
 

APPENDIX 5.1A 

Emission Calculations and Support Data 



 

APPENDIX 5.1A 

Calculation of Maximum Hourly, Daily, and 
Annual Emissions 

Tables presented in this Appendix are as follows: 

5.1A-1  Ammonia Slip Emissions 
5.1A-2  Fuel Use Estimates 
5.1A-3  Turbine/HRSG Emissions Estimates and Performance 
5.1A-4  Turbine/HRSG Air Toxic Emissions Estimates 
5.1A-5  Startup and Commissioning Emissions and Misc Support Data 
5.1A-6  Cooling Tower PM10 Emissions Estimates 
5.1A-7  Cooling Tower Air Toxic Emissions Estimates 
5.1A-8  Auxiliary Boiler Emissions Estimates 
5.1A-9  Auxiliary Boiler HAP Emissions 
5.1A-10  Typical Natural Gas Analysis Data   
5.1A-11  Turbine/HRSG GHG Emissions Estimates 
5.1A-12  Fire Pump Engine Emissions 
 
In addition to the above tables, other miscellaneous support data for the device-specific 
emissions calculations may also be included in this Appendix. 

 

RADBACK-CCGS  



 

RADBACK-CCGS  

Table 5.1A-1 Ammonia Slip Emissions 

Unit Lbs/hr Lbs/Day Tons/Yr 

Turbine/HRSG 1 14 336 59.5 

Turbine/HRSG 2 14 336 59.5 

Aux Boiler 0.11 0.88 0.022 

 

 

Table 5.1A-2 Fuel Use Estimates 

Unit Per hour Per Day Per Yr 

Turbine/HRSG 1 2.104 mmscf 50.5 mmscf 17,526 mmscf 

Turbine/HRSG 2 2.104 mmscf 50.5 mmscf 17,526 mmscf 

Aux Boiler 0.0495 mmscf 0.396 mmscf 19.95 mmscf 

Fire Pump Engine 20 gals 20 gals 1000 gals 
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Contra Costa Generating Station 2x1
Evaporative Fluid Cooler

 

Operating Conditions
Peak July Conditions

Case H
Ambient Dry Bulb Temp. deg. F                                     104.4
Ambient Wet Bulb Temp. deg. F                                        70.4
Relative Humidity % 18%
Elevation ft                                        21.0
Ambient Pressure psia                                     14.68
Combustion Turbine Load % 100%
Combustion Turbines Operating                                                2
Evaporative Cooling or Fogging? (Yes/No)    Yes 
Duct Firing? (Yes/No)    No 
Steam or Water Injection? (Yes/No)    No 

Evaporative Fluid Cooler Performance    
Allowance to WB Temp to Account for Recirculation deg. F                                            ‐  
EFC Design Wet Bulb Temperature deg. F                                        70.4
Closed Loop Cooling Water Flow gpm                                     5,610
EFC Circulating Flow gpm                                     5,880
Heat Rejected from Closed Loop Cooling Water MMBtu/hr                                        43.2
Closed Loop Cooling Water Outlet Temperature deg. F                                     105.0
Closed Loop Cooling Water Inlet Temperature deg. F                                     120.4
Require Approach Temperature deg. F                                        34.6
Makeup Water Temperature deg. F                                        70.0
Number of Cells                                                3
Number of Fans Operating                                                3
Fan Stack Diameter ft                                     11.00
Leaving Air Flow/Fan acfm                                 190,600
Total Leaving Air Flow acfm                                 571,800
Stack Velocity ft/sec                                        33.4
Wet Bulb Temperature of Leaving Air deg. F                                     87.91
Enthalpy of Leaving Air Btu/lb                                        53.1
Moisture Content of Leaving Air grains/lb dry air                                         204
Humidity Ratio of Leaving Air lb water/lb dry a                                   0.0291
Density of Leaving Air lbs/cf                                   0.0712
Total Dry Air Flow lb/min                                   39,536
L/G Ratio                                       1.239
Enthalpy of Entering Air Btu/lb                                        34.1
Moisture Content of Entering Air grains/lb dry air                                           57
Humidity Ratio of Entering Air lb water/lb dry a                                   0.0082
Heat Removed by Air MMBtu/hr                                           43
Qair/Qcw   100%
Evaporation gpm                                           99
Drift, percent of circulating water flow % 0.0030%
Drift gpm                                        0.18
Drift lb/hr                                        0.17
EFC Circulating Water TDS mg/l                                     1,500
% PM10 Emissions % of total 100%

