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APPENDIX D AIR QUALITY EMISSIONS CALCULATIONS 
This appendix discusses emission factor development, calculations, and assumptions used in the air 
quality analyses presented in the Air Quality section of Chapter 3 (see Section 3.2). 

D.1 SURFACE ACTIVITIES EMISSIONS 
Surface activities are associated with vessel movements. Fleet training activities use a variety of marine 
vessels, including cruisers, destroyers, frigates, carriers, submarines, amphibious vessels, and small 
boats. Testing activities use a variety of marine vessels, including various testing support vessels, work 
boats, torpedo recovery vessels, unmanned surface vehicles, and small boats. These vessels use a 
variety of propulsion methods, including marine outboard engines, diesel engines, and gas turbines. 

Marine Outboard Engines: 

Emission factors for small surface craft involved in amphibious training and testing activities were 
obtained from the Navy and Military Sealift Command (MSC) Marine Engine Fuel Consumption & 
Emission Calculator database. Emissions for surface craft using outboard engines were calculated using 
Navy and MSC emission factors which are provided in terms of emissions per hour, and multiplied by the 
hours of operation. 

Emissions = HR/YR×EF×ENG 

Where: 

Emissions = surface craft emissions 
HR/YR = hours per year 
EF = emission factor for specific engine type 
ENG = number of engines 

To obtain the total criteria pollutant emissions for the Proposed Action, emissions were calculated for 
each training or testing activity, type of surface vessel, and criteria pollutant. These individual estimates 
of emissions, in units of tons per year, were then summed by criteria pollutant to obtain the aggregate 
emissions for surface vessel emissions activities. 

Diesel Engines: 

Emission factors for small surface craft involved in amphibious training and testing activities were 
obtained from the Navy and MSC Marine Engine Fuel Consumption & Emission Calculator database. 
Diesel was assumed to be the primary fuel to ensure a conservative estimate. Calculation methods 
similar to those described for Marine Outboard Engines were used to obtain emissions estimates for 
diesel engines. 

Emissions = HR/YR×EF×ENG 

Where: 

Emissions = surface craft emissions 
HR/YR = hours per year 
EF = emission factor for specific engine type 
ENG = number of engines 

Diesel engine emission factors were multiplied by the annual hours of operation to calculate the 
pollutant emissions per year. 
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D.2 AIR ACTIVITIES EMISSIONS 
Fleet training and Naval Air Systems Command testing consists of the activities of various aircraft, 
including the F/A-18, P-8, SH-60B, MH-53, MH-60S, and Lear jet. Research Development Testing & 
Evaluation air activities consist of various aircraft, including the 1UH-1N, SH-60B, MH-53, MH-60S, and 
Cessna-172. Aircraft activities of concern are those that occur from ground level up to 3,000 feet (ft.) 
above ground level (AGL). The 3,000 ft. AGL ceiling was assumed to be the atmospheric mixing height 
above which any pollutant generated would not contribute to increased pollutant concentrations at 
ground level (known as the mixing zone). All criteria pollutant emissions from aircraft generated above 
3,000 ft. AGL are excluded from analysis of compliance with National Ambient Air Quality Standards. The 
pollutant emission rate is a function of the aircraft engine’s fuel flow rate and efficiency. Emissions for 
one complete training activity for a particular aircraft are calculated by knowing the specific engine 
pollutant emission factors for each mode of operation. 

For this Supplemental Environmental Impact Statement (SEIS)/Overseas EIS (OEIS), emission factors for 
most military engines were obtained from Navy’s Aircraft Environmental Support Office memoranda and 
previous Navy EIS/OEIS documentation (primarily citing the Federal Aviation Administration’s Emissions 
and Dispersion Modeling System model). For those aircraft for which engine data were unavailable, an 
applicable surrogate was used. Pollutant emissions for each aircraft/organization were calculated by 
applying the equation below. 

Emissions = TIM×FF×EF×ENG×CF 

Where: 

Emissions = aircraft emissions (pounds [lb.]) (for EF in lb./1,000 gallons [gal.] fuel) 
TIM = time-in-mode at a specified power setting (hours [hr.]/operation). 
FF = fuel flow at a specified power setting (gal./hr./engine) 
EF = emission factor for specific engine type and power setting (lb./1,000 gal. of fuel used) 
ENG = number of engines on aircraft 
CF = conversion factor (0.001) 

D.3 ORDNANCE AND MUNITIONS EMISSIONS 
Available emissions factors (AP-42, Compilation of Air Pollutant Emission Factors) were used. These 
factors were then multiplied by the net weight of the explosive and the number of items that were used 
per year. This calculation provides estimates of annual emissions. 

