




PSE FREDONIA

FGS EXPANSION PROJECT
ATTACHMENT A-1

EMISSIONS SUMMARY

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

EMISSIONS INCREASES DUE TO MODIFICATION

TURBINE EMISSIONS

GE 7FA.05 GE 7FA.04 Siemens SGT6 GE LMS100

# of Units 1 1 1 2

Operating time (excl. SU/SD)hrs/yr/unit 2280 2280 2280 2880

Operating time (total) hrs/yr/unit 2409 2397 2418 3202

NOX ppmvd 2.5 2.5 2.5 2.5

CO ppmvd 4.0 3.8 1.6 3.1

NOX tpy 31.26 29.79 37.21 36.30

CO 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            

SO2 tpy 6.78 6.02 6.29 7.80

H2SO4 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 N2O 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 GE 7FA.04 Siemens SGT6 GE LMS100 SER

NOX tpy 32 31 38 37 40

CO tpy 58 39 160 31 100

VOC 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 -

SO2 tpy 7 6 6 8 40

H2SO4 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).

  H2SO4 for emergency generator assumed equal to SO2 emissions.

  CO2e emissions include CH4 and N2O 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 GE 7FA.04 Siemens SGT6 GE LMS100

lb CO2/MW-hr 1,290 1,302 1,270 1,130

lb CO2e/MW-hr 1,299 1,310 1,278 1,138

Turbine Option
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PSE FREDONIA

FGS EXPANSION PROJECT
ATTACHMENT A-3

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

Equipment GE 7FA.05

Op Conditions

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 (
o
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; no SO2 scrub)

NOX ppmvd @ 15% O2 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 5 5 5 5 5 5 5 5 5

NOX  as NO2 lb/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 lb/h per stack 19.8 15.8 12.4 18.6 15.0 12.0 17.2 14.2 11.6 19.8 15.8 12.4 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 1.4 1.4 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 lb/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) lb/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

CO2 lb/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 lb/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 lb/h per stack 30.1 24 18.8 28.3 22.9 18.2 26.2 21.5 17.6 30.1 24 18.8 28.3 22.9 18.2 26.2 21.5 17.6 32.0 25.8 19.8 32.0 25.7 19.9 30.7 24.8 19.2

H2SO4 lb/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 lb/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 lb/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 lb/yr 44,232 13,950 7,380 14,818 0 0

CO lb/yr 42,408 13,500 7,200 14,213 0 0

VOC lb/yr 8,436 2,700 1,440 3,125 0 0

PM10 (Front & Back Half) lb/yr 82,080 29,250 17,760 12,936 0 0

CO2 lb/yr 561,198,180 179,178,715 95,023,466 123,600,909 0 0

SO2 lb/yr 11,377 3,636 1,926 423 0 0

H2SO4 lb/yr 30,415 9,711 5,148 1,129 0 0

Pb lb/yr 0 0 0 11 0 0

Fuel Use lb/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 lb/hr equiv. Max w/ S/S Max w/o Key: lb/hr equiv. Max w/ S/S Max w/o Key:

NOX lb 31.5 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 

CO lb 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 lb 5.9 8.6

PM10 (Front & Back Half) lb 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,

CO2 lb 69717 and max of fuel options. 109,132 and max of fuel options.

SO2 lb 10.40 20.80 14.51 8.22 1.10 2.20 5.21 8.22

H2SO4 lb 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 lb 0.00 0.02 fuel type. 0.01 0.03 fuel type.

Fuel Consumption lb 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 lb 16 50.53 46.14 44.10 79 278.82 110.61 44.10

CO lb 189 596.84 217.91 42.30 196 691.76 226.32 42.30

VOC lb 4.3 6

PM10 (Front & Back Half) lb 5.8 18.32 38.40 47.70 9.60 33.88 43.79 47.70

CO2 lb 30885 44,157

SO2 lb 4.60 14.53 10.22 8.22 0.40 1.41 6.29 8.22

H2SO4 lb 2.57 8.10 17.61 22.01 0.40 1.42 16.18 22.01

Pb lb 0.00 0.02 0.00 0.03

Fuel Consumption lb 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 lb/yr 6,840 2281 Normal operations greater w/o 3,146 484 Normal operations greater w/o

CO lb/yr 57,398 2187 including SU/SD. 7,393 464 including SU/SD. 

