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Background 
 
In August of 1999, the National Park Service (NPS) embarked on the Natural Resource 
Challenge, a major effort to substantially improve how the NPS manages the natural resources 
under its care.  As part of Natural Resource Challenge, the Air Resources Division (ARD) was 
tasked with the responsibility of expanding efforts to monitor and understand air quality and 
related values in the parks.  In addition, the draft 2001 NPS Environmental Leadership policy 
directs NPS to manage the parks in a manner “that demonstrates sound environmental 
stewardship by implementing sustainable practices in all aspects of NPS management….”  In 
order to achieve both of these objectives, it is necessary to gain an understanding of air pollution 
emissions that result from activities within the park.  Development of an in-park air emissions 
inventory for Shenandoah will serve three functions in this regard.  First, it will provide an 
understanding of the sources and magnitude of in-park emissions and a basis for contrasting 
them with emissions from the surrounding area.  Second, it will serve to identify existing and 
potential strategies to mitigate in-park air emissions.  Finally, it will help to evaluate and ensure 
the compliance status of the park relative to state and federal air pollution regulations. 
    
Park Description 
 
Shenandoah NP encompasses some 196,000 acres located in the Blue Ridge Mountains of 
Virginia (see Figure 1).  Shenandoah was established in 1935 and dedicated as a National Park 
by President Franklin Roosevelt in 1936.  In 1976, more than 80,000 acres of the park were 
designated by Congress as wilderness.  Skyline Drive, following a ridgeline northeast to 
southwest through the park for 105 miles, was added to the National Register of Historic Places 
in 1996.  Over 100 miles of the Appalachian Scenic Trail are also located along the ridgeline of 
Shenandoah NP.  
 
Annual visitation in Shenandoah NP averages 1.5 million visits.  Most of this visitation occurs 
between April and November as most visitor facilities are closed during the winter months.  
(Refer to Appendix A for public use statistics).  Visitor activities offered by Shenandoah NP 
include auto-touring, camping, backpacking, hiking, fishing, horseback riding, and cycling along 
Skyline Drive.   Like most parks, air quality at Shenandoah NP is an important component of the 
visitor experience, particularly in terms of visibility.   
 
Shenandoah NP offers visitors a number of facilities including visitor centers, lodges, and 
campgrounds.  Lodging facilities, managed by the park concessionaire, ARAMARK, are located 
at Skyland, Big Meadows, and Lewis Mountain.  Skyland (milepost 41.7) has 177 guestrooms, 
rustic cabins, multi-unit lodges, and modern suites.  Big Meadows (milepost 51) has 25 rooms in 
the main lodge, 72 additional rooms in rustic cabins, multi-unit lodges, and modern suites.  
Lewis Mountain (milepost 57.5) has several rustic, furnished cabins with private baths and 
outdoor grills. 
 
Shenandoah NP was designated as a Class I area under the 1977 Clean Air Act (CAA) 
amendments.   Class I areas are afforded the greatest degree of air quality protection. Very little 
deterioration of air quality is allowed in these areas.  The CAA gives Federal Land Managers an 
affirmative responsibility to protect air quality related values, including but not limited to 
visibility, in Class I areas.   
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Figure 1.  Shenandoah National Park 
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Air Pollution Emission Sources 
 
Air pollution emission sources are generally categorized as one of three types: stationary, area, or 
mobile.  Stationary sources are point sources that are inventoried on an individual basis.  Typical 
stationary sources include boilers, generators, and incinerators.  Area sources are sources that are 
too small to be inventoried individually and are spread over a large geographic area.   Typical 
area sources include consumer solvent use, residential heating, and fugitive dust.   Mobile 
sources include both on-road and off-road mobile sources.   Off-road mobile sources, such as 
construction equipment and lawn and garden equipment, are often included under the area source 
category for inventory purposes. 
 
The definition of stationary, area, and mobile sources can vary depending on the intended use of 
the emission inventory and are often associated with emission rate thresholds.  For example, 
stationary sources with emissions less than 10 tons per year (tpy) are in some applications 
considered as area sources. Section 9VAC5-10-20 of the Virginia air regulations defines 
stationary source as “…. any building, structure, facility or installation which emits or may emit 
any air pollutant. A stationary source shall include all of the pollutant-emitting activities which 
belong to the same industrial grouping, are located on one or more contiguous or adjacent 
properties, and are under the control of the same person (or persons under common control)….”   
Therefore, most NPS and ARAMARK facilities, regardless of annual emission rates, will be 
treated as stationary sources for the purposes of this emissions inventory.  However, it should be 
noted that because activity data for some types of equipment (e.g., a propane clothes dryer) are 
not available, their emissions have been estimated using methodologies appropriate to area 
sources.  In addition, these types of small sources are often considered as insignificant sources 
under 9 VAC 5 CHAPTER 80 of the Virginia air permitting regulations (Title V). 
 
Air pollutants include both criteria and toxic pollutants.  Criteria pollutants are those pollutants 
for which the Environmental Protection Agency (EPA) has established National Ambient Air 
Quality Standards (NAAQS) and include ozone, nitrogen oxides (NOx), particulate matter (as 
PM10 or PM 2.5), sulfur dioxide (SO2), carbon monoxide (CO), and lead.   Volatile organic 
compounds (VOC) are regulated as a precursor to the formation of ozone.  Toxic, or hazardous 
air pollutants (HAPs), are defined in section 112 of the CAA and include 188 compounds (or 
classes of compounds).   Toxic emissions from previous park emission inventories have been 
found to be negligible (for example, see EA Engineering, 2000), and therefore only criteria 
emissions will be considered here. 
 
Emission estimates are provided in tons per year or pounds per year, depending on the magnitude 
of the emissions for the given source category. 
 
Methodology 
 
In most cases, emission estimates are based on activity data provided by park and concessionaire 
staff combined with emission factors from Compilation of Air Pollution Emission Factors, AP-
42 (EPA, 1995) or Factor Information Retrieval System (FIRE) Database (EPA, 2000).  In other 
instances, EPA emissions estimation software was utilized.  MOBILE5b (EPA, 1997) and 
PART5 (EPA, 1995b) were used to generate mobile source emission factors.  TANKS (EPA, 
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2000b) was used to estimate storage tank emissions.   
 
