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D AIR QUALITY EMISSIONS CALCULATIONS 

This appendix discusses emission factors, 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 OPERATIONS EMISSIONS 

Surface operations are activities associated with vessel movements. Training and testing activities use a 
variety of marine vessels, including cruisers, destroyers, frigates, carriers, submarines, amphibious 
vessels, and small boats. These vessels use a variety of propulsion methods, including marine outboard 
engines, diesel engines, and gas turbines. 

Marine Outboard Engines: 

The United States Environmental Protection Agency (USEPA) has published emissions factors for air 
pollutants produced by several types of two-stroke and four-stroke outboard engines. The most 
conservative emission factors for two-stroke engines of various horsepower are presented in Table 
D.1-1. 

Table D.1-1: Emission Factors for Two Stroke Engines 

USEPA Outboard Engine Emissions Factors (grams/hp-hr.) 

NOx CO VOC SOx 

0.018 0.63 0.25 0.00108 

Notes: CO = carbon monoxide, hp = horsepower, hr. = hour, NOx = nitrogen oxides, SOx = sulfur oxides, USEPA = United States 
Environmental Protection Agency, VOC = volatile organic compounds 

Source: USEPA 1999, Exhaust Emissions Factors for Non-Road Engine Modeling-Spark Ignition. Report No. NR-010b; Office of 
Mobile Sources, Assessment and Modeling Division, EPA-R-99-009. 

Emissions for surface craft using outboard engines were calculated using USEPA AP-42 factors, and 
multiplied by the engine horsepower and hours of operation. 

Emissions = HP×HR/YR×EF×ENG 

Where: 

Emissions = surface craft emissions 
HP = horsepower (reflective of a particular load factor/engine power setting) 
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: 

Limited data were available for large marine diesel engines. Therefore, USEPA AP-42 emissions factors 
for industrial reciprocating engines were used to calculate diesel engine emissions. Other sources of 
vessel emissions factors were previous United States Department of the Navy (Navy) Environmental 
Impact Statement (EIS)/Overseas EIS (OEIS) documents (citing JJMA 2001). Diesel was assumed to be the 
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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 = HP×HR/YR×EF×ENG 

Where: 

Emissions = surface craft emissions 
HP = horsepower (reflective of a particular load factor/engine power setting) 
HR/YR = hours per year 
EF = emission factor for specific engine type 
ENG = number of engines 

Diesel engine emission factors were multiplied by the engine horsepower and annual hours of operation 
to calculate the pollutant emissions per year. 

D.2 AIR OPERATIONS EMISSIONS 

Training and testing consists of the activities of various aircraft, including the F/A-18, P-3, SH-60B and 
other military aircraft. Aircraft operations of concern are those that occur from ground level up to 
3,000 feet (ft.) (914 meters [m]) above ground level (AGL). The 3,000 ft. (914 m) 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 
pollutant emissions from aircraft generated above 3,000 ft. (914 m) AGL are excluded from analysis for 
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 EIS/OEIS, emission factors for most military engines were obtained from Navy’s Aircraft 
Environmental Support Office (AESO) memoranda and previous Navy EIS/OEIS documentation (primarily 
citing the Federal Aviation Administration’s Emissions and Dispersion Modeling [EDMS] model). For 
those aircraft for which engine data were unavailable, an applicable surrogate was used. Table D.2-1 is 
an example of emission factors for the aircraft engines. The table lists the various engine power modes, 
time in each mode, fuel flow, and corresponding pollutant emission factors. 
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Table D.2-1: Emission Factors for Military Aircraft 

Aircraft 
Type 

Engine 
Model 

Number 
of 

Engines 

Time in  
Mode*, 
hours 

Fuel Flow, 
lb./hr./engine 

Emission Factors, 
lb./1,000 gallons (gal.) of fuel 

CO NOx VOC SOx PM 

EA-6B J52-P-408A (2) 2 3.2 3,195 7.99 5.71 1.09 0.40 12.20 

FA-18E/F F414-GE-400 (2) 2 38.4 5,169 0.72 14.75 0.12 0.40 6.56 

P-3 T56-A-14 (4) 4 2.4 1,200 1.82 8.43 0.41 0.40 3.97 

SH-60B T700-GE-401C 
(2) 

