1 o TSSO RP RSP 0.6667 » Single location customer connector point
Number of POIES......cccvvrecccrrcecrecee e e e seeseeenne * True RMS metering, 3-phase
Number of bearings » Controls
Number of leads......ccccvervrrvererirnienrenrerernnneeinceeersesreeermnne. - Run / Auto / Stop control
Insulation.........ccccoeence. UL 1446 Recognized Class H with - Speed Adjust

tropicalization and antiabrasion .
- Consult your Caterpillar dealer for available voltages

IP rating.....ccooeevernencnnnereen e crcnresnnesseeseneenes Drip Proof IP23
AlIGNMENT.....ii v ecrerrre s serssreesenenens Pilot Shaft
Overspeed capability........ccoccerveinmrcinnsnnennenne 125% of rated
Wave form deviation (Line to Line).....cc.c.ececrivercerivnnnns 2%
Paralleling kit droop transformer..........cccccccceuenn Standard
Voltage regulator.3 Phase sensing with selectible volts/Hz
Voltage Regulator............. Single phase sensing with load
adjustable module
Voltage Regulation........... Less than +/- 1/2% (steady state)
Less than +/- 1/2% (w/ 3% speed change)
Telephone Influence Factor..........ccccccoreeeine Less than 50
Harmonic distortion.......c..ccceccceenvrrvnccnrionnnnes Less than 5%
CAT ENGINE
C18 ATAAC, I-6, 4-stroke watercooled diesel
Bore - mm.....ooovivviviiniiicic e 145.00 mm (5.71 in)
Stroke - MM.....cccericeeninerrecc e 183.00 mm (7.2 in)
Displacement - L.......ccccovmviccenicnicennnes 18.13 L {(1106.36 in®)
Compression Fatio........c.cceevvineninnininnnsr e eeeennennes 14.5:1
ASpIration.......cccevceviceiininiinsenninenes Air-to-Air Aftercooled
FUel SYSteM.....cc.ooviiircceiere e rrrerrreseeresenenne MEUI
Governor type........cc.ueu... Caterpillar ADEM control system

- Voltage Adjust

- Emergency Stop Pushbutton

- Engine cycle crank
* Digital Indication for:

- RPM

- Operating hours

- Oil Pressure

- Coolant temperature

- System DC volts

- L-L volts, L-N volts, phase amps, Hz

- ekW, kVA, kVAR, kW-hr, %kW, PF (EMCP 3.2/ 3.3)
» Shutdowns with common indicating light for:

- Low oil pressure

- High coolant temperature

- Low coolant level

- Overspeed

- Emergency stop

- Failure to start (overcrank)
* Programmable protective relaying functions: (EMCP 3.2

& 3.3)
- Under and over voltage

- Under and over frequency
- Overcurrent (time and inverse time)
- Reverse power (EMCP 3.3)
» MODBUS isolated data link, RS-485 half-duplex (EMCP

3.2 &3.3)
* Options

- Vandal door

- Local annunciator module

- Remote annunciator module
- Input / Output module

- RTD / Thermocouple Modules
- Monitoring software

May 06 2009 13:24 PM



STANDBY 600 ekW 750 kVA

60 Hz 1800 rpm 480 Volts

TECHNICAL DATA

CATERPILLAR

Open Generator Set - - 1800 rpm/60 Hz/480 Volts DM8518
EPA Certified Tier 2
Generator Set Package Performance
Genset Power rating @ 0.8 pf 750 kVA
Genset Power rating with fan 600 ekW
Coolant to aftercooler
Coolant to aftercooler temp max 49°C 120°F
Fuel Consumption
100% load with fan 161.6 L/hr 42.7 Gal/hr
75% load with fan 129.8 L/hr 34.3 Gal/hr.
50% load with fan 91.7 L/hr 24.2 Gal/hr
Cooling System’
Air flow restriction (system) 0.12 kPa 0.48 in. water
Air flow {(max @ rated speed for radiator arrangement) 804 m3/min 28393 cfm
Engine Coolant capacity with radiator/exp. tank 81.8L 21.6 gal
Engine coolant capacity 208 L 5.5gal
Radiator coolant capacity 61.0L 16.1 gal
Inlet Air
Combustion air iniet flow rate 47.4 m3min 1673.9 ¢fm
Exhaust System
Exhaust stack gas temperature 534.6°C 994.3°F
Exhaust gas flow rate 135.4 m¥min 4781.6 cfm
Exhaust flange size (internal diameter) 203 mm 8in
Exhaust system backpressure {maximum allowable) 10.0 kPa 40.2 in. water
Heat Rejection
Heat rejection to coolant (total) 189 kW 10748 Btu/min
Heat rejection to exhaust (total) 610 kW 34691 Btu/min
Heat rejection to aftercooler 145 kW 8246 Btu/min
Heat rejection to atmosphere from engine 119 kW 6768 Btu/min
Heat rejection to atmosphere from generator 41.0 kW 2331.7 Btu/min
Alternator’
Motor starting capability @ 30% voitage dip 1633 skVA
Frame LC7024F
Temperature Rise 150°C 270°F
Emissions (Nominal)’
NOx g/hp-hr 5.84 g/hp-hr
CO g/hp-hr .48 g/hp-hr
HC g/hp-hr .01 g/hp-hr
PM g/hp-hr .035 g/hp-hr