PM10 Emissions lbs/hr 0.132
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Contra Costa Generating Station 2x1
Expected Auxiliary Boiler Emissions

Auxiliary Boiler
Operating Conditions

Ambient Dry Bulb Temp. deg. F 59.0
Ambient Wet Bulb Temp. deg. F 51.5
Relative Humidity % 60%
Elevation ft 21.0
Ambient Pressure psia 14.68
Auxiliary Boiler Firing Rate % 100%

Fuel Input
Fuel (LHV) MMBtu/hr 45.7
HHV/LHV = 1.1085 
Fuel (HHV) MMBtu/hr 50.6
Fuel lb/hr 2,188

Combustion Air
N2 mole % dry 78.04%
O2 mole % dry 20.99%
CO2 mole % dry 0.03%
Ar mole % dry 0.94%
Total 100.00%
Molecular Weight, dry air 28.97
Inlet Air Dry Bulb Temperature deg. F 59.0

Moisture Content of Inlet Air lb H20/lb air 0.0064

Moisture Content moles H20/mole a 0.010
N2 mole % 77.25%
O2 mole % 20.78%
CO2 mole % 0.03%
H2O mole % 1.01%
Ar mole % 0.93%
Total 100.00%
Molecular Weight 28.86
Inlet Air Flow lb/hr 42,208

Boiler Exhaust
Excess Combustion Air % 15.0%
N2 lb/hr 31,683
O2 lb/hr 1,270
CO2 lb/hr 5,915
H2O lb/hr 4,985
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Ar lb/hr 544
Total Exhaust Flow lb/hr 44,396
Manufacturer's Exhaust Flow lb/hr 44,396
N2 mass % 71.36%
O2 mass % 2.86%
CO2 mass % 13.32%
H2O mass % 11.23%
Ar mass % 1.22%
Total   100.00%
N2 moles/hr 1,131
O2 moles/hr 40
CO2 moles/hr 135
H2O moles/hr 277
Ar moles/hr 14
Total moles/hr 1,596
N2 mole % 70.87%
O2 mole % 2.49%
CO2 mole % 8.45%
H2O mole % 17.34%
Ar mole % 0.85%
Total   100.00%
Molecular Weight   27.83

Boiler Emissions Upstream of Catalyst
NOx, @ 3% O2 ppmvd 83.0
CO, @ 3% O2 ppmvd 50.0
VOC, @ 3% O2 ppmvd 0.24
NOx, as NO2 lb/hr 5.0
CO lb/hr 1.8
VOC, as CH4 lb/hr 0.0051
PM10 lb/hr 0.52
PM10 Increase from Sulfur Particulates lb/hr 0.01
SO2 Converted to PM10 within Boiler lb/hr 0.01
SO2 lb/hr 0.14

CO Catalyst Performance
Required CO Reduction lb/hr 0.0
Required CO Reduction (mass basis) % 0%
Required VOC Reduction lb/hr 0.0
Required VOC Reduction (mass basis) % 0%
PM10 Increase from Sulfur Particulates lb/hr 0.2
SO2 Converted to PM10 within CO Catalyst lb/hr 0.1

NOx Catalyst Performance

Required NOx Reduction, as NO2 lb/hr 4.5
Required NOx Reduction (mass basis)
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Required NOx Reduction (mass basis) % 89%
PM10 Increase from Sulfur Particulates lb/hr 0.01
NH3 Slip lb/hr 0.1
NH3 Reacted lb/hr 1.7
Total NH3 Added    lb/hr 1.9

Boiler Stack Exhaust Analysis
N2 lb/hr 31,683
O2 lb/hr 1,270
CO2 lb/hr 5,915
H2O lb/hr 4,985
Ar lb/hr 544
Total lb/hr 44,396
N2 mass % 71.4%
O2 mass % 2.9%
CO2 mass % 13.3%
H2O mass % 11.2%
Ar mass % 1.2%
Total mass % 100.0%
N2 moles/hr 1,131
O2 moles/hr 40
CO2 moles/hr 135
H2O moles/hr 277
Ar moles/hr 14
Total moles/hr 1,595
N2 mole% 70.9%
O2 mole% 2.5%
CO2 mole% 8.4%
H2O mole% 17.3%
Ar mole% 0.9%
Total mole% 100.0%
Molecular Weight   27.83
Stack Temperature deg. F 290
Stack Temperature deg. K 416
Stack Flow acfh 874,000
Stack Flow acfm 14,566.67
Stack Velocity ft/sec 49.46
Stack Velocity m/sec 15.08

