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ACRONYMS, ABBREVIATIONS, AND SYMBOLS 
 

μg/m3 Micrograms Per Cubic Meter 
7SFG(A) 7th Special Forces Group (Airborne) 
ACAM Air Conformity Applicability Model 
AESO (Navy) Aircraft Environmental Support Office 
AGE Aerospace Ground Equipment 
AGL Above Ground Level 
CAA Clean Air Act 
CAS Close Air Support 
CFR Code of Federal Regulations 
CO Carbon Monoxide 
CT/COB Continuation Training/Cost of Business 
CTOL Conventional Take-Off and Landing 
CV Carrier-Based Variant 
CY Calendar Year 
EAC Early Action Compact 
ETS/CEM Emission Tracking System/Continuous Emissions Monitoring 
FDEP Florida Department of Environmental Protection 
FRIES Fast Rope Insertion/Extraction System 
GBU Guided Bomb Unit 
HAP Hazardous Air Pollutant 
IJTS Integrated Joint Training Site 
JSF Joint Strike Fighter 
lb Pounds 
LTO Landing and Takeoff 
mg/m³ Milligrams per cubic Meter 
MJU Munitions Countermeasures Unit 
mm Millimeter 
NAAQS National Ambient Air Quality Standards 
NEI National Emissions Inventory 
NEW Net Explosive Weight 
NO2 Nitrogen Dioxide 
NOx Nitrogen Oxides 
O3 Ozone 
Pb Lead 
PM2.5 Particulate Matter With a Diameter Less Than or Equal to 2.5 Microns 
PM10 Particulate Matter With a Diameter Less Than or Equal to 10 Microns 
ppm Parts per Million 
PSD Prevention of Significant Deterioration 
PTE Potential to Emit 
RAPIDS Rapid Infiltration/Exfiltration 
ROI Region of Influence 
SER Significant Emissions Rate 
SIP State Implementation Plan 
SO2 Sulfur Dioxide 
STOVL Short Take-Off Vertical Landing 
TGO Touch and Go 
TP Target Practice 
TSP Total Suspended Particulate  
USEPA U.S. Environmental Protection Agency 
VMT Volume of Miles Traveled 
VOC Volatile Organic Compounds 
yr Year 
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AIR QUALITY 
 
This appendix presents an overview of the Clean Air Act (CAA) and the state of Florida 
air quality program.  The appendix also discusses emission factor development and 
calculations, including the assumptions used for the air quality analyses presented in 
the Air Quality sections. 
 
Air Quality Program Overview 
 
In order to protect public health and welfare, the U.S. Environmental Protection Agency 
(USEPA) has developed numerical concentration-based standards, or National Ambient 
Air Quality Standards (NAAQS), for six “criteria” pollutants (based on health-related 
criteria) under the provisions of the CAA Amendments of 1970.  There are two kinds of 
NAAQS: Primary and Secondary standards.  Primary standards prescribe the 
maximum permissible concentration in the ambient air to protect public health, 
including the health of “sensitive” populations such as asthmatics, children, and the 
elderly.  Secondary standards prescribe the maximum concentration or level of air 
quality required to protect public welfare, including protection against decreased 
visibility, damage to animals, crops, vegetation, and buildings (40 Code of Federal 
Regulations [CFR] 50). 
 
The CAA gives states the authority to establish air quality rules and regulations.  These 
rules and regulations must be equivalent to, or more stringent than, the federal 
program.  The Division of Air Resource Management within the Florida Department of 
Environmental Protection (FDEP) administers the state’s air pollution control program 
under the authority of the Florida Air and Water Pollution Control Act and the 
Environmental Protection Act.   
 
Florida has adopted the NAAQS except for sulfur dioxide (SO2).  The USEPA has set the 
annual and 24-hour standards for SO2 at 0.03 parts per million (ppm) (80 micrograms 
per cubic meter [μg/m3]) and 0.14 ppm (365 μg/m3), respectively.  Florida has adopted 
the more stringent annual and 24-hour standards of 0.02 ppm (60 μg/m3) and 0.1 ppm 
(260 μg/m3), respectively.  In addition, Florida has adopted the national secondary 
standard of 0.50 ppm (1,300 μg/m3).  Federal and state of Florida ambient air quality 
standards are presented in Table D-1. 
 
Based on measured ambient air pollutant concentrations, the USEPA designates areas of 
the United States as having air quality better than (attainment) the NAAQS, worse than 
(nonattainment) the NAAQS, and unclassifiable.  The areas that cannot be classified (on 
the basis of available information) as meeting or not meeting the NAAQS for a 
particular pollutant are “unclassifiable” and are treated as attainment until proven 
otherwise.  Attainment areas can be further classified as “maintenance” areas, which are 
areas previously classified as nonattainment but where air pollutant concentrations 
have been successfully reduced to below the standard.  Maintenance areas are under 
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special maintenance plans and must operate under some of the nonattainment area 
plans to ensure compliance with the NAAQS.  All areas of the state are in compliance 
with the NAAQS.   
 
A general conformity analysis is required if (1) the action’s direct and indirect emissions 
have a potential to emit (PTE) one or more of the six criteria pollutants at or above 
emission rates shown in Table D-2 or Table D-3, or (2) the action’s direct and indirect 
emissions of any criteria pollutant represent 10 percent of a nonattainment or 
maintenance area’s total emissions inventory for that pollutant.   
 