2 120 600 6.25 6.40 0.55 0.40 4.20 

*Time in Mode = time operating below 3,000 ft. during a Joint Expeditionary Exercise 

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 FROM VEHICLES AND OTHER EQUIPMENT 

Available emissions factors (AP-42, Compilation of Air Pollutant Emission Factors and other sources) 
were used. These factors were then multiplied by the fuel usage for the vehicle or the equipment. 

Emissions = EF x fuel usage 

Where: 

Emissions = vehicle/equipment emissions 
Fuel usage = lb./year 
EF = emissions factor 

D.5 EMISSIONS ESTIMATES SPREADSHEETS 

Tables D.5-1 to D.5-22 presented after the Record of Non-Applicability contain the emission factors and 
the emissions calculations for aircraft, vessels, ordnance, vehicles and other equipment for training and 
testing. The emissions are provided in total as well as by geographical jurisdiction (onshore and within 
state waters, federal waters, and beyond federal waters) for surface vessels and aircraft. Table D.5-23 
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presents the emissions from activities that will occur in Guam’s sulfur oxide non-attainment areas, 
which are also included for purposes of the conformity analysis. 

D.6  RECORD OF NON-APPLICABILITY 

The following are the Record of Non-Applicability memorandum (Figure D.6-1), the Navy Record of 
Non-Applicability (Figure D.6-2) and the Conformity Analysis (Figure D.6-3). The conformity analysis is 
included in Section 3.2, Air Quality. 

 

MEMORANDUM FOR THE RECORD 

From: Commander, U.S. Pacific Fleet 

Subj: Applicability Analyses for Mariana Islands Training and Testing (MITT) Environmental Impact 
Statement/Overseas Environmental Impact Statement – Military Readiness Activities in Waters of the 
Territory of Guam 

Ref:  (a) 40 CFR, Part 93, Subpart B: Determining Conformity of General Federal Actions to State or 
Federal Implementation Plans 

Encl:  (1) Record of Non-Applicability for Mariana Islands Training and Testing Activities in Waters of 
the Territory of Guam;  

(2) Conformity Analyses for Preferred Alternative in Waters of the Territory of Guam 

1. Enclosure (1) is a Record of Non-Applicability for those activities associated with Pacific Fleet 
training and testing activities that are expected to occur annually in waters of the Territory of Guam. SOx 
emissions of the Preferred Alternative are included in Enclosure (2). Comparison of the calculated values 
in Enclosure 2 with those in 40 C.F.R. 93.153(b) show that this project is below the de minimis levels. 

2. If there are any questions or if additional information is needed, please call John VanName at (808) 
471-1714. 

  

Figure D.6-1: Record of Non-Applicability Memorandum 
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Figure D.6-2: Record of Non-Applicability Form
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Subject: Conformity Analysis for Navy Training and Testing 

The Proposed Action falls under the Record of Non-Availability (RONA) category pursuant to 40 Code of 
Federal Regulations (CFR) Parts 52 and 93, and the basis for exemption from conformity requirements is 
documented with this RONA. 

The MITT EIS/OEIS has been prepared to assess current and future training and testing activities. The 
Study Area includes the waters of the Territory of Guam. The training and testing activities generally will 
involve a variety of boats and other watercraft. Aircraft overflights and vessel operations during portions 
of anti-submarine warfare and anti-surface warfare training and testing events would occur within the 
waters of the Territory of Guam. 

Table 1 lists the emission sources, their engines, and their fuels that will operate in the non-attainment 
areas of Guam. This and other engine information were used to calculate the potential emissions of 
sulfur oxides. 