Emissions = EXP/YR×EF×Net Wt 

Where: 

Emissions = ordnance emissions 
EXP/YR = explosives, propellants, and pyrotechnics used per year 
EF = emissions factor 
Net Wt = net weight of explosive 

D.4 EMISSIONS ESTIMATES SPREADSHEETS 
The following spreadsheets show the emissions calculations for ships, aircraft, and ordnance involved in 
training and testing activities. These spreadsheets were developed for each range complex and testing 
area. The spreadsheets show the calculations developed for each alternative analyzed in this SEIS/OEIS. 
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Table D-1: Summary of Emissions Released within 3 NM of the Coast 

  

Source 
Emissions by Air Pollutant (TPY) 

CO NOX VOC SOX PM10 PM2.5 

Baseline Emissions 211 482 121 296 103 92 

Alternative 1 Emissions 476 554 169 312 131 119 

Alternative 2 Emissions 479 555 169 312 132 120 
1 Table includes criteria pollutant precursors (e.g., volatile organic compounds). Individual values may not add 
exactly to total values due to rounding. 
Notes: NM = nautical miles, CO = carbon monoxide, NOX = nitrogen oxides, PM2.5 = particulate matter ≤ 2.5 
microns in diameter, PM10 = particulate matter≤ 10 microns in diameter, SOX = sulfur oxides, TPY = tons per year, 
VOC = volatile organic compounds  
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Table D-2: Vessel Emissions Factors 
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Table D-3: Aircraft Emissions Factors 

 

CO NOx VOC SOx PM CO NOx VOC SOx PM
AH-1W 11.21 5.44 0.57 0.40 4.20 9.10 4.42 0.46 0.32 3.41
AV-8B 7.70 8.60 0.54 0.40 3.80 46.20 51.60 3.24 2.40 22.80
C-130 F/R/T 2.07 8.16 0.47 0.40 3.97 9.32 36.72 2.12 1.80 17.87
CH-46 17.04 4.12 2.64 0.40 1.78 20.45 4.94 3.17 0.48 2.14
CH-53 2.13 8.08 0.15 0.40 2.21 9.51 36.07 0.67 1.79 9.87
E-2 / E-2C 2.54 10.04 0.36 0.40 0.94 5.59 22.09 0.79 0.88 2.07
EA-18G 0.72 14.75 0.12 0.40 6.56 7.44 152.49 1.24 4.14 67.82
EA-6B 7.99 5.71 1.09 0.40 12.12 51.06 36.49 6.97 2.56 77.45
EP-3 2.51 7.73 0.58 0.40 3.97 10.57 32.56 2.44 1.68 16.72
F-15 3.62 46.72 0.65 0.40 8.15 22.43 289.48 4.03 2.48 50.50
FA-18A/C 2.44 6.74 0.44 0.40 6.36 16.19 44.73 2.92 2.65 42.20
FA-18E/F 0.72 14.75 0.12 0.40 6.56 7.44 152.49 1.24 4.14 67.82
HH-60 6.25 6.40 0.55 0.40 4.20 7.50 7.68 0.66 0.48 5.04
Learjet 22.38 5.90 4.26 0.40 1.27 23.81 6.28 4.53 0.43 1.35
MH-60R/S 6.25 6.40 0.55 0.40 4.20 7.50 7.68 0.66 0.48 5.04
P-3C 2.51 7.73 0.58 0.40 3.97 12.05 37.10 2.78 1.92 19.06
P-8 MMA 1.24 9.26 0.28 0.40 0.56 4.05 30.21 0.91 1.31 1.83
S-3 14.10 4.07 1.86 0.40 3.62 32.29 9.32 4.26 0.92 8.29
S-3B 14.10 4.07 1.86 0.40 3.62 32.29 9.32 4.26 0.92 8.29
SH-60 6.25 6.40 0.55 0.40 4.20 7.50 7.68 0.66 0.48 5.04
SH-60B 6.25 6.40 0.55 0.40 4.20 7.50 7.68 0.66 0.48 5.04
SH-60B/F 6.25 6.40 0.55 0.40 4.20 7.50 7.68 0.66 0.48 5.04
SH-60F 6.25 6.40 0.55 0.40 4.20 7.50 7.68 0.66 0.48 5.04
UH-1N 3.34 4.72 0.17 0.40 4.20 1.80 2.55 0.09 0.22 2.27