Table D-1.  Summary of National and State Ambient Air Quality Standards 

Criteria Pollutant Averaging 
Time 

Federal Primary 
NAAQS(8) 

Federal Secondary 
NAAQS (8) 

Florida 
Standards 

Carbon Monoxide (CO) 8-hour(1) 9 ppm No standard 9 ppm  
    (10 mg/m3)   (10 μg/m3) 
  1-hour(1) 35 ppm  No standard 35 ppm  
    (40 mg/m3)   (40 μg/m3) 
Lead (Pb) Quarterly 1.5 μg/m3 1.5 μg/m3 1.5 μg/m3 
Nitrogen Dioxide (NO2) Annual 0.053 ppm 0.053 ppm 0.053 ppm 
    (100 μg/m3) (100 μg/m3) (100 μg/m3) 

Annual(2) Revoked Revoked 50 μg/m3 Particulate Matter <10 
Micrometers (PM10) 24-hour(3) 150 μg/m3 150 μg/m3 150 μg/m3 

Annual(4) 15 μg/m3 15 μg/m3 15 μg/m3 Particulate Matter <2.5 
Micrometers (PM2.5) 24-hour(5) 35μg/m3 35 μg/m3 65 μg/m3 
Ozone (O3) 1-hour(7) 0.12 ppm 0.12 ppm 0.12 ppm 
    (235 μg/m3) (235 μg/m3) (235 μg/m3) 
  8-hour(6) 0.08 ppm 0.08 ppm   
    (157 μg/m3) (157 μg/m3)   
Sulfur Dioxide  (SO2) Annual 0.03 ppm No standard 0.02 ppm 
    (80 μg/m3)   (60 μg/m3) 
  24-hour(1) 0.14 ppm No standard 0.10 ppm 
    (365 μg/m3)   (260 μg/m3) 
  3-hour(1) No standard 0.50 ppm 0.50 ppm 
      (1300 μg/m3) (1300 μg/m3) 
Sources: USEPA, 2006a (Federal Standards); FDEP, 2006 (Florida Standards) 
ppm = parts per million; mg/m³ = milligrams per cubic meter; μg/m³ = micrograms per cubic meter 
(1) Not to be exceeded more than once per year. 
(2) Due to lack of evidence linking health problems to long-term exposure to coarse particle pollution, the agency 

revoked the annual PM10  standard in 2006 (effective 17 December 2006). 
(3) Not to be exceeded more than once per year on average over 3 years. 
(4) To attain this standard, the 3-year average of the weighted annual mean PM2.5 concentrations from single or 

multiple community-oriented monitors must not exceed 15.0 μg/m³. 
(5) To attain this standard, the 3-year average of the 98th percentile of 24-hour concentrations at each community-

oriented monitor within an area must not exceed 35 mg/m³ (effective 17 December 2006). 
(6) To attain this standard, the 3-year average of the fourth-highest daily maximum 8-hour average ozone 

concentrations measured at each monitor within an area over each year must not exceed 0.08 ppm. 
(7) (a) The standard is attained when the expected number of days per calendar year with maximum hourly 

average concentrations above 0.12 ppm is < 1; (b) As of 15 June 2005, the USEPA revoked the 1-hour ozone 
standard in all areas except the fourteen 8-hour ozone nonattainment Early Action Compact (EAC) Areas.  

(8) Concentration expressed first in the units in which it was promulgated.  Equivalent units given in parentheses 
are based upon a reference temperature of 25° Celcius and a reference pressure of 760 millimeters of mercury; 
ppm refers to parts per million by volume. 
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Table D-2.  Emission Rates for Criteria Pollutants in Nonattainment Areas* 

Pollutant Emission Rate  
(tons/year) 

Ozone (Volatile Organic Compounds [VOCs] or NOx) 
 Serious nonattainment areas 50 
 Severe nonattainment areas 25 
 Extreme nonattainment areas 10 
 Other ozone nonattainment areas outside an ozone transport region 100 
Marginal and moderate nonattainment areas inside an ozone transport region 
 VOC 50 
 NOx 100 
CO: All nonattainment areas 100 
SO2 or NO2: All nonattainment areas 100 
PM10 
  Moderate nonattainment areas 100 
 Serious nonattainment areas 70 
PM2.5 
 Direct emissions 100 
 SO2 100 
 NOx (unless determined not to be a significant precursor) 100 
  VOC or ammonia (if determined to be significant precursors) 100 
Pb: All nonattainment areas 25 

Source:  USEPA, 2006c 
NOx = Nitrogen Oxides  (Includes all nitrogen oxide compounds) 
*De minimus threshold levels for conformity applicability analysis. 
 

Table D-3.  Emission Rates for Criteria Pollutants in Attainment (Maintenance) Areas* 

Pollutant Emission Rate  
(tons/year) 

Ozone (NOx, SO2, or NO2): All maintenance areas 100 
Ozone (VOCs) 
 Maintenance areas inside an ozone transport region 50 
 Maintenance areas outside an ozone transport region 100 
CO:  All maintenance areas 100 
PM10: All maintenance areas 100 
PM2.5 
 Direct Emissions 100 
 SO2  100 
 NOx (unless determined not to be a significant precursor)  100 
 VOC or ammonia (if determined to be significant precursors) 100 
Pb: All maintenance areas 25 

Source:  USEPA, 2006c 
*De minimus threshold levels for conformity applicability analysis. 
 
Each state is required to develop a state implementation plan (SIP) that sets forth how 
CAA provisions will be imposed within the state.  The SIP is the primary means for the 
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implementation, maintenance, and enforcement of the measures needed to attain and 
maintain the NAAQS within each state and includes control measures, emissions 
limitations, and other provisions required to attain and maintain the ambient air quality 
standards.  The purpose of the SIP is twofold.  First, it must provide a control strategy 
that will result in the attainment and maintenance of the NAAQS.  Second, it must 
demonstrate that progress is being made in attaining the standards in each 
nonattainment area. 
 
In attainment areas, major new or modified stationary sources of air emissions on and 
in the area are subject to Prevention of Significant Deterioration (PSD) review to ensure 
that these sources are constructed without causing significant adverse deterioration of 
the clean air in the area.  A major new source is defined as one that has the potential to 
emit any pollutant regulated under the CAA in amounts equal to or exceeding specific 
major source thresholds; that is, 100 or 250 tons/year based on the source’s industrial 
category.  A major modification is a physical change or change in the method of 
operation at an existing major source that causes a significant “net emissions increase” 
at that source of any regulated pollutant.  Table D-4 provides a tabular listing of the 
PSD significant emissions rate (SER) thresholds for selected criteria pollutants (USEPA, 
1990).   
 

Table D-4.  Criteria Pollutant Significant Emissions Rate Increases Under PSD Regulations 

Pollutant Significant Emissions Rate 
(tons/year) 

PM 10 15 
PM2.5 10 
Total Suspended Particulate (TSP) 25 
SO2 40 
NOx 40 
Ozone (VOCs) 40 
CO 100 

Source:  Title 40 CFR Part 51. 
 