' For ambient and altitude capabilities consult your Caterpillar dealer. Air flow restriction (system) is added to existing restriction from

factory.

2 Generator temperature rise is based on a 40° C (104° F) ambient per NEMA MG1-32.
* Emissions data measurement procedures are consistent with those described in EPA CFR 40 Part 89, Subpart D & E and I1S08178-1 for
measuring HC, CO, PM, NOx. Data shown is based on steady state operating conditions of 77°F, 28.42 in HG and number 2 diesel fuel
with 35° APl and LHV of 18,390 btu/ib. The nominal emissions data shown is subject to instrumentation, measurement, facility and engine
to engine variations. Emissions data is based on 100% load and thus cannot be used to compare to EPA regulations which use values

based on a weighted cycle.
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STANDBY 600 ekW 750 kVA

60 Hz 1800 rpm 480 Volts

CATERPILLAR

RATING DEFINITIONS AND CONDITION

Meets or Exceeds International Specifications: AS1359,
CSA, IEC60034-1, 1ISO3046, 1S08528, NEMA MG 1-22,
NEMA MG 1-33, UL508A, 72/23/EEC, 98/37/EC,

2004/108/EC
Standby - Output available with varying load for the

duration of the interruption of the normal source power.
Average power output is 70% of the standby power
rating. Typical operation is 200 hours per year, with
maximum expected usage of 500 hours per year.
Standby power in accordance with ISO8528. Fuel stop
power in accordance with 1SO3046. Standby ambients
shown indicate ambient temperature at 100% load which
results in a coolant top tank temperature just below the
shutdown temperature.

Ratings are based on SAE J1349 standard conditions.

These ratings also apply at ISO3046 standard conditions.
Fuel rates are based on fuel oil of 35° API [16° C (60° F)]

gravity having an LHV of 42 780 kJ/kg (18,390 Btu/Ib)
when used at 29° C (85° F) and weighing 838.9 g/liter
(7.001 Ibs/U.S. gal.). Additional ratings may be available
for specific customer requirements, contact your
Caterpillar representative for details. For information
regarding Low Sulfur fuel and Biodiesel capability,
please consult your Caterpillar dealer.
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STANDBY 600 ekW 750 kVA CATERPILLAR

60 Hz 1800 rpm 480 Volts

DIMENSIONS

Package Dimensions NOTE: For ref - ;
. 3 : For reference only - do not use for
Length 3933.4 mm |154.86 in installation design. Please contact
Width 1536.0 mm |60.47 in your local dealer for exact weight
. . and dimensions. (General
Height 2165.8 mm |85.27 in Dimension Drawing #2859356).
Weight 3720 kg 8,201 Ib

Performance No.: DM8518
Feature Code: C18DE97
Gen. Arr. Number: 2476127
Source: U.S. Sourced
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AIR RESOURCES BOARD CATERPILLAR INC. New Off-Road

Compression-Ignition Engines

Callfornia Exviromnentol Protection Agency EXECUTIVE ORDER U-R-001-0380-1 1

Pursuant to the authority vested in the Air Resources Board by Sections 43013, 43018, 43101, 43102, 43104 and
43105 of the Health and Safety Code; and

Pursuant to the authority vested in the undersigned by Sections 38515 and 39516 of the Health and Safety Code
and Executive Order G-02-003;

IT IS ORDERED AND RESOLVED: That the following compression-ignition engines and emission control systems
produced by the manufacturer are certified as described below for use in off-road equipment. Production engines
shall be in all material respects the same as those for which certification is granted.

MODEL DISPLACEMENT USEFUL LIFE
TAR ENGINE FAMILY Oiters) FUEL TYPE thours)
2010 ACPXL18.1ESW 18.1 Diesel 8000
SPECIAL FEATURES & EMISSION CONTROL SYSTEMS TYPICAL EQUIPMENT APPLICATION

Direct Diesel Injection, Turbocharger, Charge Air Cooler,

Engine Control Module Generator

The engine models and codes are attached.