VOC lb/yr 1,469 435 204 102

PM10 (Front & Back Half) lb/yr 2,160 4234 372 422

CO2 lb/yr 14,486,688 28,946,011 2,146,046 4,034,196

SO2 lb/yr 2,160 587 21 14

H2SO4 lb/yr 1,208 1569 19.60 36.85

Pb lb/yr 0.00 0.00 0.18 0.35

Fuel Consumption lb/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) lb/hr basis Max Ann. (Max) lb/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

SO2 tpy 6.77 4.99 6.78 0.22 1.26

H2SO4 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
1

CH4 as CO2e: 3.43E-04 lb/MMBtu 1                      tpy

N2O as CO2e: 8.12E-01 lb/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

1
 The emission factors for CH4 and N2O 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 (GWP) factors for each pollutant.

Natural Gas, content @ 2.25 gr/100scf (annual average) Natural Gas, content @ 3.48 gr/100scf (short-term maximum) ULSD
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PSE FREDONIA

FGS EXPANSION PROJECT
ATTACHMENT A-3

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

Equipment GE 7FA.04

Op Conditions

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 (
o
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; no SO2 scrub)

NOX ppmvd @ 15% O2 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 5 5 5 5 5 5 5 5 5

NOX  as NO2 lb/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 lb/h per stack 16.2 13.2 11.4 15.6 12.7 10.8 14.3 11.8 10.7 16.2 13.2 11.4 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 lb/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) lb/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

CO2 lb/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 lb/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 lb/h per stack 25.7 21 17.7 24.7 20.1 16.7 22.3 18.4 16.2 25.7 21 17.7 24.7 20.1 16.7 22.3 18.4 16.2 28.7 23.2 19.5 28.6 22.9 18.9 26.5 21.4 18.8

H2SO4 lb/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 lb/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 lb/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 lb/yr 38,304 12,240 6,780 13,104 0 0

CO lb/yr 35,568 11,430 6,480 11,827 0 0

VOC lb/yr 6,612 2,070 1,200 2,520 0 0

PM10 (Front & Back Half) lb/yr 83,904 29,970 18,420 12,902 0 0

CO2 lb/yr 490,877,878 157,368,847 87,239,473 110,432,696 0 0

SO2 lb/yr 9,964 3,186 1,770 376 0 0

H2SO4 lb/yr 26,585 8,532 4,728 1,011 0 0

Pb lb/yr 0 0 0 9 0 0

Fuel Use lb/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 lb/hr equiv. Max w/ S/S Max w/o Key: lb/hr equiv. Max w/ S/S Max w/o Key:

NOX lb 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 

CO lb 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 lb 6.5 8.6

PM10 (Front & Back Half) lb 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,

CO2 lb 70823 and max of fuel options. 109132 and max of fuel options.

SO2 lb 10.10 20.20 13.61 7.01 1.10 2.20 4.61 7.01

H2SO4 lb 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 lb 0.00 0.01 fuel type. 0.01 0.02 fuel type.

Fuel Consumption lb 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 lb 31 132.86 61.05 39.20 79 278.82 107.09 39.20

CO lb 90 385.71 116.99 35.20 196 691.76 221.23 35.20

VOC lb 4.8 6

PM10 (Front & Back Half) lb 4 18.86 39.97 46.40 9.6 33.88 42.85 46.40

CO2 lb 28819 44157

SO2 lb 4.20 18.00 9.57 7.01 0.40 1.41 5.42 7.01

H2SO4 lb 3.22 13.82 22.57 25.23 0.40 1.42 18.49 25.23

Pb lb 0.00 0.02 0.00 0.02

Fuel Consumption lb 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 lb/yr 10,670 1774 Normal operations greater w/o 3,146 428 Normal operations greater w/o

CO lb/yr 28,282 1647 including SU/SD. 7,393 386 including SU/SD. 