The goals of the PSD program are to (1) ensure economic growth while preserving 
existing air quality; (2) protect public health and welfare from adverse effects that might 
occur even at pollutant levels better than the NAAQS; and (3) preserve, protect, and 
enhance the air quality in areas of special natural recreational, scenic, or historic value, 
such as national parks and wilderness areas.  Sources subject to PSD review are 
required by the CAA to obtain a permit before commencing construction.  The permit 
process requires an extensive review of all other major sources within a 50-mile radius 
and all Class I areas within a 62-mile radius of the facility.  Emissions from any new or 
modified source must be controlled using Best Available Control Technology.  The air 
quality, in combination with other PSD sources in the area, must not exceed the 
maximum allowable incremental increase identified in Table D-5.  National parks and 
wilderness areas are designated as Class I areas, where any appreciable deterioration in 



Appendix D Air Quality 

October 2008 2005 BRAC Decisions and Related Actions  D-5 
 Final Environmental Impact Statement 
 Eglin Air Force Base, Florida 

air quality is considered significant.  Class II areas are those where moderate, 
well-controlled industrial growth could be permitted.  Class III areas allow for greater 
industrial development.  The areas surrounding Eglin Air Force Base and Hurlburt 
Field are classified as Class II.  Currently, there are no designated Class III areas in the 
United States. 
 

Table D-5.  Federal Allowable Pollutant Concentration Increases Under PSD Regulations 
Maximum Allowable Concentration (μg/m3) Pollutant Averaging 

Time Class I Class II Class III 

PM10 
Annual 
24-hour 

 4 
 8 

 17 
 30 

 34 
 60 

SO2 
Annual 
24-hour 
3-hour 

 2 
 5 
25 

 20 
 91 
512 

 40 
182 
700 

NO2 Annual 2.5  25  50 
Source:  Title 40 CFR Part 51 
 
Florida has a statewide air quality monitoring network that is operated by both state 
and local environmental programs (FDEP, 2003).  The air quality is monitored for 
carbon monoxide, lead, nitrogen dioxide, ozone, particulate matter, and sulfur dioxide.  
The monitors tend to be concentrated in areas with the largest population densities.  
Not all pollutants are monitored in all areas.  The air quality monitoring network is 
used to identify areas where the ambient air quality standards are being violated and 
plans are needed to reduce pollutant concentration levels to be in attainment with the 
standards.  Also included are areas where the ambient standards are being met, but 
plans are necessary to ensure maintenance of acceptable levels of air quality in the face 
of anticipated population or industrial growth.   
 
The end result of this attainment/maintenance analysis is the development of local and 
statewide strategies for controlling emissions of criteria air pollutants from stationary 
and mobile sources.  The first step in this process is the annual compilation of the 
ambient air monitoring results, and the second step is the analysis of the monitoring 
data for general air quality, exceedances of air quality standards, and pollutant trends.  
 
The FDEP Northwest District operates monitors in several counties, including Bay, 
Escambia, Holmes, Leon, Santa Rosa, and Wakulla counties.  Over the years of record, 
there have been exceedances (pollutant concentration greater than the numerical 
standard) of a NAAQS.  However, there has not been a violation (occurrence of more 
exceedances of the standard than is allowed within a specified time period) of an 
ambient standard (FDEP, 2003). 
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Regulatory Comparisons 
 
In order to evaluate the air emissions and their impact to the overall region of influence 
(ROI), the emissions associated with the construction activities were compared to the 
total emissions on a pollutant-by-pollutant basis for the ROI’s 2002 National Emissions 
Inventory (NEI) data.  Potential impacts to air quality were then identified as the total 
emissions of any pollutant that equals 10 percent or more of the ROI’s emissions for that 
specific pollutant.  The 10 percent criteria approach is used in the General Conformity 
Rule as an indicator for impact analysis for nonattainment and maintenance areas, and 
although Okaloosa County is in attainment for the NAAQS, the General Conformity 
Rule’s impact analysis was used to provide a consistent approach to evaluating the 
impact from emissions that could result from the Proposed Action.   
 
To provide a conservative evaluation, the impacts screening in this analysis used a more 
restrictive criteria than required in the General Conformity Rule.  Rather than 
comparing emissions from construction activities to regional inventories (as required in 
the General Conformity Rule), emissions were compared to the individual parish 
potentially impacted, which is a smaller area.    
 
Project Calculations 
 
Construction Emissions 
 
Calculations for construction emissions were completed using the calculation 
methodologies described in the U.S. Air Force Air Conformity Applicability Model 
(ACAM).  As previously indicated, a conformity determination is not required since 
Okaloosa County is designated as “attainment.”  
 
The ACAM was used to provide a level of consistency with respect to emission factors 
and calculations.  The ACAM evaluates the individual emissions from different sources 
associated with the construction phases.  Phase I is the site preparation phase and 
Phase II is the actual building/facility construction phase.  These sources include 
grading activities, asphalt paving, construction worker trips, stationary equipment 
(such as saws and generators), nonresidential architectural coatings, and mobile 
equipment emissions (U.S. Air Force, 2003).  
 
Due to limited information, certain assumptions were made to develop the air quality 
analysis.  It was assumed that there would be 36 new facilities/buildings, totaling 
approximately 92 acres or 3,998,812 square feet of construction, for the Joint Strike 
Fighter (JSF) Integrated Joint Training Site (IJTS) for Alternative 1.  Alternative 2 
assumed 28 new facilities/buildings totaling 79 acres or 3,447,562 square feet.  
Alternative 2 would require an additional 6 new facilities (394,546 square feet) and 
2.8 acres of paving as a connected action.  It was assumed that 9.2 and 61 acres of the 
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land would be paved for Alternatives 1 and 2, respectively, to complete the JSF IJTS.  
The 7th Special Forces Group (Airborne), or the 7SFG(A), requires the building of 
33 new facilities amounting to 5,106,522 square feet or 117.1 acres of construction.  It is 
estimated that approximately 75 acres would have to be paved to complete the roads, 
parking areas, and other infrastructure.  The size of each building/facility was entered 
into the ACAM as the specified square feet listed in the Description of Proposed Action 
and Alternatives.  Based on these assumptions, the construction emissions were 
calculated using the calculation methodology expressed below.  
 