1999 was selected as the base year for the Shenandoah NP emission inventory.  It should be 
noted that emissions are expected to vary from year to year due to fluctuations in visitation, 
prescribed burning, and other activities. 1999 has been selected as the basis for the inventory in 
order to allow emission comparisons with surrounding counties for which data are available from 
the National Emission Inventory (NEI).  The NEI is compiled every third year, and the most 
recent compilation is for 1999.  It was also selected since activity data for 1999 are readily 
available, whereas activity data for more recent years may not. 
 
Additional information on emission estimation methodology, including emission factor 
references, are provided in the relevant sections of this report. 
 
Air Quality Status 
 
Shenandoah NP is currently attaining all NAAQS with the exception of the newly promulgated 
8-hour ozone standard.  Shenandoah NP operates and maintains an air quality monitoring site at 
Big Meadows that monitors several pollutants, including ozone.  The 1997-1999 8-hour design 
value for this site is 0.096 ppm.  This violates the 8-hr ozone NAAQS which is set at 0.08 ppm.  
In February 2001, the constitutionality of the 8-hour ozone standard was upheld by the U.S. 
Supreme Court, but certain issues were remanded to the D.C. Circuit Court of Appeals for 
resolution. In March of this year, the Circuit Court rejected all remaining challenges to the rule.  
However, the EPA must finalize plans for moving from the 1-hour standard to the revised 
standard.  Therefore, air quality designations for the revised standard are currently pending. 
 
In addition to violating the 8-hour ozone standard, the Big Meadows monitor recorded an 
exceedance of the 1-hour ozone standard in 1998.  However, more than three exceedances in a 
three year period must occur before the standard is violated.   
 
 
Stationary Sources 
 
Potential vs. Actual Emissions 
 
In order to determine the applicability of regulatory requirements for park stationary sources, 
both actual and potential emission have been estimated.  Actual emissions are based on the actual 
throughput of fuel or material during 1999.  Potential emissions, on the other hand, are based on 
the rated capacity of the equipment and, in most cases, a full-year of operation. Potential 
emissions are often used to determine regulatory requirements.  For example, a stationary source 
with potential emissions exceeding 100 tons per year is subject to the permitting requirements of 
Title V of the CAA.  For emergency generators, in accordance with EPA guidance, potential 
emissions are based on 500 hours of operation.  In addition, here the potential emissions for 
many smaller pieces of equipment (e.g., propane clothes dryers and water heaters) have been 
based on twice the actual emissions.  This is because the rated capacities for small equipment 
were not readily available and regulatory thresholds are unlikely to be exceeded even 
collectively.  
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Fuel Combustion 
 
Fuel combustion sources found at Shenandoah NP include generators, boilers, furnaces, stoves, 
barbecue grills, water heaters, and clothes dryers.   The generators primarily provide emergency 
electrical backup during power failures at locations such as wastewater treatment plants and 
maintenance facilities.  Generators are fueled by either: LPG (propane), gasoline, or diesel fuel.  
Actual generator emissions are based on 30 hours of operation per year, while potential 
emissions are based on 500 hours of operation per year.  Rated capacities for distillate oil-fired 
boilers and furnaces located at lodges and other ARAMARK facilities were not available. 
Therefore, potential emissions for these sources have been based on twice the actual emissions.  
Individual throughputs for NPS distillate fuel and propane heating equipment, consisting of hot 
water furnaces, were not available.  Therefore, emission estimates for NPS operations are based 
on park-wide consumption. Furthermore, actual emissions from concessionaire propane usage, 
including heating and cooking equipment, have been based on the overall consumption of 
propane by location, and not on individual equipment usage.   Potential emissions from 
concessionaire propane use are also based on twice the actual emissions. 
 
Tables 1 and 3 provide actual and potential emissions from NPS generators, respectively.   
Tables 2 and 4 provide actual and potential emissions from other fuel burning equipment, 
respectively.  As can be seen from Tables 1 and 2, actual emissions from generators and other 
fuel sources at Shenandoah NP are minimal.  
 
The emission factors used for each fuel burning type are denoted in Tables 1 through 4.
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Location Fuel Number of Rating Run Time PM SO2 NOx CO VOC
Sources (kW) (hrs/yr) (lbs/yr) (lbs/yr) (lbs/yr) (lbs/yr) (lbs/yr)

Big Meadows Maintenance Area Propane 1 45.0 30 0 2 6 2 0
HQ Dispatch Propane 1 20.0 30 0 1 3 1 0
Loft Mtn. Radio Repeater Propane 1 12.5 30 0 0 6 221 11

Propane Generator Totals 77.5 90 1 4 15 223 11
EF from AP-42, Chapt 3.1-1 for NG Uncont. Turbines (lb/hp-hr), S=.18 1.54E-04 .52E-03*S 3.53E-03 8.60E-04 1.92E-04
Formula = EF (lb/hp-hr) * 608 (g/kW-hr / lb/hp-hr) * Output (kW-hr/yr) / 453.6 (g/lb)
1 Trailer mounted auxillary unit Diesel 1 30.0 30 3 0 37 8 3
2 Trailer mounted lighting units Diesel 2 5.0 30 1 0 12 3 1
Big Meadows Housing Area Diesel 1 15.0 30 1 0 19 4 2
Big Meadows WWTP Diesel 1 180.0 30 16 1 224 48 18
HQ Auto Repair Shop Diesel 1 40.0 30 4 0 50 11 4
HQ Warehouse, I&M Offices Diesel 1 175.0 30 15 1 218 47 18
Loft Mtn. WWTP Diesel 1 100.0 30 9 0 125 27 10
Mathews Arm WWTP Diesel 1 70.0 30 6 0 87 19 7
Simmons Gap Maintenance Shop Diesel 1 30.0 30 3 0 37 8 3
Skyland Sewer Lift Station Diesel 1 55.0 30 5 0 69 15 6
Skyland WWTP Diesel 1 165.0 30 15 1 206 44 17
Thornton Gap WWTP Diesel 1 60.0 30 5 0 75 16 6

Diesel Generator Totals 925 360 82 4 1159 250 94
EF from AP-42, Chapt.3.4-1 for small generators 2.20E-03 2.05E-03 3.10E-02 6.68E-03 2.51E-03
Formula = Output (kW-hr/yr) * 1.34 (hp/kW)  * Emission Factor (lb/hp-hr)
Simmons Gap Maintenance Office Gasoline 1 30.0 30 1 0 13 529 26
Simmons Gap Residence Gasoline 1 10.5 30 0 0 5 185 9
Simmons Gap Stone House Gasoline 1 13.5 30 0 0 6 238 12
Small portable generators Gasoline 3 5.0 30 0 0 7 265 13