Calculated Boiler Stack Emissions
NOx, @ 3% O2 ppmvd 9.0
CO, @ 3% O2 ppmvd 50.0
VOC, as CH4 @ 3% O2 ppmvd 0.24
NH3 slip, @ 3% O2 ppmvd 5.0
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NOx, as NO2 lb/hr 0.5
CO lb/hr 1.8
VOC, as CH4 lb/hr 0.0051
Total PM10 from Sulfur Particulates lb/hr 0.23
Total PM10 lb/hr 0.75
NH3 lb/hr 0.11
SO2 lb/hr 0.14

Permitted Boiler Stack Emissions
NOx, @ 3% O2 ppmvd 9.0
CO, @ 3% O2 ppmvd 50.0
VOC, as CH4 @ 3% O2 ppmvd 5.0
Total PM10 lbs/MMBtu HHV 0.00450
NH3 Slip, @ 3% O2 ppmvd 5.0
NOx, as NO2 lb/hr 0.55
CO lb/hr 1.85
VOC, as CH4 lb/hr 0.11
Total PM10 lb/hr 0.228
Total PM10 lbs/MMscf 4.6
NH3 lb/hr 0.11
SO2 lb/hr 0.14
SO2 lbs/MMscf 2.85
NOx, as NO2 g/s 0.069
CO g/s 0.233
VOC, as CH4 g/s 0.013
Total PM10 g/s 0.029
NH3 g/s 0.014

SO2 g/s 0.018



dog.xls 1 of 1 Design Fuel Gas

Fuel Gas Analysis

Gross Net N2 O2 CO2 Ar Dry Air N2 CO2 SO2 H2O Ar
Methane CH4 95.619% 15.340 91.4% 16.043 0.0422 0.5558 23,879 21,520 11.86 3.64 0.01 0.20 15.72 11.86 2.51 0.00 2.05 0.20

Ethane C2H6 2.647% 0.796 4.7% 30.070 0.0792 1.0418 22,320 20,432 0.57 0.18 0.00 0.01 0.76 0.57 0.14 0.00 0.09 0.01

Propane C3H8 0.300% 0.132 0.8% 44.097 0.1161 1.5277 21,661 19,944 0.09 0.03 0.00 0.00 0.12 0.09 0.02 0.00 0.01 0.00
n‐Butane C4H10 0.043% 0.025 0.1% 58.124 0.1530 2.0137 21,308 19,680 0.02 0.01 0.00 0.00 0.02 0.02 0.00 0.00 0.00 0.00

Isobutane C4H10 0.033% 0.019 0.1% 58.124 0.1530 2.0137 21,257 19,629 0.01 0.00 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.00
n‐Pentane C5H12 0.008% 0.006 0.0% 72.151 0.1900 2.4997 21,091 19,517 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00

Isopentane C5H12 0.011% 0.008 0.0% 72.151 0.1900 2.4997 21,052 19,478 0.01 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00

Neopentane C5H12 0.000% 0.000 0.0% 72.151 0.1900 2.4997 20,970 19,396 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
n‐Hexane C6H14 0.008% 0.007 0.0% 86.178 0.2269 2.9856 20,940 19,403 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00