Grading Activities 
 
Grading activities are divided into grading equipment emissions and grading operation 
emissions.   
 
Grading equipment emissions are combustive emissions from equipment engines and 
are calculated in the following manner: 
 

VOC = .22 (lb/acre/day) * Acres * DPY1/2000 

NOx = 2.07 (lb/acre/day) * Acres * DPY1/2000 

PM10 = .17 (lb/acre/day) * Acres * DPY1/2000 

CO = .55 (lb/acre/day) * Acres * DPY1/2000 

SO2 = .21 (lb/acre/day) * Acres * DPY1/2000 

Where:  Acres = number of gross acres to be graded during Phase I construction 

 DPY1 = number of days per year used for grading during Phase I construction 

 2000 = conversion factor from pounds to tons 
 
All emissions are represented as tons per year. 
 
Grading operation emissions are calculated using a similar equation from the 
Sacramento Air Quality Management District and South Coast Air Quality 
Management District (U.S. Air Force, 2003).  This calculation includes grading and truck 
hauling emissions. 
 
Emission Calculation: 
 

PM10 (tons/yr) =60.7 (lb/acre/day) * Acres * DPY1/2000 
 
Where:  Acres = number of gross acres to be graded during Phase I construction 

 DPY1 = number of days per year used for grading during Phase I construction 

 2000 = conversion factor from pounds to tons 
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The calculations assumed that there were no controls used to reduce fugitive emissions.  
Also, it was assumed that construction activities would occur within calendar year 
(CY) 2009 through CY 2017 (2922 days), and that grading activities would represent 
10 percent of that total, or 292 days.  The emission factors were derived from the 
Sacramento Air Quality Management District and South Coast Air Quality 
Management District (U.S. Air Force, 2003). 

Architectural Coatings 
 
Non-residential architectural coating emissions are released through the evaporation of 
solvents contained in paints, varnishes, primers, and other surface coatings.  
 
Emission Calculation: 
 

VOCSF (lb/yr) = (SQR_GRSQF * 1.63)/2000 
 
Where:  SQR_GRSQF = square root of gross square feet of nonresidential building 

space to be constructed in the given year of construction 

 1.63 = emission factor 

 2000 = conversion factor from pounds to tons 
 
It was assumed that construction activities would occur within 2,922 days.  After 
subtracting the grading activities from the estimated overall construction time, the 
actual construction period was reduced to 2,630 days.  Additionally, it was assumed 
that the IJTS buildings would be constructed over the 8-year life of the project 
(CY 2009-2017) and the 7SFG(A) construction completed over the 5-year life of the 
project (CY 2009-2014) at the specified square footage.  The emission factors were 
derived from the Sacramento Air Quality Management District and South Coast Air 
Quality Management District (U.S. Air Force, 2003). 
 
Asphalt Paving 
 
Volatile organic compound (VOC) emissions are released during asphalt paving 
operations. 
 
Emission calculation: 
 

VOCPT (tons/yr) = (2.62 lb/acre) * Acres Paved/2000 
 
Where:  Acres Paved = total number of acres to be paved at the site. 

 2000 = conversion factor from pounds to tons 
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It was assumed that approximately 9.2 acres for JSF IJTS Alternative 1, 61 acres for the 
JSF IJTS Alternative 2, and 75 acres for 7SFG(A) would be paved with asphalt.  The 
specific emission factors used in the calculations were available through the Sacramento 
Air Quality Management District and South Coast Air Quality Management District 
(U.S. Air Force, 2003). 
 
Construction Worker Trips 
 
Construction worker trips during the construction phases of the project are calculated 
and represented as a function of the number of facilities to be constructed and/or 
square feet of commercial construction. 
 
Calculation: 

Trips (trips/day) = .42 (trip/facility/day) * Area of training facilities 

Where: Areas of training facilities = total square footage of construction projects to be 
constructed in the given year of construction 

Total daily trips are applied to the following factors depending on the corresponding 
years. 
 
Year 2009: 

VOCE = .016 * Trips 
NOxE = .015 * Trips 
PM10E = .0022 * Trips 
COE = .262 * Trips 

Year 2010 and beyond: 

VOCE = .012 * Trips 
NOxE = .013 * Trips 
PM10E = .0022 * Trips 
COE = .262 * Trips 
 
To convert from pounds per day to tons per year: 
 

VOC (tons/yr) = VOCE * DPYII/2000 
NOx (tons/yr) = NOxE * DPYII/2000 

PM10 (tons/yr) = PM10E * DPYII/2000 
CO (tons/yr) = COE * DPYII/2000 

 
 2000 = conversion factor from pounds to tons 

 DPYII = number of days per year during Phase II construction activities 
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It was estimated that the total square footage of construction would be 3,998,812 square 
feet for 36 buildings proposed under JSF IJTS Alternative 1; 3,386,316 square feet for 
23 buildings under JSF IJTS Alternative 2; and 2,941,562 square feet for 21 buildings 
under 7SFG(A).  The emission factors were derived from the Sacramento Air Quality 
Management District and South Coast Air Quality Management District (U.S. Air Force, 
2003). 
 
Stationary Equipment 
 
Emissions from stationary equipment occur when gasoline-powered equipment (e.g., 
saws, generators, etc.) are used at the construction site. 
 
Emission Calculations: 
 

VOC = .198 * (GRSQFT) * DPYII/2000 
NOx = .137 * (GRSQFT) * DPYII/2000 
PM10 = .004 * (GRSQFT) * DPYII/2000 
CO = 5.29 * (GRSQFT) * DPYII/2000 
SO2 = .007 * (GRSQFT) * DPYII/2000 

 
Where:  GRSQF = gross square feet of commercial buildings to be constructed during 

Phase II 

 DPYII = number of days per year during Phase II construction 

 2000 = conversion factor from pounds to tons 
 
It was estimated that the total square footage of construction would be 3,998,812 square 
feet for 36 buildings proposed under JSF IJTS Alternative 1; 3,447,562 square feet for 
28 buildings under JSF IJTS Alternative 2; and 5,106,522 square feet for 33 buildings 
under 7SFG(A).  The emission factors were derived from the Sacramento Air Quality 
Management District and South Coast Air Quality Management District (U.S. Air Force, 
2003). The emission factors were derived from the Sacramento Air Quality Management 
District and South Coast Air Quality Management District (U.S. Air Force, 2003). 
 