Diesel Generator Totals 59.0 120 2 0 31 1218 60
EF from AP-42, Chapt. 3.4-1 for small generators 7.21E-04 5.91E-03 1.10E-02 4.39E-01 2.16E-02
Formula = Output (kW-hr/yr) * 1.34 (hp/kW)  * Emission Factor (lb/hp-hr)

All Generators Total lbs/yr 85 8 1,204 1,690 165
tons/yr 0.0 0.0 0.6 0.8 0.1

Table 1.  Actual Emissions from Generators
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Location Fuel Number of Consumption PM SO2 NOx CO VOC
Sources (gal/yr) (lbs/yr) (lbs/yr) (lbs/yr) (lbs/yr) (lbs/yr)

Big Meadows Lodge (ARAMARK) No. 2 Oil 2 13,741 5 976 247 69 10
Elkwallow (ARAMARK) No. 2 Oil 1 467 0 33 8 2 0
Panorama (ARAMARK) No. 2 Oil 1 4,121 2 293 74 21 3
Skyland (ARAMARK) No. 2 Oil 2 13,494 5 958 243 67 10
NPS Operations No. 2 Oil Multiple 13,000 5 923 234 65 9

No. 2 Oil Boiler Totals 31,823 13 2,259 573 159 23
EF from AP-42, Tables 1.3-1 and 1.3-3 for residential furnaces, S=.5 0.4 142*S 18.0 5.0 0.713
Formula = Consumption (gal/yr) / 1000 * Emission Factor (lb/1000gal)
Big Meadows Lodge Propane 9 11,240 4 0 157 22 56
Big Meadows Wayside Propane 1 8,601 3 0 120 17 43
Elkwallow Propane None 0 0 0 0 0 0
Lewis Mountain Propane 3 547 0 0 8 1 3
Loft Mountain Propane 1 1,864 1 0 26 4 9
Panorama Propane 2 3,245 1 0 45 6 16
Skyland Propane 1 32,350 13 1 453 65 162
NPS Operations Propane Multiple 33,000 13 1 462 66 165

Combined LPG Totals 57,847 23 1 810 116 289
EF from AP-42, Tables 1.5-1 for residential furnaces, S=.18 0.4 .1*S 14 2 0.5
Formula = Consumption (gal/yr) / 1000 * Emission Factor (lb/1000gal)

lbs/yr 36 2,260 1,383 275 312
tons/yr 0.0 1.1 0.7 0.1 0.2

Table 2.  Actual Emissions from Other Fuel Burning Equipment

All Other Fuel Burning Equipment Total
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EF from AP-42, Chapt. 3.4-1 for small generators 7.21E-04 5.91E-03 1.10E-02 4.39E-01 2.16E-02
Formula = Output (kW-hr/yr) * 1.34 (hp/kW)  * Emission Factor (lb/hp-hr)

lbs/yr 1,417 1,369 20,071 28,171 2,751
tons/yr 0.7 0.7 10.0 14.1 1.4

All Generators Total

Location Fuel Number of Rating Run Time PM SO2 NOx CO VOC
Sources (kW) (hrs/yr) (lbs/yr) (lbs/yr) (lbs/yr) (lbs/yr) (lbs/yr)

Big Meadows Maintenance Area Propane 1 45.0 500 5 41 106 26 6
HQ Dispatch Propane 1 20.0 500 2 18 47 12 3
Loft Mtn. Radio Repeater Propane 1 12.5 500 6 5 92 3677 181

Propane Generator Totals 77.5 1,500 13 64 246 3714 189
EF from AP-42, Chapt 3.1-1 for NG Uncont. Turbines (lb/hp-hr), S=.18 1.54E-04 .52E-03*S 3.53E-03 8.60E-04 1.92E-04
Formula = EF (lb/hp-hr) * 608 (g/kW-hr / lb/hp-hr) * Output (kW-hr/yr) / 453.6 (g/lb)
1 Trailer mounted auxillary unit Diesel 1 30.0 500 44 41 623 134 50
2 Trailer mounted lighting units Diesel 2 5.0 500 15 14 208 45 17
Big Meadows Housing Area Diesel 1 15.0 500 22 21 312 67 25
Big Meadows WWTP Diesel 1 180.0 500 265 247 3739 806 303
HQ Auto Repair Shop Diesel 1 40.0 500 59 55 831 179 67
HQ Warehouse, I&M Offices Diesel 1 175.0 500 258 240 3635 783 294
Loft Mtn. WWTP Diesel 1 100.0 500 147 137 2077 448 168
Mathews Arm WWTP Diesel 1 70.0 500 103 96 1454 313 118
Simmons Gap Maintenance Shop Diesel 1 30.0 500 44 41 623 134 50
Skyland Sever Lift Station Diesel 1 55.0 500 81 76 1142 246 92
Skyland WWTP Diesel 1 165.0 500 243 227 3427 738 277
Thornton Gap WWTP Diesel 1 60.0 500 88 82 1246 269 101

Diesel Generator Totals 925.0 6000 1371 1277 19316 4162 1564
EF from AP-42, Chapt.3.4-1 for small generators 2.20E-03 2.05E-03 3.10E-02 6.68E-03 2.51E-03
Formula = Output (kW-hr/yr) * 1.34 (hp/kW)  * Emission Factor (lb/hp-hr)
Simmons Gap Maintenance Office Gasoline 1 30.0 500 14 12 221 8824 434
Simmons Gap Residence Gasoline 1 10.5 500 5 4 77 3088 152
Simmons Gap Stone House Gasoline 1 13.5 500 7 5 99 3971 195
Small portable generators Gasoline 3 5.0 500 7 6 111 4412 217

Diesel Generator Totals 59.0 2000 33 27 509 20295 998

Table 3.  Potential Emissions from Generators
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Location Fuel Number of PM SO2 NOx CO VOC
Sources (gal/yr) (lbs/yr) (lbs/yr) (lbs/yr) (lbs/yr) (lbs/yr)

Big Meadows Lodge No. 2 Oil 2 27,482 22 3,902 989 275 39
Elkwallow No. 2 Oil 1 934 1 133 34 9 1
Panorama No. 2 Oil 1 8,242 7 1,170 297 82 12
Skyland No. 2 Oil 2 26,988 22 3,832 972 270 38
NPS Operations No. 2 Oil Multiple 26,000 21 3,692 936 260 37