The following are the exhaust certification standards (STD), or family emission limit(s) (FEL) as applicable, and
certification levels (CERT) for hydrocarbon (HC), oxides of nitrogen (NOx), or non-methane hydrocarbon plus
oxides of nitrogen (NMHC+NOXx), carbon monoxide (COQ), and particulate matter (PM) in grams per kilowatt-hour
(g/kw-hr), and the opacity-of-smoke certification standards and certification levels in percent (%) during acceleration
(Accel), lugging (Lug), and the peak value from either mode (Peak) for this engine family (Title 13, California Code
of Regulations, (13 CCR) Section 2423):

RATED EMISSION EXHAUST (g/kw-hr) OPACITY (%)

Pes | eirtoony HC | NOx | NMHC+NOx | cO PM | ACCEL | LUG | PEAK

KW > 560 Tier 2 STD | NA | NA 6.4 35 | 020 N/A NA | NA
FEL | NA | NA 6.2 N/A | 0.09 N/A NA | NA
CERT | - - 58 08 | 008 ~ - -

BE iT FURTHER RESOLVED: That the family emission limit(s) (FEL) is an emission level declared by the
manufacturer for use in any averaging, banking and trading program and in lieu of an emission standard for
certification. It serves as the applicable emission standard for determining compliance of any engine within this
engine family under 13 CCR Sections 2423 and 2427.

BE IT FURTHER RESOLVED: That for the listed engine models, the manufacturer has submitted the information and
materials to demonstrate certification compliance with 13 CCR Section 2424 (emission control labels), and 13 CCR
Sections 2425 and 2426 (emission control system warranty).

This Executive Order hereby cancels and replaces Executive Order U-R-001-0380 dated October 23, 2009.

Engines certified under this Executive Order must conform to all applicable California emission regulations.

This Executive Order is only granted to the engine family and model-year listed above. Engines in this
family that are produced for any other model-year are not covered by this Executive Order.

Executed at El Monte, California on this 3 & day of August 2010.

{ ‘%b’w/%——c&"

< Annette Hebert, Chief
7 Wi6bile Source Operations Division
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4.Fuel Rate:

5.Fuel Rate:
3.BHP@RPM  mm/stroke @ peak HP (lbs/hr) @ peak HP 6.Torque @ RPM  mm/stroke@peak

7.Fuel Rate:

U-R- 00! - 6380-]
8/18/20)0

8.Fuel Rate:

9.Emission Control

Enjine Family 1.Engine Code 2.Engine Model _ (SAE Gross) (for diesel only) (for diesels only) {SEA Gross) torgue (Ibs/mr)@peak torqueDevice Per SAE J1930
CPXL18.1ESW Cert Test 2 C18 923@1800 532 3223 NA NA NA EM, DI, TC, gﬂ(;_&m
CPXL18.1ESW 1 Cert Engine C18 923@1800 517 313.1 NA NA NA EM, DI, TC,
CPXL18.1ESW 2 C18 923@1800 510 309 NA NA NA EM, DI, TC,
CPXL18.1ESW 3 C18 923@1800 510 309 NA NA NA EM, DI, TC,
CPXL18.1ESW 4 C18 861@1800 478 289.7 NA NA NA EM, DI, TC,
CPXL18.1ESW 5 C18 861@1800 479 289.7 NA NA EM, DI, TC,
CPXL18.1ESW 6 C18 923@1800 510 309 NA NA NA EM, DI, TC,
CPXL18.1ESW 7 C18 861@1800 479 289.7 NA NA NA EM, D], TC,
CPXL18.1ESW 8 C18 923@1800 510 309 NA NA NA EM, DI, TC,
CPXL18.1ESW 9 C18 861@1800 479 289.7 NA NA NA EM, DI, TC,
CPXL18.1ESW 10 C18 923@1800 510 309 NA NA NA EM, DI, TC, V¥







Telephone Record
December 3, 2010
10:20 am and 3:40 pm

Steve Cushman Bill Steiner
Chief Engineer URS Corp
Peterson Caterpillar

San Leandro, CA

(510) 618-5504.

Subject: Fredonia Expansion Project — Caterpillar Model C18 emissions and status
of California BACT/TBACT

Notes:

California BACT vs. TBACT/ATCM
e CARB’s proposed ATCM (Air Toxic Control Measure) rule change to more closely
parallel federal NSPS
o Does CARB’s proposal also change California’s approach to BACT?
Technically the ATCM does not mention BACT, but indirectly it affects
BACT because the ATCM addresses NOx, CO, and VOC/POC.
o Does CARB’s BACT rule also arrive at Tier 2 for engines 560-900 bKW.
Yes.