Mobile Equipment 
 
Mobile equipment (such as forklifts and dump trucks) emissions include pollutant 
releases generated by the equipment during Phase II construction. 
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Emission Calculations: 
 

VOC = .17 * (GRSQFT) * DPYII/2000 
NOx = 1.86 * (GRSQFT) * DPYII/2000 
PM10 = .15 * (GRSQFT) * DPYII/2000 
CO = .78 * (GRSQFT) * DPYII/2000 
SO2 = .23 * (GRSQFT) * DPYII/2000 

Where:  GRSQF = gross square feet of training area to be constructed during Phase II 

 DPYII = number of days per year during Phase II construction 

 2000 = conversion factor from pounds to tons 
 
The same assumptions for square footage were utilized as described previously. 
 
Vehicle Emissions 
 
Vehicle emissions are generated from on-road base-employee commuters, on-road 
government use, and off-road base-support vehicles.  The total numbers of personnel 
expected to be realigned are 2,240 and 2,326 from the 7SFG(A) and JSF IJTS actions, 
respectively.   
 
On-Road Base Employee Commute Emissions 
 
Emission Calculation:  

2000454
)1((2

×
××−××××= p

p

EF
WORKDAYSONBASECOMDISTNFE  

 
Where: N = number of personnel realigned 

 F = fraction of the year the personnel operate 

 COMDIST = one-way commute distance, miles for off-base personnel 

 ONBASE = fraction of personnel living on base 

 WORKDAYS = number of work days per year, assumed to be 230 

 EFp = emission factor for pollutant, p, grams/mile.  These factors were 
determined from MOBILE 6 for total hydrocarbons (VOCs), CO, and NOx for 
the chosen fleet mix.   

 2 = number of commutes per work day 

 454 = conversion factor from grams to pounds 

 2000 = conversion factor from pounds to tons 
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On-Road GOV 
 
Emission Calculation: 

2000454×
×××= p

p

EF
GOVVMTFNE  

 
Where: N = number of personnel realigned 

F = fraction of the year the personnel operate 

GOVVMT = per-employee volume of miles traveled (VMT), miles/employee 

EFp = emission factor for pollutant, p, grams/mile.  These factors were 
determined from MOBILE 6 for total hydrocarbons (VOCs), CO, and NOx for 
the chosen fleet mix.   

454 = conversion factor from grams to pounds 

2000 = conversion factor from pounds to tons 
 
Off-Road Base-Support Vehicles 

A variety of off-road base-support vehicles are used at typical Air Force installations.  
There are many types of these vehicles—both gasoline and diesel fueled.  Since specific 
numbers and types of vehicles for each base are difficult to obtain, emissions from this 
category are assumed to be proportional to personnel, with an emission factor derived 
from aggregate emissions for a typical base.   
 
Emission Calculation: 

2000
p

p

EF
FNE ××=  

 
Where: N = number of personnel realigned. 

F = fraction of the year the personnel operate. 
EFp = per employee emission factor, lb.  Total emission for this category were 
derived from the 1992 emission inventory of March Air Force Base and the 
total number of employees for 1992 at the base.  The emission factors are as 
follows:  
SO2 = 0.24, PM10 = 0.34, CO = 7.91, VOC = 0.74. 
2000 = conversion factor from pounds to tons. 

 
Aircraft Emissions 
 
Due to limited information, certain assumptions were made to develop the air quality 
analysis.  The baseline aircraft emissions were calculated using the proposed operation 
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tempo outlined in Table D-6. The sortie activities would involve F-35, F-16C/D, and 
F-18 aircraft for the JSF.   

Table D-6.  Proposed Action Annual Sortie Activity for the JSF 
Sorties CTOL STOVL CV 

Students 52 56 58 
Instructors 52 42 42 
Red Air* 11 9 9 
Total 115 107 109 
Per Day 80 20 14 
Per Year 15,870 3,852 2,616 
with 8%  Re-fly 17,140 4,160 3,250 
with 15% Continuation 
Training/Cost of Business 
(CT/COB) 

19,711 4,748 3,250 

Average/Month 23 20 18 
CT/COB = Continuation Training/Cost of Business; CTOL = Conventional 
Take-Off and Landing; CV = Carrier- Variant; STOVL = Short Take-Off Vertical 
Landing 
* Red Air is the opposing force used to mimic enemy aircraft. 

 
JSF Assumptions 
 
Currently, the emission factors in different engine modes are in development stages for 
the F-35.  The raw data were available and used to obtain the necessary emission factors 
to complete this analysis but are not available for inclusion in this document.  The 
calculation process used for the F-16C/D and F-18 illustrates the process used for the 
F-35 aircraft as discussed in the following section. 
 
Various assumptions were used to obtain the necessary emission factors for the F-35 
analysis.  To obtain NOx, VOC, and CO emissions, the manufacturer (Pratt-Whitney) of 
the F-35 engine ran various emission tests at different fuel flow rates.  This data were 
used to create a curve to obtain the appropriate emissions at fuel flow rates anticipated 
to fly in the various modes (idle, takeoff, etc).  There were no data, however, for 
emissions when the engine was run in afterburner; therefore, known afterburner 
emissions from the F-119 variant engine (which is used in the FA-22 aircraft) were used.  
The emissions for the afterburner assume a fuel flow rate greater than 50,000 pounds 
per hour.   
 
Sulfur dioxide emission factors were calculated with the assumption that all sulfur in 
the fuel is converted to sulfur dioxide.  Using sulfur content numbers from the Air 
Force Air Emissions Inventory Guidance Document for Mobile Sources at Air Force 
Installations, a sulfur dioxide emission factor could be calculated (O’Brien et al., 2002).  
This number was used for all fuel flow rates.   
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The particulate matter emission factors, which were obtained from the Navy Aircraft 
Environmental Support Office (AESO), are based on measurements of emissions for a 
number of aircraft engines.  
 