No. 2 Oil Boiler Totals 63,646 51 9,038 2,291 636 91
EF from AP-42, Tables 1.3-1 and 1.3-3 for residential furnaces, S=.5 0.4 142*S 18.0 5.0 0.713
Formula = Consumption (gal/yr) / 1000 * Emission Factor (lb/1000gal)
Big Meadows Lodge Propane 9 22,480 18 1 629 90 225
Big Meadows Wayside Propane 1 17,202 14 1 482 69 172
Elkwallow Propane None 0 0 0 0 0 0
Lewis Mountain Propane 3 1,094 1 0 31 4 11
Loft Mountain Propane 1 3,728 3 0 104 15 37
Panorama Propane 2 6,490 5 0 182 26 65
Skyland Propane 1 64,700 52 2 1,812 259 647
NPS Operations Propane Multiple 66,000 53 2 1,848 264 660

Combined LPG Totals 115,694 93 4 3,239 463 1,157
EF from AP-42, Tables 1.5-1 for residential furnaces, S=.18 0.4 .1*S 14 2 0.5
Formula = Consumption (gal/yr) / 1000 * Emission Factor (lb/1000gal)

lbs/yr 143 9,042 5,531 1,099 1,248
tons/yr 0.1 4.5 2.8 0.5 0.6

Consumption
Table 4.  Potential Emissions from Other Fuel Burning Equipment

All Other Fuel Burning Equipment Total
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Storage Tanks 
 
Storage tank emissions include both standing (or breathing) losses and working losses of VOC.  
Breathing losses result from the expansion and contraction of vapors due to diurnal temperature 
fluctuations.  Working losses result from displacement of headspace vapors as a tank is being 
filled, or from the expansion of organic vapors as liquid is being withdrawn.        
 
The NPS operates aboveground storage tanks (AST) for gasoline at four locations:  Piney River, 
Headquarters, Big Meadows, and Simmons Gap.  Each of these tanks has a capacity of 2000 
gallons with a combined annual throughput for 1999 of approximately 72,000 gallons.   Working 
losses from these tanks are controlled by vapor balancing during filling which results in a 
minimum control efficiency of 90%. 
 
ARAMARK operates a number of underground storage tanks (UST) for gasoline at various 
locations: Big Meadows Wayside, Loft Mountain, and Elkwallow.   Based on sales estimates, the 
annual throughputs (1999) for these locations are approximately 108,000, 40,000, and 36,000 
gallons, respectively.   Because the ARAMARK gasoline tanks are underground, they are not 
subject to diurnal temperature variations and therefore are expected to have negligible breathing 
losses.  The ARAMARK gasoline tank working losses are minimized by vapor balancing. 
 
The EPA TANKS (version 4.09) software was used to estimate storage tank emissions.  TANKS 
is based on the emission estimation procedures of Chapter 7 of AP-42.  TANKS output reports 
for NPS and ARAMARK gasoline storage tanks can be found in Appendix B. 
 
In addition to gasoline storage tanks, several No. 2 fuel oil, diesel fuel, and LPG storage tanks 
are located within Shenandoah NP.   Emissions from No. 2 fuel oil and diesel fuel storage tanks 
are negligible due to the low volatility of these fuels.   A sample TANKS run was performed for 
diesel fuel to confirm that the emissions are negligible (refer to Appendix B).  LPG storage tanks 
are maintained at high pressure and therefore also have negligible emissions.  
 
Annual gasoline storage tank losses for 1999, as well as potential losses, are presented in Table 
5.  The total actual VOC emissions from gasoline storage tanks for 1999 were 0.5 tons.  
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Tank Identification Volume Typea
Thruput

Uncont. 
(lbs/yr)

Cont. 
(lbs/yr)

Uncont. 
(lbs/yr)

Cont. 
(lbs/yr)

Big Meadows 2000 AST 18000 223 NA 126 13
Headquarters 2000 AST 18000 223 NA 126 13
Piney River 2000 AST 18000 223 NA 126 13
Simmons Gap 2000 AST 18000 223 NA 126 13

Big Meadows Wayside 1 3000 UST 36000 0 NA 241 24
Big Meadows Wayside 2 3000 UST 36000 0 NA 241 24
Big Meadows Wayside 3 3000 UST 36000 0 NA 241 24
Elkwallow 1 1000 UST 6000 0 NA 40 4
Elkwallow 2 2000 UST 12000 0 NA 80 8
Elkwallow 3 3000 UST 18000 0 NA 120 12
Loft Mountain 1 1000 UST 6700 0 NA 45 4
Loft Mountain 2 2000 UST 13400 0 NA 90 9
Loft Mountain 3 3000 UST 20100 0 NA 135 13

Total 891 NA 1738 174
Combined Total Controlled (lb/yr) 1065
Combined Total Controlled (ton/yr) 0.5

Table 5.  Gasoline Storage Tank VOC Emissions

NPS Gasoline Storage Tanks

ARAMARK Gasoline Storage Tanks

aUST = Underground Storage Tank 
(horizontal); AST = Above Ground 
Storage Tank (horizontal)

Breathing Losses Working Losses

 
 
Waste Water Treatment Plants 
 
Shenandoah NP operates wastewater treatment plants (WWTP) at five locations: Big Meadows, 
Loft Mountain, Mathews Arm, Panorama, and Skyland.  The Big Meadows WWTP operates 
year round, while the remaining WWTP operate seasonally.  VOC emissions from WWTP are 
based on an emission factor of 8.9 lb VOC per million gallons of wastewater treated (from EPA 
FIRE Database for SCC 50100701).  Potential WWTP emissions are based on the rated daily 
treatment capacity of the unit and 8,760 hours of operation per year.  Both actual and potential 
emissions from WWTP are presented in Table 6. 
 

Capacity 1999 Thruput
Location Period (gal/day) (gal/yr) Actual Potential

Big Meadows All year 130,000 8,998,300 80 422
Loft Mountain May-Early Nov 35,000 1,307,000 12 114
Mathews Arm May-Early Nov 25,000 532,000 5 81
Panorama May-Early Nov 15,000 383,600 3 49
Skyland April-Dec 70,000 10,741,300 96 227

Total (lbs/yr) 195 893
(tons/yr) 0.1 0.4

VOC Emissions (lbs/yr)
Table 6.  Waste Water Treatment Plants VOC Emissions
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Mobile Source Emissions 
 
As auto touring is one of the principal activities enjoyed by visitors to Shenandoah NP, mobile 
source emissions are of particular interest in assessing park emissions.  Mobile source emissions 
can be categorized as either exhaust emissions or evaporative emissions.  Exhaust emissions are 
related to the combustion of fuel in the engine and include VOC, NOx, CO, and PM.  Exhaust 
emissions are dependent on a number of factors, including engine load, engine design and age, 
combustion efficiency, emissions control equipment such as catalytic converters, and other 
factors.  Evaporative emissions, which can occur while the vehicle is running or at rest, are 
related to the volatilization of fuel from vapor expansion, leaks and seepage, and fuel tank vapor 
displacement.  Evaporative emissions are primarily dependent on daily temperature cycles and 
fuel volatility. 
 