Model 18C Tier 2 Engine Specs and Compliance

e Convert nominal bBKW and bHP.
The C18 e-generator has a nominal (full load) 890 bhp engine.

e The nominal emission rates in Cat’s spec sheet for the C18 e-gen look high (e.g.,
0.035 g/hp-hr PM is way over the 0.015 CA BACT.
These nominal emissions are at full load. EPA Tier compliance is based on weighed-
avera%e emission testing, which are typically much lower than full load, especially for
NOx.' He thinks air districts typically allow applicants to rely on the weighted
average emissions numbers for permitting. He explained that 50% load emissions are
given a 50% weighting in the in average, and full load emissions have only about
10% weighting.
Steve suggested that I go to CARB’s on-line compliance testing database for
weighted-average emissions.” The Model C18 is listed in the 18 liter category, and

! Steve explained that market pressures result in high emission numbers at full load. Customers typically
base purchase decisions on full load fuel consumption, so manufacturers tune the engine for optimal fuel
consumption at full load. which leads to higher emissions — particularly NOx.

2 From my 3:40 followup call to Steve, the url is: http://arb.ca.gov/msprog/offroad/cert/cert.php. The
Executive Order number for this engine is U-R-001-0380-1. Data are not yet available for Cat engines after
2010. The 2010 certified emission rates (g/kw-h) are: NOx+NMHC=5.80, CO=0.8. PM=0.08. The CARB
certificate is attached. Given that | kw = 0.746 hp. these numbers convert to 4.33 g/hp-hr NOx+NMHC.
0.6 g¢/hp-hr CO, and 0.06 g/hp-hr PM. Assuming 0.01 g/hp-hr for NMHC, the NOx value is 4.32 g/hp-hr.




make sure to use the genset numbers’. If needed, he can provide emissions numbers at
various loads.
Steve indicated that VOC is minimal for diesel engines. It would be acceptable to
subtract 0.01 g/hp-hr (from the spec sheet) from the certified NOx+NMHC total to
get NOx emission rate.

e What engine is Cat selling in CA that meets BACT?
The C18 emergency generator is certified Tier 2 and meets BACT.

e Confirm the emergency generator size cutoff for Tier 2 vs Tier 3.
Above 560 bkW, EPA Tier 2 applies to all emergency engines. Tier 3 applies below
560 bKW.

? Genset engine loading is more constant than other engine applications, so emissions are different.
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DieselNet: Emission Standards » United States

Nonroad Diesel Engines

Background

Applicability

Tier 1-3 Emission Standards
Tier 4 Emission Standards

Test Cycles and Fuels

Engine Useful Life
Environmental Benefit and Cost

Background

Tier 1-3 Standards. The first federal standards (Tier 1) for new nonroad (or off-road) diesel engines were adopted in 1994 for
engines over 37 kW (50 hp), to be phased-in from 1996 to 2000. In 1996, a Statement of Principles (SOP) pertaining to nonroad
diesel engines was signed between EPA, California ARB and engine makers (including Caterpillar, Cummins, Deere, Detroit
Diesel, Deutz, Isuzu, Komatsu, Kubota, Mitsubishi, Navistar, New Holland, Wis-Con, and Yanmar). On August 27, 1998, the
EPA signed the final rule reflecting the provisions of the SOP. The 1998 regulation introduced Tier 1 standards for equipment
under 37 kW (50 hp) and increasingly more stringent Tier 2 and Tier 3 standards for all equipment with phase-in schedules
from 2000 to 2008. The Tier 1-3 standards are met through advanced engine design, with no or only limited use of exhaust gas
aftertreatment (oxidation catalysts). Tier 3 standards for NOx+HC are similar in stringency to the 2004 standards for highway
engines, however Tier 3 standards for PM were never adopted.

Tier 4 Standards. On May 11, 2004, the EPA signed the final rule introducing Tier 4 emission standards, which are to be
phased-in over the period of 2008-2015 /69 FR 38957-39273. 29 Jun 2004]. The Tier 4 standards require that emissions of PM and
NOxbe further reduced by about 90%. Such emission reductions can be achieved through the use of control technologies—
including advanced exhaust gas aftertreatment—similar to those required by the 2007-2010 standards for highway engines.