VOC lb/yr 1,627 306 204 82

PM10 (Front & Back Half) lb/yr 1,469 3886 372 421

CO2 lb/yr 14,348,448 22,735,396 2,146,046 3,604,400

SO2 lb/yr 2,059 461 21 12

H2SO4 lb/yr 1,611 1231 19.50 33.01

Pb lb/yr 0.00 0.00 0.18 0.31

Fuel Consumption lb/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) lb/hr basis Max Ann. (Max) lb/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

SO2 tpy 6.01 4.37 6.02 0.20 1.12

H2SO4 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
1

CH4 as CO2e: 3.43E-04 lb/MMBtu 1                      tpy

N2O as CO2e: 8.12E-01 lb/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

1
 The emission factors for CH4 and N2O 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 (GWP) factors for each pollutant.

Natural Gas, content @ 2.25 gr/100scf (annual average) Natural Gas, content @ 3.48 gr/100scf (short-term maximum) ULSD
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PSE FREDONIA

FGS EXPANSION PROJECT
ATTACHMENT A-3

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

Equipment Siemens SGT6-5000F4

Op Conditions

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 (
o
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; no SO2 scrub)

NOX ppmvd @ 15% O2 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 5 5 5 5 5 5 5 5 5

NOX  as NO2 lb/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 lb/h per stack 8.4 6.8 14.4 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 lb/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) lb/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

CO2 lb/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 lb/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 lb/h per stack 29.9 24.4 20.7 28 22.3 19 25.2 20.3 17.4 29.9 24.4 20.7 28 22.3 19 25.2 20.3 17.4 30.5 24.0 22.8 27.5 21.9 20.8 24.7 19.9 18.9

H2SO4 lb/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 21.51 17.15 14.64 19.34 15.60 13.37 3.38 2.65 2.52 3.04 2.43 2.31 2.73 2.20 2.09

Pb lb/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 lb/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 lb/yr 44,916 14,130 8,040 13,037 0 0

CO lb/yr 17,328 5,400 7,920 15,187 0 0

VOC lb/yr 6,156 1,980 1,140 2,184 0 0

PM10 (Front & Back Half) lb/yr 60,876 20,700 12,480 11,458 0 0

CO2 lb/yr 555,369,160 174,821,637 99,478,456 106,107,684 0 0

SO2 lb/yr 10,192 3,213 1,824 329 0 0

H2SO4 lb/yr 31,738 9,990 5,682 1,021 0 0

Pb lb/yr 0 0 0 9 0 0

Fuel Use lb/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 lb/hr equiv. Max w/ S/S Max w/o Key: lb/hr equiv. Max w/ S/S Max w/o Key:

NOX lb 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 

CO lb 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 lb 154.20 162.20

PM10 (Front & Back Half) lb 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,

CO2 lb 81663 and max of fuel options. 88,635 and max of fuel options.

SO2 lb 11.00 18.86 14.08 7.39 1.00 1.58 3.71 7.39

H2SO4 lb 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 lb 0.00 0.01 fuel type. 0.01 0.02 fuel type.

Fuel Consumption lb 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 lb 45.00 158.82 75.89 43.10 90.00 284.21 119.45 43.10

CO lb 443.00 1563.53 478.55 49.60 709.00 2238.95 742.89 49.60

VOC lb 50.00 76.00

PM10 (Front & Back Half) lb 2.40 8.47 31.07 40.00 10.00 31.58 37.33 40.00

CO2 lb 41460 66,355

SO2 lb 5.40 19.06 10.70 7.39 0.70 2.21 5.75 7.39

H2SO4 lb 3.63 12.82 20.10 22.98 0.59 1.87 16.30 22.98

Pb lb 0.00 0.02 0.01 0.03

Fuel Consumption lb 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 lb/yr 19,786 2459 Normal operations greater w/o 3,307 516 Normal operations greater w/o

CO lb/yr 257,760 948 including SU/SD. 30,394 250 including SU/SD. 