Ethylene C2H4 0.000% 0.000 0.0% 28.054 0.0739 0.9719 21,644 20,295 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Propylene C3H6 0.000% 0.000 0.0% 42.081 0.1108 1.4579 21,041 19,691 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
n‐Butene C4H8 0.000% 0.000 0.0% 56.108 0.1477 1.9439 20,840 19,496 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Isobutene C4H8 0.000% 0.000 0.0% 56.108 0.1477 1.9439 20,730 19,382 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
n‐Pentene C5H10 0.000% 0.000 0.0% 70.135 0.1847 2.4298 20,712 19,363 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Benzene C6H6 0.000% 0.000 0.0% 78.115 0.2057 2.7063 18,210 17,480 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Toluene C7H8 0.000% 0.000 0.0% 92.142 0.2426 3.1922 18,440 17,620 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Xylene C8H10 0.000% 0.000 0.0% 106.169 0.2795 3.6782 18,650 17,760 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Acetylene C2H2 0.000% 0.000 0.0% 26.038 0.0686 0.9021 21,500 20,776 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Napthalene C10H8 0.000% 0.000 0.0% 128.175 0.3375 4.4406 17,298 16,708 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Methly alcohol CH3OH 0.000% 0.000 0.0% 32.042 0.0844 1.1101 10,259 9,078 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Ethyl alcohol C2H5OH 0.000% 0.000 0.0% 46.070 0.1213 1.5961 13,161 11,929 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Ammonia NH3 0.000% 0.000 0.0% 17.031 0.0448 0.5900 9,668 8,001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Hydrogen H2 0.000% 0.000 0.0% 2.016 0.0053 0.0698 61,100 51,623 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Nitrogen N2 0.815% 0.228 1.4% 28.013 0.0738 0.9712 0 0 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00

Carbon Dioxide CO2 0.516% 0.227 1.4% 44.010 0.1159 1.5247 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Total 100.0% 100.0% 16.789 0.0442 0.5820 23,130 20,865 12.58 3.86 0.01 0.22 16.66 12.59 2.70 0.00 2.16 0.22
Sulfur Compounds N2 O2 CO2 Ar Dry Air N2 CO2 SO2 H2O Ar
Maximum Sulfur S 1.00 grains/100scf 0.00323% 32.060        N/A N/A 3,983 3,983 1.0E‐04 3.2E‐05 6.3E‐08 1.8E‐06 1.4E‐04 1.0E‐04 6.3E‐08 6.5E‐05 0.0E+00 1.8E‐06
Annual Average Sulfur S 0.25 grains/100scf 0.00081% 32.060        N/A N/A 3,983 3,983 2.6E‐05 8.1E‐06 1.6E‐08 4.5E‐07 3.5E‐05 2.6E‐05 1.6E‐08 1.6E‐05 0.0E+00 4.5E‐07
Hydrogen Sulfide H2S 0 ppmv 0.000% 34.076        0.0897 1.1806 7,100 6,545 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Maximum Total 0.00323% 1.0E‐04 3.2E‐05 6.3E‐08 1.8E‐06 1.4E‐04 1.0E‐04 6.3E‐08 6.5E‐05 0.0E+00 1.8E‐06
Annual Average Total 0.00081% 2.6E‐05 8.1E‐06 1.6E‐08 4.5E‐07 3.5E‐05 2.6E‐05 1.6E‐08 1.6E‐05 0.0E+00 4.5E‐07

Exhaust Products

Heat of CombusLon

Btu/lb Required for CombusLon

Lb/lb Fuel

Contra Costa GeneraLng StaLon 2x1

Fuel Gas 
ComposiLon 
(mole %)

Mole % x 
Molecular 
Weight

Fuel Gas 
ComposiLon 
(mass %)

Molecular 
Weight

Density 
(lbs/scf)

Specific 
Gravity



Table 5.1A-4
Calculation of Hazardous and Toxic Pollutant Emissions # of Units: 2