In addition to vehicle exhaust, PM emissions also result from brake and tire wear, as well as the 
re-entrainment of dust from paved and unpaved roads (referred to as fugitive dust). 
 
Emission factors produced by the MOBILE5b model were used in conjunction with vehicle 
miles traveled (VMT) data in order to estimate mobile source emissions for VOC (both exhaust 
and evaporative), NOx, and CO.   Similarly, emission factors produced by the PART5 model 
were used in conjunction with VMT data to estimate PM emissions.  Both the MOBILE5b and 
PART5 models are typically used to support planning and modeling efforts in urban or regional 
areas, and include default inputs suited for these applications.  Therefore, it was necessary to 
utilize specific modeling inputs that reflect mobile source operation along Skyline Drive in the 
park.  Specifically, as discussed below, unique inputs were used for the park to characterize the 
vehicle mix and age distribution.  
 
Mobile Source Activity Data 
 
Activity data used to support estimates of mobile source emissions included VMT and idle times.  
Separate VMT estimates were developed for summer (April through September) and winter 
(October through March) to correspond to the MOBILE5b emission factors for these periods. 
 
The major roadway through Shenandoah NP is Sykline Drive, extending some 105 miles from 
the north entrance station near Front Royal to the south entrance station near Rockfish.  Two 
other entrance stations provide motorists access to Skyline Drive: Thornton Gap at mile marker 
31 and Swift Run Gap at mile marker 65.  Shenandoah NP is bisected by Highway 211 in the 
north and Highway 33 in the south.  However, the majority of the traffic on these highways is 
through-traffic and therefore was not considered in estimating the park mobile source emissions.  
Refer to Figure 1 for a map of the park and roadways. 
 
The vehicles entering Shenandoah NP are predominately visitor vehicles engaged in recreation, 
but also include non-recreation vehicles and employee vehicles.  Traffic counts are recorded for 
each of these categories at each entrance station.  Buses are accounted for separately in the traffic 
counts.  The traffic counts are collected by park personnel and tabulated by the NPS Public Use 
Statistics Office.  
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Annual VMT for each entrance station was generated by multiplying vehicle counts by an 
estimated trip distance.  The trip distances assumed for the Front Royal, Thornton Gap, Swift 
Run, and Rockfish entrance stations were 40, 45, 50, and 55 miles, respectively.  Note that VMT 
from non-recreational vehicles and employee vehicles was treated collectively with visitor 
vehicles because mileage accumulation data were not available for these vehicles.  Nonetheless, 
based on entrance station counts, emissions from non-recreational vehicles and employee 
vehicles are expected to contribute less than 12% of the mobile emissions.   The VMT for all 
vehicles, by entrance station for the summer and winter seasons, are presented in Table 7 below. 
 

Cars Buses Cars Buses Cars Buses
Front Royal 7391880 6570 4681305 3285 2710575 3285
Thornton Gap 8654400 17250 5700000 10550 2954400 6700
Panorama 42500 NA 5000 NA 37500 NA
Swift Run 6929780 14245 4517425 10285 2412355 3960
Rocksfish 5385360 2220 3569040 1320 1816320 900
Totals 28403920 40285 18472770 25440 9931150 14845
aIncludes visitor, employee, and non-recreation vehicles

Annual Summer
Entrance Station

Winter
Table 7.  Total Vehicle Miles Traveled by Entrance Station (1999)a

 
 
 
The assumed idle time for all vehicle types and classes was 15 minutes per visit. 
 
Mobile Source Emission Factors 
 
MOBILE5b produces exhaust and evaporative emission factors for the following classes of 
vehicles: Light Duty Gasoline Vehicles (LDGV), Light Duty Gasoline Trucks 1 (LDGT1), Light 
Duty Gasoline Trucks 2 (LDGT2), Heavy Duty Gasoline Vehicles (HDGV), Light Duty Diesel 
Vehicles (LDDV), Light Duty Diesel Trucks (LDDT), Heavy Duty Diesel Vehicles (HDDV), 
and Motorcycles.  It also produces a composite emission factor for all vehicles based on the 
vehicle VMT mix supplied to the model.  Inputs to the model include average vehicle speed, 
vehicle VMT mix, annual mileage accumulation rates and registration distributions by age, 
inspection and maintenance (I/M) program information, fuel information, ambient temperature 
data, and others. 
 
MOBILE5b is commonly used to develop emission factors to support planning and modeling 
efforts for ozone nonattainment areas.  As such, it is ideally suited for application in large urban 
areas and over large, regional transportation networks.  Application of the MOBILE5b model 
therefore required the utilization of unique inputs that were representative of mobile source 
activity within the park.  In particular, it was necessary to utilize unique inputs for the vehicle 
VMT mix and the vehicle age distribution.  The Center for Environmental Research and 
Technology within the College of Engineering at the University of California’s Riverside 
Campus (CE-CERT) established park-specific vehicle fleet characterizations in developing air 
emission inventories for Arches National Park and Zion National Park (CE-CERT, 2001).  CE-
CERT found that the distribution of vehicle classes, and thereby VMT, within the park reflected 
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a higher fraction of LDDV, LDGT, and motorcycles and a lower fraction of HDDV.  CE-CERT 
also found that the distribution of vehicle ages in the park reflected a larger fraction of newer 
vehicles.  The park-specific VMT mix and vehicle age distribution developed by CE-CERT have 
been applied in the mobile modeling for Shenandoah NP.  
 
In addition to VMT mix and age distribution, CE-CERT also established park-specific modeling 
inputs for driving pattern characterization.   CE-CERT found that park driving patterns differ 
significantly from the default driving patterns typically used in mobile modeling, such as the 
Federal Test Procedure (FTP).  In particularly, they found that the FTP reflects both higher 
speeds and a wider range of speeds than observed in the parks.  However, because the 
MOBILE5b model is not designed to readily incorporate unique driving pattern data, the default 
driving cycle remains the basis for the mobile source emission estimates provided here. 
 