VOC lb/yr 29,405 337 3,335 36

PM10 (Front & Back Half) lb/yr 1,037 3332 358 454

CO2 lb/yr 17,729,712 30,399,154 2,169,856 4,200,096

SO2 lb/yr 2,362 558 24 13

H2SO4 lb/yr 1,558 1737 21.76 40.43

Pb lb/yr 0.00 0.00 0.19 0.36

Fuel Consumption lb/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) lb/hr basis Max Ann. (Max) lb/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 5.91 34.10

CO2 tpy 286,549 243,583 299,766 54,139 315,797

SO2 tpy 6.28 4.47 6.29 0.18 0.98

H2SO4 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
1

CH4 as CO2e: 3.43E-04 lb/MMBtu 1                      tpy

N2O as CO2e: 8.12E-01 lb/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

1
 The emission factors for CH4 and N2O 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 (GWP) factors for each pollutant.

Natural Gas, content @ 2.25 gr/100scf (annual average) Natural Gas, content @ 3.48 gr/100scf (short-term maximum) ULSD
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PSE FREDONIA

FGS EXPANSION PROJECT
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)

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 (
o
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% O2 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 5 5 5 5 5 5 5 5 5

NOX  as NO2 lb/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% O2 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 lb/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 lb/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) lb/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

CO2 lb/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 lb/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 lb/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

H2SO4 lb/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 lb/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 lb/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 lb/yr 46,656 11,700 6,000 2,592 11,357 0 0

CO lb/yr 35,712 8,100 4,560 2,808 3,360 0 0

VOC lb/yr 13,248 3,240 1,680 864 4,435 0 0

PM10 (Front & Back Half) lb/yr 78,336 21,780 12,720 6,768 17,942 0 0

CO2 lb/yr 600,160,576 150,588,450 76,110,157 33,035,464 95,558,088 0 0

SO2 lb/yr 12,154 3,060 1,548 670 336 0 0

H2SO4 lb/yr 32,544 8,172 4,128 1,793 860 0 0

Pb lb/yr 0 0 0 0 8 0 0

Fuel Use lb/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 lb/hr equiv. Max w/ S/S Max w/o Key: lb/hr equiv. Max w/ S/S Max w/o Key:

NOX lb 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 

CO lb 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 lb 0.97 3.69

PM10 (Front & Back Half) lb 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,

CO2 lb 43546 and max of fuel options. 58849 and max of fuel options.

SO2 lb 6.46 12.92 8.09 3.26 0.55 1.10 2.18 3.26

H2SO4 lb 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 lb 0.00 0.50 fuel type. 0.01 0.51 fuel type.

Fuel Consumption lb 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 lb 3.40 25.50 18.05 16.90 5.70 42.75 20.35 16.90

CO lb 1.80 13.50 8.04 7.20 1.70 12.75 7.94 7.20

VOC lb 0.03 0.06

PM10 (Front & Back Half) lb 1.00 7.50 24.14 26.70 4.70 35.25 27.84 26.70

CO2 lb 4621 5555

SO2 lb 0.68 5.10 3.51 3.26 0.05 0.38 2.88 3.26

H2SO4 lb 0.38 2.88 7.95 8.73 0.05 0.38 7.62 8.73

Pb lb 0.00 0.87 0.00 0.87

Fuel Consumption lb 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 lb/yr 18,192 2462 Normal operations greater w/o 1,837 300 Normal operations greater w/o

CO lb/yr 24,384 1885 including SU/SD. 1,156 89 including SU/SD. 

VOC lb/yr 480 699 105 117

PM10 (Front & Back Half) lb/yr 2,064 4134 531 473

CO2 lb/yr 23,120,160 31,675,141 1,803,312 2,521,672

SO2 lb/yr 3,427 641 17 9

H2SO4 lb/yr 1,935 1718 16 23

Pb lb/yr 0.00 0.00 0.15 0.22

Fuel Consumption lb/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) lb/hr basis Max Ann. (Max) lb/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

H2SO4 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
1

CH4 as CO2e: 3.43E-04 lb/MMBtu 1                     tpy

N2O as CO2e: 8.12E-01 lb/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

1
 The emission factors for CH4 and N2O 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 (GWP) factors for each pollutant.