Fuel HHV: 1022  btu/scf

Calculation of Noncriteria Pollutant Emissions from Gas Turbines

Compound

Emission 
Factor, 

lb/MMscf

Maximum 
Hourly 

Emissions, 
lb/hr

Maximum 
Daily 

Emissions, 
lb/day

Annual 
Emissions, 

lb/yr

Maximum 
Hourly 

Emissions, 
lb/hr

Maximum 
Daily 

Emissions, 
lb/day

Annual 
Emissions, 

lb/yr

Annual 
Emissions, 

tons/yr

Acetaldehyde 1.37E-01 2.88E-01 6.92E+00 2.40E+03 5.76E-01 1.38E+01 4.80E+03 2.40E+00
Acrolein 1.89E-02 3.98E-02 9.54E-01 3.31E+02 7.95E-02 1.91E+00 6.62E+02 3.31E-01
Ammonia (3) 1.40E+01 3.36E+02 1.19E+05 2.80E+01 6.72E+02 2.39E+05 1.19E+02
Benzene 1.33E-02 2.80E-02 6.72E-01 2.33E+02 5.60E-02 1.34E+00 4.66E+02 2.33E-01
1,3-Butadiene 1.27E-04 2.67E-04 6.41E-03 2.23E+00 5.34E-04 1.28E-02 4.45E+00 2.23E-03
Ethylbenzene 1.79E-02 3.77E-02 9.04E-01 3.14E+02 7.53E-02 1.81E+00 6.27E+02 3.14E-01
Formaldehyde 9.17E-01 1.93E+00 4.63E+01 1.61E+04 3.86E+00 9.26E+01 3.21E+04 1.61E+01
Hexane 2.59E-01 5.45E-01 1.31E+01 4.54E+03 1.09E+00 2.62E+01 9.08E+03 4.54E+00
Naphthalene 1.66E-03 3.49E-03 8.38E-02 2.91E+01 6.99E-03 1.68E-01 5.82E+01 2.91E-02
Total PAHs 2.41E-04 5.07E-04 1.22E-02 4.22E+00 1.01E-03 2.43E-02 8.45E+00 4.22E-03
Propylene 7.71E-01 1.62E+00 3.89E+01 1.35E+04 3.24E+00 7.79E+01 2.70E+04 1.35E+01
Propylene oxide 4.78E-02 1.01E-01 2.41E+00 8.38E+02 2.01E-01 4.83E+00 1.68E+03 8.38E-01
Toluene 7.10E-02 1.49E-01 3.59E+00 1.24E+03 2.99E-01 7.17E+00 2.49E+03 1.24E+00
Xylene 2.61E-02 5.49E-02 1.32E+00 4.57E+02 1.10E-01 2.64E+00 9.15E+02 4.57E-01
* 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Notes: (1)  Provided by CATEF database.
(2)  Based on maximum hourly turbine fuel use of: 2.1040E+00 mmscf/hr

      Based on a maximum daily turbine fuel use of: 5.0496E+01 mmscf/day

     Based on maximum annual turbine fuel use of: 1.7526E+04 mmscf/yr
     Fuel use values from Fuel Calculation Sheet
(3)  Values from ammonia slip calculations.
(4)  Fuel use values include HRSG duct burner(s) Yes or No: No

Each Turbine 24 Max hrs/day
Each Turbine 8521 Max Hrs/yr

(each turbine) All Turbines
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Contra Costa Generating Station 2x1
Startup Emissions Summary

Calculated Values Proposed Limits
Hot Start

Start Duration, minutes                                      14.0                                      14.0
Total per Start (per turbine)    
    NOx, lbs                                      22.0                                      22.0
    CO, lbs                                    138.0                                    138.0
    VOC, lbs                                      31.0                                      31.0
    PM10, lbs                                        1.1  
    SO2, lbs                                        0.2  

Warm Start
Start Duration, minutes                                      14.0                                      14.0
Total per Start (per turbine)    
    NOx, lbs                                      22.0                                      22.0
    CO, lbs                                    138.0                                    138.0
    VOC, lbs                                      31.0                                      31.0
    PM10, lbs                                        1.1  
    SO2, lbs                                        0.2  

Cold Start
Start Duration, minutes                                      45.0                                      45.0
Total per Start (per turbine)                                        5.0  
    NOx, lbs                                      96.0                                      96.0
    CO, lbs                                    540.0                                    540.0
    VOC, lbs                                      67.0                                      67.0
    PM10, lbs                                        3.7  
    SO2, lbs                                        0.8  

Shutdown
Shutdown Duration, minutes                                      14.0                                      14.0
Total per Shutdown (per turbine)    
    NOx, lbs                                      39.0                                      39.0
    CO, lbs                                    206.0                                    206.0
    VOC, lbs                                      17.0                                      17.0
    PM10, lbs                                        1.1  

    SO2, lbs                                        0.2  





Table 5.2A-6  Cooling Tower

Cooling Tower Particulate Emissions
# of Identical Towers: 1 Per Tower Per Cell All Towers
Operational Schedule: Hrs/day Days/Yr Hrs/Yr