Nonroad Diesel Fuel. At the Tier 1-3 stage, the sulfur content in nonroad diesel fuels was not limited by environmental
regulations. The oil industry specification was 0.5% (wt., max), with the average in-use sulfur level of about 0.3% = 3,000 ppm.
To enable sulfur-sensitive control technologies in Tier 4 engines—such as catalytic particulate filters and NOx adsorbers—the
EPA mandated reductions in sulfur content in nonroad diesel fuels, as follows:

e 500 ppm effective June 2007 for nonroad, locomotive and marine (NRLM) diesel fuels

o 15 ppm (ultra-low sulfur diesel) effective June 2010 for nonroad fuel, and June 2012 for locomotive and marine fuels

California. In most cases, federal nonroad regulations also apply in California, whose authority to set emission standards for
new nonroad engines is limited. The federal Clean Air Act Amendments of 1990 (CAA) preempt California’s authority to
control emissions fromnew farmand construction equipment under 175 hp fCAA Section 209(e)(1)(4}] and require California to
receive authorization fromthe federal EPA for controls over other off-road sources /C44 Section 209 (e)(2)(4)].

The US nonroad emission standards are harmonized to a certain degree with European nonroad emission standards.

EPA emission standards for nonroad diesel engines are published in the US Code of Federal Regulations, Title 40, Part 89 /40
CFR Purt 89].

Applicability

The nonroad standards cover mobile nonroad diesel engines of all sizes used in a wide range of construction, agricultural and
industrial equipment. The EPA definition of the nonroad engine is based on the principle of mobility/portability, and includes

dieselnet.com/standards/.../nonroad.php 1/6



12/2/2010 Emission Standards: USA: Nonroad Di...
engines installed on (1) self-propelled equipment, (2) on equipment that is propelled while performing its function, or (3) on
equipment that is portable or transportable, as indicated by the presence of wheels, skids, carrying handles, dolly, trailer, or
platform /#0 CFR 1068.30]. In other words, nonroad engines are all internal combustion engines except motor vehicle (highway)
engines, stationary engines (or engines that remain at one location for more than 12 months), engines used solely for
competition, or engines used in aircraft.

Effective May 14, 2003, the definition of nonroad engines was changed to also include all diesel powered engines—including
stationary ones—used in agricultural operations in California. This change applies only to engines sold in the state of
California; stationary engines sold in other states are not classified as nonroad engines.

The nonroad diesel emission regulations are not applicable to all nonroad diesel engines. Exempted are the following nonroad
engine categories:

¢ Engines used in railway locomotives; those are subject to separate EPA regulations.

¢ Engines used in marine vessels, also covered by separate EPA regulations. Marine engines below 37 kW (50 hp) are
subject to Tier 1-2—but not Tier 4—nonroad standards. Certain marine engines that are exempted from marine
standards may be subject to nonroad regulations.

¢ Engines used in underground mining equipment. Diesel emissions and air quality in mines are regulated by the Mine
Safety and Health Administration (MSHA).

¢ Hobby engines (below 50 e’ per cylinder)

Examples of regulated applications include farm tractors, excavators, bulldozers, wheel loaders, backhoe loaders, road graders,
diesel lawn tractors, logging equipment, portable generators, skid steer loaders, or forklifts.

A new definition of a compression-ignition (diesel) engine is used in the regulatory language since the 1998 rule, that is
consistent with definitions established for highway engines. The definition focuses on the engine cycle, rather than the
ignition mechanism, with the presence of a throttle as an indicator to distinguish between diesel-cycle and otto-cycle
operation. Regulating power by controlling the fuel supply in lieu of a throttle corresponds with lean combustion and diesel-
cycle operation. This language allows the possibility that a natural gas-fueled engine equipped with a sparkplug is considered
a compression-ignition engine.

Tier 1-3 Emission Standards

The 1998 nonroad engine regulations are structured as a 3-tiered progression. Each tier involves a phase in (by horsepower
rating) over several years. Tier 1 standards were phased-in from 1996 to 2000. The more stringent Tier 2 standards take effect
from 2001 to 2006, and yet more stringent Tier 3 standards phase-in from 2006 to 2008 (Tier 3 standards apply only for engines
from 37-560 kW).

Tier 1-3 emissions standards are listed in Table 1. Nonroad regulations are in the metric system of units, with all standards
expressed in grams of pollutant per kWh.