Other important mobile modeling inputs that can significantly affect mobile emission factors are 
the average speed, fuel characteristics, and I/M program parameters.  The average speed input to 
the mobile models was 35 mph, the speed limit along Skyline Drive.  Consistent with the fuel 
characteristics of the out-state Virginia area and of the park gas stations, the fuel volatility was 
assumed to be RVP 9 and reformulated gasoline was not assumed to be present.  Finally, I/M 
program inputs were not included since, although Northern Virginia and Washington D.C. do 
operate I/M programs, many of the visitor vehicles entering the park are not subject to an I/M 
program. 
 
In order to account for seasonal differences in mobile emissions, separate MOBILE5b runs were 
performed to produce emission factors for winter and summer.  A composite emission factor for 
each season, reflecting a park specific VMT mix adapted from CE-CERT, served as the basis for 
mobile source emission estimates.  Table 8 presents the composite mobile source emission 
factors produced by the MOBILE5b (VOC, NOx, and CO) and PART5 (PM) models. 
 

VOC NOx CO VOC NOx CO

0.95 0.93 8.41 11.23 3.43 187.09

0.99 1.06 12.65 16.39 3.91 280.28

Paved Unpaved
(g/mi) (g/mi)

All Vehicles 0.84 271.25
Buses 0.84 NA

Fugitive PM10

(g/mi)
0.066

Exhaust, Brake, and Tire PM10

0.392

Composite MOBILE5b Emission Factors

Composite PART5 Particulate Emission Factors

Winter

Table 8.  Mobile Source Emission Factors

Composite (g/mi) Idle (g/hr)

Summer

 
 

 
MOBILE5b and PART5 input and output files can be found in Appendix C. 
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Mobile Source Emissions Summary 
 
As can be seen in Table 9, the majority of mobile source emissions occur during the summer 
season when visitation is the highest. 
 

Sesaon VOC NOx CO PM10

Summer 21.1 19.5 189.9 ---
Winter 11.7 11.8 153.6  --- 
Annual 32.8 31.3 343.5 40.8

Table 9.  Total Mobile Source Emissions (tons/yr)

 
 
Area Source Emissions 
 
Prescribed Burning and Wildfires 
 
Fire emissions at Shenandoah NP originate from both prescribed burning and wildfires.    
Prescribed burning fires are intentionally ignited to achieve fire management objectives.  
Wildfires are most often the result of accidental human ignitions or arson, but may also result 
from natural ignitions.  Historically, wildfires at Shenandoah NP have been suppressed, but may 
be utilized in the future to achieve resource benefits (i.e., as wildland fire use [WFU]).  
Typically, emissions from prescribed fire and WFU associated with ecosystem maintenance, as 
well as emissions from suppressed wildfires, are considered natural.  In contrast, emissions from 
all other fire activities, including prescribed fire associated with ecosystem restoration, are 
considered anthropogenic.  However, for the purposes of this inventory, all prescribed burning 
emissions are treated as anthropogenic.  Table 10 shows emission estimates for prescribed 
burning and wildfires based on the number of acres burned for 1999.   The emission factors for 
fire activities in the park are taken from AP-42, Section 13.1, Wildfires and Prescribed Burning.  
These emission factors are generalized for large regions and may not accurately reflect fire 
characteristics in Shenandoah NP. 
 

Fire Type Acres VOC NOx CO PM10 
Table 10.  Prescribed Burnin

Wildfire Suppression 3334.8 360.2 60.0 2100.9 216.5
Prescribed Burning 1436.0 41.4 25.8 723.7 77.5
Wildfire Fire Use (WFU) 0.0 0.0 0.0 0.0 0.0  

g and Wildfire Emissions (tons/yr)

 
Detailed information on wildfire and prescribed burning procedures and activities can be found 
in the Shenandoah National Park Wildland Fire Management Plan (NPS, 1993).   The plan is 
currently being revised to reflect new fire management policies. 
 
Fireplace and Campfires 
 
Firewood for campfires is sold at several locations in the park.  It has been assumed that 80% of 
the campfire firewood is purchased on-site, while the remainder is brought into the park from 
outside. Annual firewood usage for campfires is based on sales figures for 1999.  In addition to 
firewood sold for campfires, firewood is provided at Big Meadows Lodge and Skyland Lodge 
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for use in fireplaces.  The emission factors for fireplace and campfire emissions are taken from 
AP-42, Section 1.9, Residential Wood Burning.  Emissions from fireplaces and campfires are 
presented in Table 11. 
 

Location Cords tons/yr PM10 CO SO2 NOx VOC

Elkwallow 11 19.6 0.3 2.5 0.0 0.0 2.2
Big Meadows Wayside 149 267.9 4.6 33.8 0.1 0.3 30.7
Lewis Mountain 21 38.5 0.7 4.9 0.0 0.1 4.4
Loft Mountain 62 111.0 1.9 14.0 0.0 0.1 12.7

Big Meadows Lodge 45 81.0 1.4 10.2 0.0 0.1 9.3
Skyland Lodge 15 27.0 0.5 3.4 0.0 0.0 3.1

Total 545 9.4 68.8 0.1 0.7 62.4

Campfires

Fireplaces

Table 11. Fireplace and Campfire Emissions (tons/yr)

 
 
Emissions Summary and Comparison 
 
Table 12 provides a summary of in-park emissions.  As can be seen from Table 12, prescribed 
burning, fireplaces and campfires, and mobile sources are the largest contributors to park 
emissions.  Stationary sources contribute very little to the overall park emissions. 
 

VOC NOx SO2 PM10 CO

Generators 0.1 0.6 0.0 0.0 0.8
External Combustion 0.0 0.0 0.0 0.0 0.0
WWTP 0.1 --- --- --- ---
Gasoline Tanks 0.5 --- --- --- ---
Subtotal 0.7 0.6 0.0 0.0 0.8

All Vehicles 32.8 31.3 --- 40.8 343.5

Prescribed Burning 41.4 25.8 --- 77.5 723.7
Fireplaces and Campfires 62.4 0.7 0.1 9.4 68.8
Subtotal 103.8 26.6 0.1 87.0 792.6
Overall Total 137.3 58.4 0.1 127.8 1136.9

Mobile Sources

Area Sources

Table 12.  Shenandoah NP 1999 Emissions Summary (tons)

Stationary Sources

 
  
The Park is surrounded by the counties of Albermarle, Augusta, Greene, Madison, Page, 
Rappahannock, Rockingham, and Warren.  Emission estimates for these counties, and for the 
Commonwealth of Virginia, were obtained from the 1999 NEI maintained by EPA.  It is 
important to note that differences may exist between the methodologies used to generate the park 
emission inventory and those used to generate the NEI.  For example, here gasoline storage tanks 
have been included as stationary sources, while the NEI treats them as area sources.  Table 13 
provides a comparison of Shenandoah NP emissions with those from the surrounding counties 
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and the state.  For all pollutants, Shenandoah NP emissions account for less than 1% of the 
surrounding county emissions.  Figure 2 displays the contribution of Shenandoah NP emissions 
relative to the surrounding counties.  
 