11 0 1500
Pumping rate of recirculation pumps (gal/min) 5,880.0
Flow of cooling water (lbs/hr) 2,938,824.0
Avg TDS of circ water (mg/l or ppmw) 1,500.0
Flow of dissolved solids (lbs/hr) 4408.24
Fraction of flow producing drift* 1.00
Control efficiency of drift eliminators (gal drift/gal flow) 0.000030
Calculated drift rate (lbs water/hr) 88.2
PM10 emissions from tower (lbs/hr) 0.132 0.044 0.132
PM10 emissions from tower (tpy) 0.099 0.033 0.099
PM2.5 fraction of PM10 per CARB CEIDARS App A. 0.60
PM2.5 emissions from tower (lbs/hr) 0.079 0.026 0.079
PM2.5 emissions from tower (tpy) 0.060 0.020 0.060

Notes: 
Based on Method AP 42, Section 13.4, Jan 1995
*Technical Report  EPA-600-7-79-251a, Page 63
Effects of Pathogenic and Toxic Materials Transported Via Cooling Device Drift - Volume 1.

Cooling Tower Stack Parameters

Base Elevation 0 feet amsl
Number of Cells 3
Length of Cooling Tower 0.00 feet
Width of Cooling Tower 0.00 feet
Height of Cooling Tower (to fan deck) 0.00 feet agl
Cell Release Height (fan shroud exit) 0.00 feet agl
Flow/Fan Discharge for each Cell 0 ACFM
Inlet air temperature (ambient): variable deg F
Discharge air temperature: variable deg F



Table 5.2A-7
Calculation of Hazardous and Toxic Pollutant Emissions from Cooling Tower

Op Hrs/Day: 11
Cells per Tower: 3 88.2 lbs/hr Op Hrs/Yr: 1500
# of Identical Towers: 1 of Concentration: 3

Constituent
Concentration in Cooling 

Tower Water
Emissions, 

lb/hr
Emissions,   

lb/day
Emissions, 

ton/yr
Emissions, 

lb/hr
Emissions,   

lb/day
Emissions,   

ton/yr
Emissions, 

lb/hr
Emissions,   

lb/day
Emissions,   

ton/yr

Manganese 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Magnesium 91 ppm 2.41E-02 2.65E-01 1.81E-02 8.03E-03 8.83E-02 6.02E-03 2.41E-02 2.65E-01 1.81E-02
Lead 0.0497 ppm 1.32E-05 1.45E-04 9.86E-06 4.38E-06 4.82E-05 3.29E-06 1.32E-05 1.45E-04 9.86E-06
Arsenic 0.069 ppm 1.83E-05 2.01E-04 1.37E-05 6.09E-06 6.69E-05 4.56E-06 1.83E-05 2.01E-04 1.37E-05
Aluminum 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Chromium 6 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Cadmium 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Selenium 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Zinc 0.491 ppm 1.30E-04 1.43E-03 9.74E-05 4.33E-05 4.76E-04 3.25E-05 1.30E-04 1.43E-03 9.74E-05
Mercury 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Copper 0.177 ppm 4.68E-05 5.15E-04 3.51E-05 1.56E-05 1.72E-04 1.17E-05 4.68E-05 5.15E-04 3.51E-05
Silver 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Nickel 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
* 0 ppm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Notes: (1) Water analysis data supplied by project applicant.

Total Single Tower Single Cell Total All Towers

Max Tower Drift Rate: Average Tower Cycles
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Table 5.2A-8   Aux Boiler
Calculation of Criteria Pollutant Emissions for Boilers Firing Gaseous Fuels
           Boiler Operation Mode: Normal firing mode # of Units: 1

Ops Hr/Day: 8 Worst Case     Fuel Type: Nat Gas
Ops Hr/Yr: 403

Compound
Emission 

Factor, 
lb/MMscf (1)

Maximum 
Hourly 

Emissions, 
lb/hr (2)

Maximum 
Daily 

Emissions, 
lb/day

Maximum 
Annual 

Emissions, 
lbs/yr

Annual 
Emissions, 
ton/yr (3)