Tabie 1
EPA Tier 1-3 Nonroad Diesel Engine Emission Standards, g/kWh (g/bhp-hr)

Engine Power Tier Year co HC NMHC+NOx NOx PM

KW <8 Tier1 | 2000 |80(60) |- 105(78) |- 1.0 (0.75)
(hp<11) Tier2 | 2005 |80(60) |- 75(56) |- 0.8 (0.6)
8<kW<19 Tier1 | 2000 |66(49) |- 95(71) |- 0.8 (0.6)
(11 <hp <25) Tier2 | 2005 |66(49) |- 75(6) |- 0.8 (06)
19< KW < 37 Tier1 | 1999 |55(41) |- 95(71) |- 0.8 (06)
(25 < hp < 50) Tier2 | 2004 |55(41) |- 75(56) |- 0.6 (0.45)
37<kW<75 Tier1 | 1998 |- - - 9269 |-

IEN # ln s ANNN
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Y Tier2 |2004 |50(37) |- 75(56) |- 0.4 (0.3)
Tiers | 2008 |50(37) |- 4735 |- T

75 < kW < 130 Tier1 | 1997 |- K ; 92(69) |-

(100 < hp <175) Tier2 | 2003 |50(37) |- 66(49) |- 0.3 (0.22)
Tiers | 2007 |50(37) |- 40(30) |- "

130 < kW < 225 Tier1 | 1996 | 11.4(85) |13(1.0) |- 92(69) |o054(04)

(175 < hp <300) Tier2 |2003 |35(26) |- 6649 |- 0.2 (0.15)
Tiers | 2006 |35(26) |- 40(30) |- 1

225 < kW < 450 Tier1 | 1996 | 114 (85 |13(1.0) |- 92(69) |054(04)

(300 < hp < 600) Tier2 | 2001 |35(26) |- 6.4(48) |- 0.2 (0.15)
Tier3 | 2006 |35(26) |- 40(30) |- T

450 < KW < 560 Tier1 | 1996 |114(85) |13(10) |- 92(69) |054(04)

(600 < hp <750) Tier2 |2002 |35(26) |- 6448 |- 0.2 (0.15)
Tier3 | 2006 |35(26) |- 40(30) |- 5

KW = 560 Tier1 | 2000 |11.4(85) |13(10) |- 92(69) | o054 (04)

(hp 2 750) Tier2 | 2006 |35(26) |- 64(48) |- 0.2 (0.15)

1 Not adopted, engines must meet Tier 2 PM standard.

Manufacturers who signed the 1998 Consent Decrees with the EPA may be required to meet the Tier 3 standards one year

ahead of schedule (i.e. beginning in 2005).

Voluntary, more stringent emission standards that manufacturers could use to eam a designation of “Blue Sky Series” engines
(applicable to Tier 1-3 certifications) are listed in Table 2.

Table 2

EPA Voluntary Emission Standards for
Nonroad Diesel Engines, g/kWh (g/bhp-hr)

Rated Power (kW) | NMHC+NOx PM

kw<8 46 (34) 0.48 (0.36)
8 <kW <19 45 (34) 0.48 (0.36)
19 S kW <37 45 3.4) 0.36 (0.27)
37<kW<75 47 (3.5) 0.24 (0.18)
75 < kW<130 4.0 (3.0) 0.18 (0.13)
130 < kW < 560 4.0 (3.0) 0.12 (0.09)
kW 2 560 3.8(2.8) 0.12 (0.09)

Engines of all sizes must also meet smoke standards of 20/15/50% opacity at acceleration/lug/peak modes, respectively.

The regulations include several other provisions, such as averaging, banking and trading of emission credits and maximum

“family emission limits” (FEL) for emission averaging.

Tier 4 Emission Standards

The Tier 4 emission standards—to be phased-in from 2008-2015— introduce substantial reductions of NOx (for engines above

56 kW) and PM (above 19 kW), as well as more stringent HC limits. CO emission limits remain unchanged from the Tier 2-3

stage.

dieselnet.com/standards/.../nonroad.php
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Engines up to 560 kW. Tier 4 emission standards for engines up to 560 kW are listed in Table 3.

Table 3
Tier 4 Emission Standards—Engines up to 560 kW, g/kWh (g/bhp-hr)

(175 < hp s 750)

Engine Power _ Year co NMHC NMHC+NO, NO, PM
kW<38 2008 8.0 (6.0) - 75(5.6) - 0.42 (0.3)
(hp<11)
8skw<19 2008 6.6 (4.9) - 7.5(5.6) - 0.4 (0.3)

(11 s hp < 25)
19skW<37 2008 5.5(4.1) - 7.5(5.6) - 0.3(0.22)
(25 < hp < 50) 2013 55(4.1) - 4.7 (3.5) - 0.03 (0.022)
37 <kW<56 2008 5.0 (3.7) - 4.7 (3.5) - 0.3° (0.22)
(50 < hp < 75)