VOC NOx SO2 PM10 CO

Shenandoah NP 136.6 57.8 0.1 127.8 1136.0
Albermarle Co. 6655.0 8035.0 591.0 6005.0 47313.0
Augusta Co. 6248.0 6943.0 462.0 6512.0 36487.0
Greene Co. 906.0 812.0 62.0 1450.0 5128.0
Madison Co. 1100.0 944.0 70.0 1788.0 5733.0
Page Co. 1570.0 1568.0 112.0 2086.0 9974.0
Rappahannock Co. 562.0 490.0 36.0 989.0 2661.0
Rockingham Co. 5640.0 7214.0 488.0 7286.0 31925.0
Warren Co. 2232.0 2550.0 166.0 1930.0 15440.0
Surrounding County Total 24913.0 28556.0 1987.0 28046.0 154661.0
VA State Total 437462.0 406884.0 40106.0 344603.0 2452333.0

Shenandoah NP 0.7 0.6 0.0 0.0 0.8
Albermarle Co. 167.0 289.0 563.0 96.0 121.0
Augusta Co. 379.0 1067.0 1732.0 156.0 78.0
Greene Co. 13.0 20.0 0.5 2.0 17.0
Madison Co. 14.0 3.0 13.0 1.0 1.0
Page Co. 44.0 41.0 19.0 4.0 11.0
Rappahannock Co. 0.5 1.0 1.0 1.0 1.0
Rockingham Co. 633.0 568.0 1073.0 196.0 205.0
Warren Co. 57.0 39.0 109.0 18.0 4.0
Surrounding County Total 1307.5 2028.0 3510.5 474.0 438.0
VA State Total 59144.0 168416.0 334941.0 19550.0 66873.0

Shenandoah NP 137.3 58.4 0.1 127.8 1136.9
Albermarle Co. 6822.0 8324.0 1154.0 6101.0 47434.0
Augusta Co. 6627.0 8010.0 2194.0 6668.0 36565.0
Greene Co. 919.0 832.0 62.5 1452.0 5145.0
Madison Co. 1114.0 947.0 83.0 1789.0 5734.0
Page Co. 1614.0 1609.0 131.0 2090.0 9985.0
Rappahannock Co. 562.5 491.0 37.0 990.0 2662.0
Rockingham Co. 6273.0 7782.0 1561.0 7482.0 32130.0
Warren Co. 2289.0 2589.0 275.0 1948.0 15444.0
Surrounding County Total 26220.5 30584.0 5497.5 28520.0 155099.0
VA State Total 496606.0 575300.0 375047.0 364153.0 2519206.0

All Sources

Point Source

Area and Mobile Source

Table 13.  Shenandoah NP Annual Emissions Totals (tons) and Comparison 
with Surrounding Counties
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Figure 2.  Contribution of Shenandoah NP Relative to Surrounding Counties 
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Compliance with State and Federal Air Pollution Regulations 
 
Regulatory requirements which were considered for Shenandoah NP include those for 
permitting, general and transportation conformity, new source performance, open burning and 
fugitive dust.  All Federal regulatory requirements that may have applicability to Shenandoah NP 
are delegated to the Commonwealth of Virginia.  Therefore, only the state air regulations have 
been reviewed.  Shenandoah NP complies with all applicable air regulations. 
 
Stationary Source Permitting 
 
The Virginia Department of Environmental Quality (VDEQ) was contacted to determine the 
existence of any air pollution permits, and compliance with those permits, for Shenandoah NP.  
VDEQ indicated that Shenandoah NP does not currently hold any permits for air pollution 
sources.  Virginia air permitting regulations for stationary sources are contained in 9 VAC 
Chapter 80, Permits for Stationary Sources.  Several air permitting programs exist in the 
Commonwealth of Virginia: Title V operating permits, state operating permits, major source 
permits for new and modified sources of both criteria pollutants and HAPs, and general permits.  
The Title V permitting thresholds applicable to Shenandoah are 100 tpy for criteria pollutants 
and 10 tpy for any single HAP or 25 tpy for all HAPs combined.  The park-wide potential 
emissions, including those from concessionaire activities, are well below the Title V applicability 
thresholds.   In addition, the remaining Virginia permitting requirements are not applicable to 
Shenandoah NP because emissions are below applicability thresholds. 
 
Open Burning 
 
Prescribed burning is utilized as a fire management tool at Shenandoah NP.  It is conducted to 
protect property and natural resources and to maintain ecosystems in a healthy, natural state.  
Management of fuel levels also reduces the amount of air pollution emitted during intense 
wildfires.  Prescribed burning is specifically permitted by section 9 VAC 5-40-5631, Forest 
management and agricultural practices, provided that certain fire management practices are met.  
A review of the park Fire Management Plan (FMP) suggests that the fire management practices 
are being adhered to.   Otherwise, open burning is not conducted within the park. 
 
Fugitive and Visible Emissions  
 
Virginia air regulations pertaining to fugitive dust and visible emissions are contained in 9 VAC 
Chapter 40, Part II, ARTICLE 1, Visible Emissions and Fugitive Dust/Emissions (Rule 4-1). The 
emission standards contained in this rule are generally applicable to any source of visible or 
fugitive emissions.  Therefore, this rule is applicable to combustion sources at the park (for 
visible emissions), as well as road dust (for fugitive emissions).   The visible emission standard 
requires that opacity not exceed 20%.  The fugitive dust emission standard requires that 
measures be taken to minimize fugitive emissions, such as application of dust suppressants on 
unpaved roads.  Visible emissions within the park have not been observed to exceed the opacity 
standards.  Likewise, fugitive emissions levels from unpaved roads have not observed to be 
problematic, as vehicle traffic along these roads is limited to park vehicles and is not substantial.  
Furthermore, other park activities, such as campfire burning, are dispersed and have not proven 
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to be a significant source of fugitive emissions.  Therefore, the park complies with the Virginia 
fugitive and visible emissions regulations.  Note that these standards are not appropriate for 
prescribed burning for which specific regulations have been adopted.  
 