Maximum 
Hourly 

Emissions, 
lb/hr

Maximum 
Daily 

Emissions, 
lb/day

Maximum 
Annual 

Emissions, 
lbs/yr

Annual 
Emissions, 

ton/yr

NOx 1.11E+01 5.50E-01 4.40E+00 2.22E+02 1.11E-01 5.50E-01 4.40E+00 2.22E+02 1.11E-01
CO 3.74E+01 1.85E+00 1.48E+01 7.46E+02 3.73E-01 1.85E+00 1.48E+01 7.46E+02 3.73E-01
VOC 2.22E+00 1.10E-01 8.80E-01 4.43E+01 2.22E-02 1.10E-01 8.80E-01 4.43E+01 2.22E-02
SOx 2.83E+00 1.40E-01 1.12E+00 5.64E+01 2.82E-02 1.40E-01 1.12E+00 5.64E+01 2.82E-02
PM10 4.61E+00 2.28E-01 1.82E+00 9.19E+01 4.60E-02 2.28E-01 1.82E+00 9.19E+01 4.60E-02
PM2.5 4.61E+00 2.28E-01 1.82E+00 9.19E+01 4.60E-02 2.28E-01 1.82E+00 9.19E+01 4.60E-02
NH3 2.22E+00 1.10E-01 8.80E-01 4.43E+01 2.22E-02 1.10E-01 8.80E-01 4.43E+01 2.22E-02

lbs/mmbtu
CO2 1.17E+02 5.92E+03 4.73E+04 2.38E+06 1.19E+03 5.92E+03 4.73E+04 2.38E+06 1.19E+03
Methane 1.30E-02 6.58E-01 5.26E+00 2.65E+02 1.33E-01 6.58E-01 5.26E+00 2.65E+02 1.33E-01
N2O 2.21E-04 1.12E-02 8.93E-02 4.50E+00 2.25E-03 1.12E-02 8.93E-02 4.50E+00 2.25E-03
CO2e 1.20E+03

Notes: (1) natural gas criteria pollutant EF factors
(2) Based on maximum hourly boiler fuel use of 50.6 MMBtu/hr/boiler
       and fuel HHV of 1022 Btu/scf gives 0.0495 MMscf/hr/boiler.
(3) Based on maximum annual boiler fuel use of 20,392 MMBtu/yr/boiler
       and fuel HHV of 1022 Btu/scf gives 19.9528 MMscf/yr/boiler.
(4) LNBs with SCR and CO Cat
(5) PM2.5 = PM10

Refs: (1) EFs from Radback Energy
(2) GHG EFs from CCAR General Protocol, June 2006.

Calculation of Criteria Pollutant Emissions from Each Identical Unit
All Units
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Table 5.2A-9   Aux Boiler 
Calculation of Noncriteria Pollutant Emissions for Boilers Firing Gaseous Fuels
           Boiler Operation Mode: Normal firing mode # of Units: 1

Ops Hr/Day: 8 Worst Case     Fuel Type: Nat Gas
Ops Hr/Yr: 403

Compound
Emission 

Factor, 
lb/MMscf (1)

Maximum 
Hourly 

Emissions, 
lb/hr (2)

Maximum 
Daily 

Emissions, 
lb/day

Maximum 
Annual 

Emissions, 
lbs/yr

Annual 
Emissions, 
ton/yr (3)

Maximum 
Hourly 

Emissions, 
lb/hr

Maximum 
Daily 

Emissions, 
lb/day

Maximum 
Annual 

Emissions, 
lbs/yr

Annual 
Emissions, 

ton/yr

Acetaldehyde 4.61E-03 2.28E-04 1.83E-03 9.20E-02 4.60E-05 2.28E-04 1.83E-03 9.20E-02 4.60E-05
Acrolein 4.51E-03 2.23E-04 1.79E-03 9.00E-02 4.50E-05 2.23E-04 1.79E-03 9.00E-02 4.50E-05
Ammonia (5) 1.10E-01 8.80E-01 4.43E+01 2.22E-02 1.10E-01 8.80E-01 4.43E+01 2.22E-02
Benzene 2.43E-03 1.20E-04 9.62E-04 4.85E-02 2.42E-05 1.20E-04 9.62E-04 4.85E-02 2.42E-05
1,3-Butadiene 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Ethylbenzene 2.25E-03 1.11E-04 8.91E-04 4.49E-02 2.24E-05 1.11E-04 8.91E-04 4.49E-02 2.24E-05
Formaldehyde 4.75E-03 2.35E-04 1.88E-03 9.48E-02 4.74E-05 2.35E-04 1.88E-03 9.48E-02 4.74E-05
Hexane 6.30E-03 3.12E-04 2.50E-03 1.26E-01 6.29E-05 3.12E-04 2.50E-03 1.26E-01 6.29E-05
Naphthalene 2.37E-04 1.17E-05 9.39E-05 4.73E-03 2.36E-06 1.17E-05 9.39E-05 4.73E-03 2.36E-06
PAHs (4) 8.10E-05 4.01E-06 3.21E-05 1.62E-03 8.08E-07 4.01E-06 3.21E-05 1.62E-03 8.08E-07
Propylene 4.63E-01 2.29E-02 1.83E-01 9.24E+00 4.62E-03 2.29E-02 1.83E-01 9.24E+00 4.62E-03
Propylene oxide 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Toluene 3.23E-02 1.60E-03 1.28E-02 6.44E-01 3.22E-04 1.60E-03 1.28E-02 6.44E-01 3.22E-04
Xylene 1.87E-02 9.26E-04 7.41E-03 3.73E-01 1.87E-04 9.26E-04 7.41E-03 3.73E-01 1.87E-04