7SFG(A) Assumptions 
 
As part of the range operations, the 7SFG(A) would use various aircraft, as available, to 
complete specific operations.  Fixed-wing aircraft would be used for static line, military 
free fall, Rapid Infiltration/Exfiltration (RAPIDS), container delivery, and Close Air 
Support (CAS) operations.  Rotary aircraft would be used for airborne operations, 
HeloCast, Fast Rope Insertion/Extraction System (FRIES), sling load, and air assault.  
The exact aircraft were not specified for analysis purposes, so the C-130 was chosen for 
the fixed-wing aircraft because of its capabilities to complete most, if not all, of the 
operations required, and the UH-60 helicopter was chosen for the rotary aircraft 
because of its usefulness in a wide range of operation types.   
 
Data, such as time in mode and fuel flow rates, are required to complete an air quality 
analysis.  The fuel flow rates were obtained with the emission factors for the chosen 
aircraft types (Table D-7).  General time in mode data were used for each of the aircraft 
(Table D-8).   
 

Table D-7.  Emission Factors and Fuel Flow Rates for the Corresponding Engine Modes 
Emission Factors in Pounds of 

Pollutant per 1,000 Pounds of Fuel 
Burned (lb/1,000 lb) Aircraft Engine Power Setting Fuel Flow Rate 

(lb/hr) 

CO NOx  PM10 VOC 

C-130 Ground Idle 900 3.84 7.49 3.64 1.97 

T56-A-15 Flight Idle 1,240 2.82 8.31 3.85 0.58 

  Normal Rated Thrust 2,180 1.65 9.69 1.46 0.42 

  Intermittent Military 2,456 1.77 11.42 1.22 0.28 

UH-60A Ground Idle 133 53.18 2.78 1.48 56.67 

T700-GE-700 Flight Idle 500 5.25 7.56 1.26 0.37 

  Flight Max 589 3.75 8.18 2.22 0.49 

  Overspeed 706 3.09 8.61 2.6 0.39 
Source:  O’Brien and Wade, 2002 
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Table D-8.  General Time in Mode Data Used 

Aircraft Mode Time in Mode  
(minutes) 

Time in Mode  
(hour) 

Taxi/Idle-out 9.2 0.15 
Takeoff 0.4 0.01 
Climb-out 1.2 0.02 
Approach 5.1 0.09 

C-1301 

Taxi/Idle-in 6.7 0.11 
Taxi/Idle-out 8 0.13 
Takeoff   0.00 
Climb-out 6.8 0.11 
Approach 6.8 0.11 

UH-60A2 

Taxi/Idle-in 7 0.12 
1 Military Aircraft—Transport Turbine for the C-130  
2 Military Aircraft—Military Helicopter for the UH-60A 

Data were provided for the total annual mission time for each aircraft type in hours per 
year.  Therefore, the time in mode data were converted to a percentage by assuming one 
hour as a basis.  For example, the percent of time the C-130 is expected for taxi/idle-out 
is 0.15 hour (divide this number by 1 hour and multiply by 100 to get 15 percent).  Thus, 
the C-130 will spend 15 percent of the mission time taxiing.  Using this percentage, the 
following emission calculation could be completed. 
 

Pollutant Emission = EF*FF*%TIM*MT/2000*0.1 
 
Where:  Pollutant Emission = emission (CO, Nox, PM10, VOC) 

EF = emission factor (lb pollutant/1,000 lb fuel) 

FF = fuel flow rate (lb fuel/hour) 

%TIM = percent time in mode 

MT = mission time (hour/year) 

2000 = conversion from pounds to tons (1 ton = 2000 pounds) 

0.1 = assumed 10 percent of mission time occurred under 3,000 feet except for 
rotary aircraft, where the majority of flight would occur below 3,000 feet 
above ground level (AGL); thus, 0.95 (or 95 percent) was used for mission 
time occurring below 3,000 feet. 

 
The JSF IJTS aircraft emission calculations were completed using this methodology. 
 
Aircraft Flying Operations 
 
Aircraft operations of concern are those that occur from ground level up to 3,000 feet AGL.  
The 3,000-foot AGL ceiling was assumed as the atmospheric mixing height above which 
any pollutant generated would not contribute to increased pollutant concentrations at 
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ground level.  The aircraft operation of interest within the mixing zone is the landing and 
takeoff (LTO) cycle.  The LTO is characterized by five modes of operation:  approach, 
taxi-in, taxi-out, takeoff, and climb-out. 
 
The LTO cycle is the basis for calculating pollutant emissions.  For each mode of 
operation during an LTO cycle, an aircraft engine operates at a specified power setting 
and for a specific period (time in mode).  The pollutant emission rate is a function of the 
engine’s operating mode, the fuel flow rate, and the engine’s overall efficiency.  
Emissions for one complete LTO cycle for a particular aircraft are calculated by knowing 
the specific engine pollutant emission factors for each mode of operation.   
 
The U.S. Air Force has developed emission factors for aircraft engines, and Table D-9 
presents an example of the emission factors and aircraft engine performance data for 
each of the aircraft type used in this analysis.  The table lists the various engine modes, 
time in for each mode, fuel flow, and corresponding pollutant emission factors.  Using 
these data, as well as information on activity levels (i.e., number of sorties/LTO 
operations), pollutant emissions for each aircraft were calculated  
 

Table D-9.  Aircraft Performance Data and Emission Factions 
Emission Factors  (lb pollutant/1,000 lb fuel) 

Aircraft Type Power Setting 
Fuel Flow 

Rate (lb/hr) NOx CO VOC PM10 
F-16C/D Idle 1,036 3.19 34.58 2.64 2.61 
  Approach 4,956 11.6 3.85 0.05 1.37 
  Intermediate 7,136 17.33 2.49 0.01 0.57 
  Military 9,985 27.13 2.42 0.54 0.14 
  AB-1 16,826 15.08 104.6 64.8 3.34 
F-18 Idle 654 1.43 123.75 54.82 4.48 
  Approach 3,110 7.14 3.17 0.85 1.46 
  Intermediate 6,503 15.92 1.32 0.27 1.57 
  Military 7,617 22.27 1.33 0.24 1.61 

Source:  O’Brien and Wade, 2002 
 
Aircraft flying operations were calculated in ACAM using LTO cycles.  As previously 
described, emissions from engine exhaust occur for each operation during idle/taxi-out, 
takeoff, climb-out, approach, and taxi/idle-in (Table D-10).  Only those portions of the 
flying operation that take place below the atmospheric mixing height are considered 
(these are the only emissions presumed to affect ground-level concentrations). 