ULSD
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PSE FREDONIA

FGS EXPANSION PROJECT
ATTACHMENT A-10

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 7FA5 - 7F

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*1000 NOx CO PM SO2 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 2.56 0.05 24-hr PM

GE 7FA5 - 51F

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*1000 NOx CO PM SO2 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 7FA5 - 88F

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*1000 NOx CO PM SO2 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

GE 7FA4 - 7F

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*1000 NOx CO PM SO2 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 2.39 0.31 24-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 --

GE 7FA4 - 51F

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*1000 NOx CO 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 --

GE 7FA4 - 88F

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*1000 NOx CO PM SO2 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

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*1000 NOx CO PM SO2 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 33.80 49.60 33.60 0.85 Distillate; 7 deg F; 75% load. 53.21 1.80 2.64 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. 54.51 1.75 2.55 1.82 0.04 --

Siemens SGT6-5000F4 - 51F

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*1000 NOx CO PM SO2 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 1.61 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

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*1000 NOx CO PM SO2 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 26.70 38.80 32.80 0.67 Distillate; 88 deg F; 70% load. 59.06 1.58 2.29 1.94 0.04 24-hr PM

REVISIONS - 4/5/11 EMISSIONS, LOWER STACK HEIGHT

LMS100 - 7F

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*1000 NOx CO PM SO2 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 1.51 9.15 0.11 (No op. time at 50% load on Distillate)

LMS100 - 51F

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*1000 NOx CO PM SO2 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 0.14 24-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

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*1000 NOx CO PM SO2 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 1.41 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 7.76 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 8.26 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.

Emis (lb/hr) [Based on 2 units/2 srcs]

Emis (lb/hr) [Based on 1 unit/1 src]

Emis (lb/hr) [Based on 1 unit/1 src]

Emis (lb/hr) [Based on 1 unit/1 src]

Emis (lb/hr) [Based on 1 unit/1 src]

Emis (lb/hr) [Based on 2 units/2 srcs]

Emis (lb/hr) [Based on 1 unit/1 src]

Emis (lb/hr) [Based on 1 unit/1 src]

Emis (lb/hr) [Based on 1 unit/1 src]

Emis (lb/hr) [Based on 1 unit/1 src]

Emis (lb/hr) [Based on 1 unit/1 src]

Emis (lb/hr) [Based on 2 units/2 srcs]
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PSE FREDONIA

FGS EXPANSION PROJECT
ATTACHMENT A-11

REFINED MODELING FOR TURBINES (Emergency generator model input shown on separate sheet)

GE 7FA.05

Emis (lb/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 SO2-1 SO2-3 SO2-24 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.

GE 7FA.04

Emis (lb/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 SO2-1 SO2-3 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 (lb/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 SO2-1 SO2-3 SO2-24 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 Unit ID ht (ft) T (F) v (fps) d (ft) NOx NOx-1 CO-1 CO-8 PM PM-24 SO2 SO2-1 SO2-3 SO2-24 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-24/100 110 800.00 129.00 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

FGS EXPANSION PROJECT
ATTACHMENT A-12

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 Gal/hr (Caterpillar Tier 2 Specification Sheet, May 6, 2009)

Stack Height: 50 ft (PSE)

Fuel Sulfur Content: 0.0015 %

Operation: 275 hrs/yr (includes 52 hrs of testing/maintenance

 plus emergency use, up to 275 hrs/yr total)

MODELING RATES (lb/hr):

Emission Factor Emission Rate Short Term Long Term

Pollutant g/hp-hr lb/hp-hr lb/hr lb/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

VOC 0.01 0.02 4.87

PM 0.06 0.11 29.2 0.1063 0.00334

CO2 1.16 933 256568

SO2 1.2E-05 0.01 2.68 0.00976 0.00031

Notes:

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 lb/hp-hr lb/hr lb/yr GWP CO2e (tpy)

CH4 6.35E-05 0.05 14 21 0.1474

N2O -- -- -- 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 N2O emission factors provided in AP-42 for diesel engines. The N2O emission factor for distillate use in turbines shows

    non-detect (ND) values. Therefore, N2O emissions are expected to be negligible for diesel engines.

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

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.
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