Table 1: List of Emission Sources, Engines, and Fuels 

Boat or Source Fuel 
Number of Engines and 

Engine Size 

Cruiser Distillate Oil Four – 33,600 hp 

Amphibious assault ship Distillate Oil Two boilers, two turbines – 
70,000 hp total 

Amphibious transport dock Distillate Oil Two boilers, two turbines – 
24,000 hp total 

Guided missile frigate Distillate Oil Two – 41,000 hp total 

Landing craft – utility Distillate Oil Two – 680 hp 

Landing craft – air cushioned Distillate Oil Four – 16,000 hp total 

Rigid hull inflatable boat Gasoline Two – 300 hp 

Combat rubber raiding craft Gasoline One – 55 hp 

CH-46 Jet Fuel Two – 1870 hp 

CH-53 Jet Fuel Two – 3925 hp 

MH-53 Jet Fuel Three – 4380 hp 

MV-22 Jet Fuel Two – 6150 hp 

UH-1 Jet Fuel One – 1,100 hp 

AH-1 Jet Fuel Two – 1690 hp 

AV-8 Jet Fuel One – 23,500 pound force 

AV-8B Jet Fuel One – 23,500 pound force 

H-60 Jet Fuel Two – 1890 hp 

SH-60B Jet Fuel Two – 1890 hp 

C-130 Jet Fuel Four – 4590 hp 

MQ-4C Jet Fuel One – 8,917 pound force 

Light armored vehicle Distillate Oil One – 19.5 hp 

Assault Amphibious Vehicle Distillate Oil One – 400 hp 

High Mobility Multi-Purpose Wheeled Vehicle Distillate Oil One – 190 hp 

Truck Distillate Oil One – 170 hp 

Dozer Distillate Oil One – 420 hp 

Forklift Distillate Oil One – 120 hp 

Generator Distillate Oil One – 120 hp 

Reverse Osmosis Water Purification Unit Distillate Oil One – 120 hp 
Note: hp = horsepower 

Enclosure 2 

 
Figure D.6-3: Conformity Analysis
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In addition to the engine information for each vessel, the annual hours of operation for each vessel was 
needed to estimate the emissions of SOx. Using the engine and fuel information and proposed hours of 
operation, the appropriate emission factors were identified from various U.S. Environmental Protection 
Agency documents for marine engines. These documents included: 

1. Draft Regulatory Impact Analysis: Control of Emissions of Air Pollution from Locomotive Engines 
and Marine Compression-Ignition Engines Less than 30 Liters per Cylinder, EPA420-D-007-001, 
March 2007. 

2. USEPA Memorandum, “Emission Factors for Recreational Marine Diesel Engines,” EPA Doc No. 
EPA420-F-02-044, dated 09 September 2002. 

3. Exhaust and Crankcase Emission Factors for Nonroad Engine Modeling – Compression-Ignition 
EPA 420-P-04-009. April 2004. 

4. “Conversion Factors for Hydrocarbon Emission Components” EPA420-R-05-015. December 2005, 
NR-002c. 

For each source, the appropriate emission factor is multiplied by the period of use and the engine size to 
estimate emissions. Similar methods were applied to calculate aircraft emissions. The emissions of sulfur 
oxides from all sources were added. Appendix D of the EIS/OEIS contains the information from which 
these emissions estimates were calculated. The emissions estimates for sulfur oxides for each 
alternative are provided in Table 2 below. 

Table 2: Emissions Estimates for the Preferred Alternative for Training and Testing Activities in the  
Non-Attainment Areas of Guam 

Estimated Annual Air Pollutant Emissions in the Study Area (within 3 nm), Alternative 1 

Emissions by Air Pollutant (TPY) 

  SOx  

              
No Action Alternative  172  

Alternative 1     

Aircraft  9  

Vessels   254  

Ordnance  0  

Other  0  

Alternative 1 Total  263  

Change  91  

De Minimis Threshold  100  

Exceeds Threshold?  No  

Enclosure 2 (continued) 

Figure D.6-3: Conformity Analysis (continued) 
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