Table D-10.  Aircraft and Engine Mode 
Aircraft Mode Engine Mode 

Taxi/ldle-out Idle  
Takeoff Military or Afterburner  
Climb-out Intermediate 
Approach Approach  
Taxi/ldle-in Idle 
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Emission Calculation based on aircraft flying operations: 
 

Ep = N * F * OPS * NUMEG * (ΣTIMi * EFi,p)/2000) 
 
Where: N = number of aircraft. 

F = fraction of the year the aircraft operate. 

OPS = the number of operations (total LTOs and TGOs) per year for each 
aircraft in the Proposed Action unit. 

TIMi = time in mode for aircraft operating mode, i, hours.   
 

The engine operating mode used in the emission factors is correlated to the aircraft 
operating mode as follows. 
 

M = number of aircraft operating modes (five for LTOs; three for TGOs). 
NUMEG = the number of engines for the aircraft type. 
EFi,p = emission factor for pollutant, p, for each engine operating mode, i, 
lb/hr.  
2000 = conversion from pounds to tons. 

 
The assumptions used in this analysis are listed in Table D-11 and Table D-12 for Eglin 
Main Base and Eglin Outlying Field operations, respectively.   
 

Table D-11.  Eglin Main Base Analysis Assumptions 
Eglin Main Base CTOL CV STOVL F-16C/D F-18 F-18 

Type Training Training Training Red Air 
CTOL 

Red Air 
CV 

Red Air 
STOVL 

Service Air Force Navy Marines Air Force Navy Marines 
Number Engines 1 1 1 1 2 2 
Number Aircraft 72 15 20 4 4 4 
Annual Flight Operations 495.2 198.7 438.2 942.7 134.1 201.2 
% Hot Refuels 100% 100% 100% 81% 100% 100% 

JSF Information       
Sorties per Pilot 129.168 124.2 121.716 — — — 
Crews per Aircraft 1.9167 1.6 1.8 — — — 
% A/B takeoffs 16% 14% 11% — — — 
Total Annual Sorties 247.6 198.7 219.1 — — — 
Total Annual TGOs 99.0 0.0 265.1 — — — 

CTOL = Conventional Take-Off and Landing; CV = Carrier-Based Variant; STOVL = Short Take-Off Vertical 
Landing; TGO = Touch and Go  
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Table D-12.  Eglin Outlying Field Analysis Operations 
Eglin Outlying Field CTOL CV STOVL 

Type Training Training Training 
Service Air Force Navy Marines 
Number Engines 1 1 1 
Number Aircraft 72 15 20 
Annual Flight Operations 0 0 0 
% Hot Refuels 100% 100% 100% 

JSF Information       
Sorties per Pilot 129.168  — 121.716 
Crews per Aircraft 1.9167  — 1.8 
% A/B takeoffs 0%  — 0% 
Total Annual Sorties 247.6  — 219.1 
Total Annual TGOs 314.4  — 471.0 

CTOL = Conventional Take-Off and Landing; CV = Carrier-Based Variant; STOVL = Short Take-Off Vertical 
Landing; TGO = Touch and Go 
 
Aircraft Ground Operations (Trim Tests) 
 
Trim tests are engine tests performed with the engines on the aircraft.  All engines on 
the aircraft are assumed to be tested the same number of times each year. 

Emission Calculation: 

Ep = N * F * TRIMS * NUMEG * (ΣTIMi * EFi,p)/2000) 
 
Where: N = number of aircraft  

F = fraction of the year the aircraft operate. 

TRIMS = the number of engine trim tests per year for each engine.  

TIMi = time in mode for operating mode, i, hours (this refers to the engine 
operating mode).  

M = number of engine operating modes. 

NUMEG = the number of engines for the aircraft type. 

EFi,p = emission factor for pollutant, p, for operating mode, i, lb/hr.  
(particulate matter is conservatively assumed to be 100 percent PM10).  

2000 = conversion from pounds to tons. 

Aerospace Ground Equipment(AGE) and Auxiliary Power Units: 

AGE includes such aircraft support equipment as air compressors, air conditioners, 
aircraft tug narrows, cargo loaders, baggage tugs, deicers, fuel trucks, generators, 
ground heaters, hydraulic test stands, jacking manifolds, and miscellaneous other 
equipment.  APU includes onboard equipment that provides power to the aircraft while 
it is on the ground and sometimes through takeoff and climb out. 
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Emissions are calculated using the number of landing/takeoff (LTO) cycles for one 
aircraft type chosen for the Proposed Action and for this EA the training activities were 
chosen as the proposed action for ACAM.  Annual emissions are obtained for each 
aircraft chosen and the associated AGE and APU equipment for that aircraft using the 
following process.  The number of LTO cycles for one aircraft per aircraft type chosen is 
multiplied by the total number of aircraft per aircraft type, the AGE/APU equipment 
operating time (hours) per LTO cycle, the published emissions factor, and the load 
factor as well as the rated horsepower.   

AGE and APU Emissions Calculations: 

Ep (tons/yr) = N * OT * LTO * LF/100 * EF * (1/2000) 

N = Total number of aircraft per air craft type 

LTO = Number of LTO cycles per aircraft per year 

OT = AGE and APU equipment usage rate in annual average hours per 
 
ACAM default values were used for AGE and APU calculations. 

Munition Emissions 

Munition emissions for both JSF and 7SFG(A) were calculated using the same 
methodology.  For all live munitions, net explosive weights and emission factors were 
needed to complete the analysis (Table D-13).  Since the specific type of munition was 
not given, the munition exhibiting the highest net explosive weight (NEW) was chosen 
for each munition for a worst-case scenario.   
 