A-10 4 8.83 0.4 0.4 2.67 12.104 26.71958 1.2104 1.2104 8.07942
B-1B 0.84 13.12 0.11 0.4 0.14 5.5776 87.1168 0.7304 2.656 0.9296
E-2 0.65 10.45 0.16 0.4 3.97 2.8847 46.3771 0.71008 1.7752 17.61886
E-3 2.07 8.45 0.31 0.4 0.26 67.65588 276.1798 10.13204 13.0736 8.49784
KC-135 1.34 13.5 0.03 0.4 0.13 30.66992 308.988 0.68664 9.1552 2.97544
MQ-4C 2.1 38.84 0.66 3.54 0.61
MV-22 19.74 3.94 3.43 0.40 1.78 22.1088 4.4128 3.8416 0.448 1.9936

Aircraft 
Emission Indices, lb/1,000 lb fuel Emissions Factors (lb/hr)
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Table D-4: Ordnance Emissions Factors 

 



Mariana Islands Training and Testing 
Draft Supplemental EIS/OEIS January 2019 

D-7 
Appendix D Air Quality Emissions Calculations 

Table D-4: Ordnance Emissions Factors (continued) 

 



Mariana Islands Training and Testing 
Draft Supplemental EIS/OEIS January 2019 

D-8 
Appendix D Air Quality Emissions Calculations 

Table D-4: Ordnance Emissions Factors (continued) 
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Table D-4: Ordnance Emissions Factors (continued) 
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Table D-4: Ordnance Emissions Factors (continued) 
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Table D-5: Vessel Emissions – No Action Alternative 

   



Mariana Islands Training and Testing  
Draft Supplemental EIS/OEIS January 2019 

D-12 
Appendix D Air Quality Emissions Calculations 

Table D-5: Vessel Emissions – No Action Alternative (continued) 
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Table D-5: Vessel Emissions – No Action Alternative (continued) 
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Table D-5: Vessel Emissions – No Action Alternative (continued) 
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Table D-6: Aircraft Emissions – No Action Alternative 
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Table D-6: Aircraft Emissions – No Action Alternative (continued) 
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Table D-6: Aircraft Emissions – No Action Alternative (continued) 
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Table D-6: Aircraft Emissions – No Action Alternative (continued) 

)   
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Table D-6: Aircraft Emissions – No Action Alternative (continued) 
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Table D-7: Emissions from Ordnance – No Action Alternative 
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Table D-8: Vessel Emissions – Alternative 1 
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Table D-8: Vessel Emissions – Alternative 1 (continued) 
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Table D-8: Vessel Emissions – Alternative 1 (continued) 
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Table D-8: Vessel Emissions – Alternative 1 (continued) 
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Table D-8: Vessel Emissions – Alternative 1 (continued) 
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Table D-9: Aircraft Emissions – Alternative 1 
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Table D-9: Aircraft Emissions – Alternative 1 (continued) 
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Table D-9: Aircraft Emissions – Alternative 1 (continued) 
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Table D-9: Aircraft Emissions – Alternative 1 (continued) 
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Table D-9: Aircraft Emissions – Alternative 1 (continued) 
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Table D-10: Emissions from Ordnance – Alternative 1 
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Table D-11: Vessel Emissions – Alternative 2 
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Table D-11: Vessel Emissions – Alternative 2 (continued) 
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Table D-11: Vessel Emissions – Alternative 2 (continued) 
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Table D-11: Vessel Emissions – Alternative 2 (continued) 
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Table D-12: Aircraft Emissions – Alternative 2 
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Table D-12: Aircraft Emissions – Alternative 2 (continued) 
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Table D-12: Aircraft Emissions – Alternative 2 (continued) 
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Table D-12: Aircraft Emissions – Alternative 2 (continued) 
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Table D-13: Emissions from Ordnance – Alternative 2 
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