2013 5.0(3.7) - 4.7 (3.5) - 0.03 (0.022)
56 < kW <130 2012-2014°¢ 50(3.7) 0.19(0.14) |- 0.40 (0.30) | 0.02(0.015)
(75 hp <175)
130 < kW <560 2011-20144 35(2.6) 0.19(0.14) |- 0.40 (0.30) | 0.02(0.015)

a - hand-startable, aircooled, DI engines may be certified to Tier 2 standards through 2009 and to an optional PM standard of 0.6 g/kWh
starting in 2010
b - 0.4 g/kWh (Tier 2) if manufacturer complies with the 0.03 g/kWh standard from 2012

(if no Tier 2 credits claimed}—25% engines must comply in 2012-2014, with full compliance from 2014.12.31
d - PM/CO: full compliance from 2011; NOx/HC: 50% engines must comply in 2011-2013

¢ - PM/CO: full compliance from 2012; NOx/HC: Option 1 (if banked Tier 2 credits used}—50% engines must comply in 2012-2013; Option 2

In engines of 56-560 kW rated power, the NOxand HC standards are phased-in over a few year period, as indicated in the
notes to Table 3. The initial standards (PM compliance) are sometimes referred to as the ‘interim Tier 4’ (or “Tier 4i),
‘transitional Tier 4’ or ‘Tier 4 A’, while the final standards (NOx’HC compliance) are sometimes referred to as ‘Tier 4 B’.

As an alternative to introducing the required percentage of Tier 4 compliant engines, manufacturers may certify all their
engines to an alternative NOx limit in each model year during the phase-in period. These alternative NOx standards are:
e Engines 56-130 kW:
o Option 1: NOx= 2.3 g/kWh = 1.7 g/bhp-hr (Tier 2 credits used to comply, MY 2012-2013)
o Option 2: NOx=3.4 g/kWh = 2.5 g/bhp-hr (no Tier 2 credits claimed, MY 2012-2014)
e Engines 130-560 kW: NOx= 2.0 g/kWh = 1.5 g/bhp-hr (MY 2011-2013)

Engines Above 560 kW. Tier 4 emission standards for engines above 560 kW are listed in Table 4. The 2011 standards are

sometimes referred to as ‘transitional Tier 4°, while the 2015 limits represent final Tier 4 standards.

Table 4
Tier 4 Emission Standards—Engines Above 560 kW, g/kWh (g/bhp-hr)

Year Category co NMHC NO, PM
2011 Generator sets > 900 kW 3.5(2.6) 0.40(0.30) | 0.67(0.50) ] 0.10
(0.075)
All engines except gensets > 900 kW | 3.5(2.6) 0.40 (0.30) | 3.5(2.6) 0.10
(0.075)
2015 Generator sets 3.5(2.6) 0.19 (0.14) | 0.67 (0.50) | 0.03
(0.022)

dieselnet.com/standards/.../nonroad.php
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I All engines except gensets I 3.5(2.6) | 0.19 (0.14) | 3.5(2.6) [ 0.04 (0.03) |

Other Provisions. Existing Tier 2-3 smoke opacity standards and procedures continue to apply in some engines. Exempted
from smoke emission standards are engines certified to PM emission standards at or below 0.07 g/kWh (because an engine of
such low PM level has inherently low smoke emission).

The Tier 4 regulation does not require closed crankcase ventilation in nonroad engines. However, in engines with open
crankcases, crankcase emissions must be measured and added to exhaust emissions in assessing compliance.

Similarly to earlier standards, the Tier 4 regulation includes such provisions as averaging, banking and trading of emission
credits and FEL limits for emission averaging.

Test Cycles and Fuels

Nonroad engine emissions are measured on a steady-state test cycle that is nominally the same as the [SO 8178 Cl, 8-mode
steady-state test cycle. Other ISO 8178 test cycles are allowed for selected applications, such as constant-speed engines (D2
S5-mode cycle), variable-speed engines rated under 19 kW (G2 cycle), and marine engines (E3 cycle).

Transient Testing. Tier 4 standards have to be met over both the steady-state test and the nonroad transient cycle, NRTC.
The transient testing requirements begin with MY 2013 for engines below 56 kW, in 2012 for 56-130 kW, and in 2011 for 130-560
kW engines. Engines above 560 kW are not tested on the transient test. Also constant-speed, variable-load engines of any
power category are not subject to transient testing. The NRTC protocol includes a cold start test. The cold start emissions are
weighted at 5% and hot start emissions are weighted at 95% in calculating the final result.