Emission Calculation: 
 

Pollutant Emission = EF*NEW*Qty/2000 
 
Where: Pollutant Emission = emissions for the associated pollutant (i.e., CO or NOx) 

(tons/yr) 
EF = emission factor for the pollutant (lb/lb NEW). 
NEW = net explosive weight (lb NEW/item). 
Qty = quantity (item/year). 
2000 = conversion from pounds to tons (1 ton = 2,000 pounds). 
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Table D-13.  Munitions for JSF and 7SFG(A) Operations Emission Factors 
Emissions (lb/lb NEW) Munition Type Quantity NEW 

(lb/item) CO NOx PM2.5 PM10 SOx 
7SFG(A)               
5.45 mm 29,000 0.00398 0.00 0.00 0.00 0.00 0.00 
5.56 mm 4,966,000 0.00630 0.3500 0.0160 0.0084 0.0120 0.0000 
7.62 mm 1,248,000 0.00079 0.3600 0.0150 0.0061 0.0081 0.0000 
9 mm 2,100,000 0.00000 0.3900 0.0190 0.0260 0.0300 0.0001 
12 gauge 34,000 0.11700 0.00 0.00 0.00 0.00 0.00 
40 mm 57,000 0.45700 0.0600 0.0130 0.0560 0.1100 0.0000 
60 mm 8,200 0.10400 0.0650 0.0092 0.0370 0.0710 0.0000 
81 mm 6,300 1.37000 0.1900 0.0000 0.0089 0.0110 0.0000 
84 mm 400 0.00000 0.0420 0.1300 0.0520 0.0940 0.0000 
106 mm 0 0.00000 0.00 0.00 0.00 0.00 0.00 
Small caliber 0 0.03380 0.00 0.00 0.00 0.00 0.00 
0.50 caliber 300,000 1.50000 0.3300 0.0360 0.0056 0.0093 0.0000 
Mines  2,500 0.41000 0.0130 0.0120 0.0170 0.0320 0.0001 
Grenades 8,100 1.25000 0.0420 0.0027 0.0430 0.0750 0.0000 
Explosives 976,000 1.08000 0.0210 0.0063 0.0150 0.0210 0.0001 
Flares 2,400 0.18800 0.0005 0.0027 0.0000 0.1300 0.0001 
Simulators 11,400 0.13400 0.0360 0.0100 0.0000 0.2400 0.0009 
Rockets 1,250 0.68400 0.0470 0.0150 0.0590 0.0660 0.0002 
Rockets 1,250 0.00000 0.0730 0.0073 0.0440 0.0770 0.0000 
Missiles 0 0.00000 0.00 0.00 0.00 0.00 0.00 
Other (OPFOR) 290,000 0.00000 0.00 0.00 0.00 0.00 0.00 
JSF               
GBU-12 live 635 192.0 0.44 1.05 0.00 0.00 0.01 
GBU-12 inert 219 0.00000 0.00 0.00 0.00 0.00 0.00 
25mm (TP) 208,518 0.11700 0.0070 0.0016 0.0066 0.0130 0.0000 
Flares (MJU-
8/27) 1,363 0.62780 0.01 0.00 0.00 0.07 0.00 

Source:  USEPA, 2006b 
GBU = guided bomb unit; lb = pounds; mm = millimeter; MJU = munitions countermeasures unit; NEW = net 
explosives weight; TP = target practice 
 
National Emissions Inventory 
 
The NEI is operated under the USEPA’s Emission Factor and Inventory Group, which 
prepares the national database of air emissions information with input from numerous 
state and local air agencies, tribes, and industries.  The database contains information 
on stationary and mobile sources that emit criteria air pollutants and hazardous air 
pollutants (HAPs).  The database includes estimates of annual emissions, by source, of 
air pollutants in each area of the country on a yearly basis.  The NEI includes emission 
estimates for all 50 states, the District of Columbia, Puerto Rico, and the Virgin Islands.  
Emission estimates for individual point or major sources (facilities), as well as county-
level estimates for area, mobile, and other sources, are currently available for years 1996 
and 1999 for criteria pollutants and HAPs.  
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Criteria air pollutants are those for which the USEPA has set health-based standards.  
Four of the six criteria pollutants are included in the NEI database:  
 

● Carbon Monoxide (CO)  

● Nitrogen Oxides (NOx)  

● Sulfur Dioxide (SO2)  

● Particulate Matter (PM10 and PM2.5)  
 
The NEI also includes emissions of VOCs, which are ozone precursors, emitted from 
motor vehicle fuel distribution and chemical manufacturing, as well as other solvent 
uses.  VOCs react with nitrogen oxides in the atmosphere to form ozone.  The NEI 
database defines three classes of criteria air pollutant sources:  
 

● Point Sources.  Stationary sources of emissions, such as an electric power plant, 
that can be identified by name and location.  A "major" source emits a threshold 
amount (or more) of at least one criteria pollutant and must be inventoried and 
reported.  Many states also inventory and report stationary sources that emit 
amounts below the thresholds for each pollutant.  

● Area Sources.   Small point sources such as a home or office building or a diffuse 
stationary source such as wildfires or agricultural tilling.  These sources do not 
individually produce sufficient emissions to qualify as point sources.  Dry 
cleaners are one example; for instance, a single dry cleaner within an inventory 
area typically will not qualify as a point source, but collectively the emissions 
from all of the dry cleaning facilities in the inventory area may be significant and 
therefore must be included in the inventory.  

● Mobile Sources.  Any kind of vehicle or equipment with a gasoline or diesel 
engine (such as an airplane or ship).  

 
The following are the main sources of criteria pollutant emissions data for the NEI:  
 

● For electric generating units—USEPA’s Emission Tracking System/Continuous 
Emissions Monitoring Data (ETS/CEM) and Department of Energy fuel use data.  

● For other large stationary sources—state data and older inventories where state 
data were not submitted.  

● For on-road mobile sources—the Federal Highway Administration's estimate of 
vehicle miles traveled and emission factors from USEPA’s MOBILE Model.  

● For non-road mobile sources—USEPA’s NONROAD Model.  

● For stationary area sources—state data, USEPA-developed estimates for some 
sources, and older inventories where state or USEPA data were not submitted.  
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● State and local environmental agencies supply most of the point source data. 
USEPA’s Clean Air Market program supplies emissions data for electric power 
plants.   
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