NSPS and NESHAP 
 
New Source Performance Standards (NSPS) apply to certain types of stationary sources of 
criteria pollutants that were constructed or modified after a specified date.  Similarly, the 
National Emission Standards for Hazardous Air Pollutants (NESHAP) apply to certain source of 
HAPs that were constructed or modified after a specified date.  NSPS and NESHAP standards 
are incorporated by reference in 9 VAC Chapter 50 and 9 VAC Chapter 60.  Shenandoah NP 
does not own or operate any facilities or equipment that are subject to NSPS or NESHAP 
requirements. 
 
Conformity 
 
Conformity requirements, both general and transportation, require that federal activities within 
nonattainment areas (i.e., areas that do not meet the NAAQS) conform to the State 
Implementation Plan (or SIP).  General and transportation conformity regulations are addressed 
in 9 VAC Chapter 160 and 9 VAC Chapter 150, respectively.  General conformity applies to 
projects with emissions expected to be above a certain thresholds, or that otherwise result in 
emissions increases that are regionally significant.  Transportation conformity applies to 
transportation projects receiving federal funding, or that may otherwise be regionally significant.  
Shenandoah NP is not currently part of a nonattainment area for any pollutant, and therefore 
conformity requirements are not currently applicable.   However, it is anticipated that portions of 
Page and Madison County will be designated as nonattainment under the 8-hr ozone standard 
within the near future.   Accordingly, park management personnel will need to consider all future 
projects with the potential for increased ozone precursor (VOC and NOx) emissions, including 
fire management activities and transportation planning, in terms of conformity requirements. 
 
  
Mitigation Strategies 
 
As prescribed burning is a large contributor to overall park emissions, it is a logical candidate for 
considering emission mitigation strategies.  The park Fire Management Plan (FMP) incorporates 
guidelines for ensuring that prescribed burning does not negatively impact air quality, and to 
some extent identifies strategies for mitigating emissions.  In order to reduce the magnitude and 
impact of smoke emissions, the park implements the following measures: burning is only 
conducted during favorable meteorological conditions, such as when visibility is greater than 5 
miles, mixing heights are above 2000 feet, and wind speeds exceed 5 mph; banking and flanking 
fires are use to minimize particulate emissions; prescribed fires are not conducted during ozone 
alerts or other health advisories, and, appropriate outreach steps are taken to ensure public 
awareness of burning activities.  Additional reductions in smoke emissions could be achieved by 
more aggressive prescribed burning to reduce build up of fuels and by mechanical thinning in 
selected areas.  It is recommended that the FMP, which is currently under review, incorporate the 
most recent state and federal policy and guidance regarding smoke management.  It is also 
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recommended that it address a long-term prescribed burning strategy aimed at reducing 
emissions. 
 
Mobile sources also contribute significantly to the overall park emissions.  However, because 
auto touring has historically been one of the most popular activities at Shenandoah NP, and 
because the configuration of Skyline Drive is in most cases not conducive to certain 
transportation alternatives (e.g., shuttle buses), opportunities for mitigating mobile source 
emissions from visitor vehicles may be somewhat limited.  Nonetheless, as federal control 
measures for mobile sources are implemented, it can be expected that mobile source emissions in 
the park will decrease accordingly.  Moreover, NPS is currently considering policies that would 
limit the amount of time that tour buses spend idling (thereby reducing idling emissions).  Where 
park fleet vehicles are concerned, replacing pre-1994 vehicles, and switching to alternative fuel 
vehicles is another means by which emissions could be reduced.  A pilot program to assess the 
feasibility of alternative fuel vehicles in the park is currently being considered. 
 
Emission reductions of SO2 and other pollutants can be achieved by switching to cleaner burning 
or low-sulfur fuels.  ARAMARK has replaced older oil burning boilers and furnaces with 
propane burning units.  Further reductions will be achieved as older units are retired and 
additional new clean fuel units are added.  In addition, the park could reduce SO2 emissions by 
switching from high-sulfur to low-sulfur diesel heating fuel.  In 1999, the park, including 
ARAMARK, consumed 31,823 gallons of diesel fuel in heating applications, resulting in 2,260 
lbs of SO2 emissions.  Switching to low-sulfur fuel would reduce SO2 emissions by around 2000 
lbs annually at a cost less than $1000 per year.   For diesel fueled vehicles, switching to B20, a 
blend of 20% biodiesel and 80% conventional diesel, would lower emissions of all pollutants 
except for NOx at a cost of  $0.15 to $0.30 per gallon. 
 
In addition to measures specifically aimed at mitigating in-park air emissions, the park and 
concessionaire engage in a number of practices aimed at energy conservation, water 
conservation, waste reduction, and pollution prevention.  These practices are part of the Greening  
the Parks program and include: 
 
• Incandescent lighting has been replaced by fluorescent lighting in areas that require 

illumination 24 hours a day. 
• Water conservation products, such as low flow shower heads and toilets, have been installed. 
• Guest room towel and linen replacement programs are used to conserve water. 
• Electric, water, and fuel records are kept in order to track reductions in use and progress 

towards greening the park. 
• Winterization of guest facilities and establishing minimum heating and lighting needs. 
• Installation of soap and shampoo dispensers in guest rooms to reduce waste generation. 
• Recycling of office paper, cardboard, glass, plastic, and aluminum. 
• Use of photovoltaics to provide lighting in remote areas. 
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Conclusion 
 
In conclusion, Shenandoah NP contributes very little (less than 1% for all pollutants) to the man-
made emissions in the surrounding area.  Anthropogenic emissions from the park are dominated 
by prescribed burning, campfires, and motor vehicles.  In addition, the park complies fully with 
all state and federal air pollution regulations.  However, it is recommended that the park take 
additional steps to reduce its emissions, thereby demonstrating environmental leadership in 
regard to air pollution.  Among these are phasing out pre-1994 vehicles, phasing in alternative 
fuel vehicles, switching to cleaner burning fuels, limiting idling time for tour buses, and 
application of fire management practices aimed at reducing smoke emissions.   After portions of 
Shenandoah NP are officially designated ozone nonattainment areas, park managers will need to 
consider conformity requirements for all projects with the potential for increased ozone precursor 
emissions, including but not limited to fire management activities and transportation planning. 
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Appendix A 
 

Public Use Statistics 
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