0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Notes: (1) natural gas HAPs emission factors
(2) Based on maximum hourly boiler fuel use of 50.6 MMBtu/hr/boiler
       and fuel HHV of 1022 Btu/scf gives 0.0495 MMscf/hr/boiler.
(3) Based on maximum annual boiler fuel use of 20,392 MMBtu/yr/boiler
       and fuel HHV of 1022 Btu/scf gives 19.9528 MMscf/yr/boiler.
(4) Polycyclic aromatic hydrocarbons, excluding naphthalene (treated separately).
(5) LNBs with SCR and CO Cat

Refs: CARB Catef Database, Heater, NG, SCC 31000404
SDAPCD, B17, Toxics Efs Database

Calculation of Noncriteria Pollutant Emissions from Each Identical Unit
All Units







Table 5.2A-12   EXPECTED INTERNAL COMBUSTION ENGINE EMISSIONS
Liquid Fuel # of Identical Engines: 1
Emergency Fire Pump
Mfg: Clarke
Engine #: JW6H-UFAD80 Height: 16 Ft.
Kw 0 approx. Diameter: 0.67 Ft.
BHP: 400 Temp: 826 deg F
RPM: - ACFM: 2214
Fuel: #2 Diesel input the mfg ACFM or calculate per Exhaust sheet)

Fuel Use: 20 Gph (1) Area: 0.353 Sq.Ft.
FuelHHV: 139000 Btu/gal Velocity: 105 Ft/Sec
mmbtu/hr: 2.78 HHV Max Daily Op Hrs: 1
EPA/CARB Tier #: 3 Max Annual Op Hrs: 50

Fuel Wt: 7 Lbs/gal
Fuel S: 0.0015 % wt.
Fuel S: 0.105 Lbs/1000 gal
SO2: 0.21 Lbs/1000 gal

EFs (g/bhp-hr) Lb/Hr Lb/Day Lbs/Yr Tons/Yr Lb/Hr Lb/Day Lbs/Yr Tons/Yr
NOx 2.61 2.30 2.30 114.98 0.057 2.30 2.30 114.98 0.06
CO 0.84 0.74 0.74 37.00 0.019 0.74 0.74 37.00 0.02
VOC 0.104 0.09 0.09 4.58 0.002 0.09 0.09 4.58 0.002
PM10 0.103 0.09 0.09 4.54 0.002 0.09 0.09 4.54 0.002
SOx NA 0.0042 0.0042 0.21 0.0001 0.0042 0.0042 0.21 0.0001

lbs/gal
CO2 22.38 448 448 22380 11 448 448 22380 11
Methane 0.0003 0.01 0.01 0.30 0.000 0.01 0.01 0.30 0.000
N2O 0.0001 0.00 0.00 0.10 0.0001 0.00 0.00 0.10 0.0001
CO2e 11.2 11.2

Notes:
1. fuel consumption based on 0.055 gal/hp-hr (avg EPA and SCAQMD values)
    if no value given by mfg for specific engine.
2. PM10 equals PM2.5.
3. PM10 used in HRA to represent DPM emissions.
4. GHG EFs from CCAR General Protocol, June 2006.

Stack Data 

Single Engine All Engines



Typical Diesel Fuel Analysis Data

Support for Table 5.1A-12

Carbon % 85.86
Hydrogen % 13.35
Oxygen % 0.65
Nitrogen % 0.097
Sulfur % 0.047
Ash % 0.01

Btu/lb

Value used: 19857 Btu/lb

Ref: Avg of fuel samples from AB2588 fuel tests.
South Coast AQMD

19100-20572
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