Tier 4 nonroad engines will also have to meet not-to-exceed standards (NTE), which are measured without reference to any
specific test schedule. The NTE standards become effective in 2011 for engines above 130 kW; in 2012 for 56-130 kW; and in
2013 for engines below 56 kW. In most engines, the NTE limits are set at 1.25 times the regular standard for each pollutant (in
engines certified to NOx standards below 2.5 g/kWh or PM standards below 0.07 g/kWh, the NTE nultiplier is 1.5). The NTE
standards apply to engines at the time of certification, as well as in use throughout the useful life of the engine. The purpose
of the added testing requirements is to prevent the possibility of “defeating” the test cycle by electronic engine controls and
producing off-cycle emissions.

Certification Fuels. Fuels with sulfur levels no greater than 0.2 wt% (2,000 ppm) are used for certification testing of Tier 1-3
engines. From 2011, all Tier 4 engines will be tested using fuels of 7-15 ppmsulfur content. A transition fromthe 2000 ppm S
specification to the 7-15 ppm specification will occur in the 2006-2010 period (see Certification Diesel Fuel).

A change from measuring total hydrocarbons to nonmethane hydrocarbons (NMHC) has been introduced in the 1998 rule.
Since there is no standardized EPA method for measuring methane in diesel engine exhaust, manufacturers can either use their
own procedures to analyze nonmethane hydrocarbons or measure total hydrocarbons and subtract 2% from the measured
hydrocarbon mass to correct for methane.

Engine Useful Life

Emission standards listed in the above tables must be met over the entire useful life of the engine. EPA requires the application
of deterioration factors (DFs) to all engines covered by the rule. The DF is a factor applied to the certification emission test
data to represent emissions at the end of the useful life of the engine.

The engine useful life and the in-use testing liability period, as defined by the EPA for emission testing purposes, are listed in
Table 5 for different engine categories. The Tier 4 rule maintains the same engine useful life periods.

Table 5
Useful Life and Recall Testing Periods

Power Rating Rated Engine Speed Useful Life Recall Testing
Period
hours years hours years

dieselnet.com/standards/.../nonroad.php 5/6
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<19 kW all 3000 5 2250
19-37 kW constant speed engines 3000 5 2250

23000 rpm

all others 5000 7 3750 5
>37 kW all 8000 10 6000 7

Environmental Benefit and Cost

1998 Regulation
At the time of signing the 1998 ule, the EPA estimated that by 2010 NOyx emissions would be reduced by about a million tons
per year, the equivalent of taking 35 million passenger cars off the road.

The costs of meeting the emission standards were expected to add under 1% to the purchase price of typical new nonroad
diesel equipment, although for some equipment the standards may cause price increases on the order of 2-3%. The program
was expected to cost about $600 per ton of NOy reduced.

Tier 4 Regulation

When the full inventory of older nonroad engines are replaced by Tier 4 engines, annual emission reductions are estimated at
738,000 tons of NOx and 129,000 tons of PM. By 2030, 12,000 premature deaths would be prevented annually due to the
implementation of the proposed standards.

The estimated costs for added emission controls for the vast majority of equipment was estimated at 1-3% as a fraction of total
equipment price. For example, for a 175 hp bulldozer that costs approximately $230,000 it would cost up to $6,900 to add the
advanced emission controls and to design the bulldozer to accommodate the modified engine.

EPA estimated that the average cost increase for 15 ppm S fuel will be 7 cents per gallon. This figure would be reduced to 4
cents by anticipated savings in maintenance costs due to low sulfur diesel.
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PSE FREDONIA
FGS EXPANSION PROJECT

CIRCUIT BREAKERS - SF6 (FOR GHG EMISSION CALCULATIONS)

ATTACHMENT A-13

SF6 Circuit Breakers for 230 kV substation (based on data from current units which will be replaced during this expansion project)

Make:
Number of Units:
SF6 per Modet Unit:

Total SF6:

Leakage Rate:
SF6 Leakage:

SF6 GWP:
CO2e:

Notes:

Mitsubishi
10
117 Ib/unit
201 Ib/unit
1170 Ib
2010 Ib
0.5 %
5.85 Ib/yr
10.05 Ib/yr
23,900
139,815 ib/yr
69.91 tpy
240,195 Iblyr
120.10 tpy

(per PSE; exact units unknown at this time)

(8 for new units, and 2 to replace existing ones (Mitsubishi 3000's), per PSE)

Mitsubishi 200-SFMT-40E
Mitsubishi 200-SFMT-63F

Minimum
Maximum

Annual leakage (per PSE; conservative estimate)

Minimum
Maximum

Minimum

Maximum

GWP (Global Warming Potential) from 40CFRS8, Subpart A, Table A-1.

Al3-1

June 2011
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