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Chapter 1. Introduction 
Key Issues for Air Quality Management on the GMUG 
Two key air quality issues concerning the GMUG are air pollution (types of air pollutants 
and amounts) produced in and around the forests on the airshed scale, and the effects of air 
pollution to human health and forest natural resources. The protection of human health is 
mandated and enforced by the state’s implementation of the Clean Air Act. The Forests are 
responsible for establishing protection criteria, monitoring and taking actions to protect air 
quality-related values in GMUG’s Class I wilderness areas. Protecting these values also 
serves as a proxy for protection of forest natural resources outside of wilderness areas. 
In 2012, the Forest Service released a revised planning rule that, for the first time, requires 
national forests and grasslands to consider air quality when developing plan components. 
Specifically, planning rule directives require an assessment of critical loads and any critical 
load exceedances (Nilsson and Grennfelt, 1988). If critical loads have been exceeded, 
managers of forests and grasslands are required to develop plan components to protect or 
restore key ecosystem characteristics. Information from the Forest Service Air Quality Portal 
indicate current exceedances of some critical load thresholds in parts of the GMUG. 

Summary Public Input 
To date the public has expressed concern over air quality at the project-level as it relates to 
energy development, burning, and dust-on-snow events, and concerns about localized 
particulate matter as it relates to dust along roads and construction areas.  

Use of Best Available Science 
This air quality assessment relies entirely on existing and most current analysis, research and 
planning documents. We used information from several government, academic and private 
partnership consortiums that have conducted air quality emissions inventories, modeled 
pollution impacts, and have worked on air quality planning on a regional scale in and around 
the GMUG area. There is a great deal of extensive and complex data available, and this 
assessment only summarizes information relevant to the GMUG. Where information specific 
to the GMUG is lacking, other regional air quality studies are noted.  

Information Gaps 
Except for the BLM’s  CARMMS studies, comprehensive pollution dispersion modeling is 
lacking which would indicate the cumulative impacts from all regional sources to human 
health, wilderness, and forest airsheds. 
Lichen sampling data has been collected in the GMUG area for many years that can 
contribute to tracking air pollution impacts to Air Quality Related Values. However, to the 
best of our knowledge there have been no recent analyses made by qualified researchers who 
would interpret the data and its significance for guiding land managers. 
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Chapter 2. Condition and Trends 
Sources of Air Pollution: Anthropogenic Emissions 
Affecting National Ambient Air Quality Standards and 
Hazardous Air Pollution 
Colorado State has been divided into eight multi-county planning areas that are generally 
based on topography and have similar airshed characteristics. The planning area – the 
GMUG – considered in this analysis falls within three of Colorado’s air quality planning 
regions: 1) The Central Mountains Region includes Gunnison and Hinsdale Counties; 2) the 
San Luis Valley Region includes Saguache County; 3) the Western Slope Region includes 
Garfield, Mesa, Delta, Montrose, Ouray and San Miguel Counties (see Figure 1). Each of the 
three air quality planning regions currently comply with federal air quality standards 
(CAQDR 2013, CAPCD 2015). 
Notably, the Western Slope Region, along with the central mountains, are projected to be the 
fastest growing areas of Colorado through 2020 with greater than two percent annual 
population increases, according to the Colorado Department of Local Affairs. 
Currently there are no comprehensive Forest emissions inventories that estimate emissions 
exclusively from Forest administrative operations and permitted operations. Rather, 
emissions inventory data is available from the Intermountain West Data Warehouse, Western 
Air Quality Study for 2011 and 2025 for the nine counties the GMUG is located in Table 1. 
The inventory estimates depict an overall reduction in tons per year emissions between 2011 
and 2025 with six exceptions that are highlighted in bold (WDW 2105). Overall present and 
future reductions are mostly expected to result from increasing motor vehicle/internal 
combustion engine fuel efficiency and improving motor vehicle and industrial pollution 
control systems (CAPCD 2015).  
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Figure 1. State airsheds (CAPCD 2015) 
Note: The GMUG National Forests occupy portions of three airsheds: (1) the Central Mountains Region includes Gunnison 
and Hinsdale Counties (shown in turquoise); (2) the San Luis Valley Region includes Saguache County (shown in purple); 
and (3) the Western Slope Region includes Garfield, Mesa, Delta, Montrose, Ouray and San Miguel Counties (shown in red). 
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Table 1. Estimated emissions inventory in nine counties for years 2011 and 2025, in tons per year 

County 

CO 
2011 
2025 

NOX 
2011 
2025 

PM2.5 
2011 
2025 

PMC 
2011 
2015 

VOC 
2011 
2015 

NH3 
2011 
2015 

SO2 
2011 
2015 

CH4 
2011 
2015 

Delta 7,728 
4,101 

1,418 
586 

458 
108 

1,031 
906 

1,350 
635 

559 
554 

91 
85 

171 
72 

Garfield 21,419 
15,463 

15,773 
12,475 

1,438 
626 

2,901 
2,825 

38,556 
39,003 

341 
331 

172 
145 

187,875 
156,490 

Gunnison 10,185 
7,897 

1,177 
688 

575 
531 

1,192 
1,370 

2,495 
1,865 

287 
281 

72 
67 

866 
662 

Hinsdale 2,264 
1,626 

64 
80 

119 
19 

520 
631 

945 
538 

15 
15 

2 
2 

146 
81 

Mesa 29,010 
17,688 

6,767 
3,762 

1,473 
501 

5,331 
5,273 

8,342 
6,003 

1,004 
1,005 

99 
48 

25,686 
14,220 

Montrose 12,573 
11,324 

2,694 
2,045 

834 
345 

2,041 
1,782 

2,742 
1,806 

855 
866 

1,295 
383 

1,708 
323 

Ouray 2,053 
1,218 

328 
114 

170 
28 

711 
840 

497 
288 

298 
311 

5 
4 

51 
33 

Saguache 3,182 
2,044 

506 
176 

489 
79 

2,110 
2,193 

2,003 
1,787 

326 
322 

16 
14 

75 
63 

San Miguel 2,726 
1,839 

684 
444 

253 
50 

1,274 
1,386 

837 
610 

114 
112 

5 
4 

506 
459 

CO = Carbon Monoxide 

NOX = Nitrous Oxide 

PM2.5 = Particulate Matter <2.5 

PMC = Particulate Materials Center 

VOC = Volatile Organic Compound 

NH3 = Ammonia 

SO2 = Sulfur Dioxide 

CH4 = Methane 

Regional Oil and Gas Development Emissions and Cumulative Impact Studies 
in the GMUG Area 
The Bureau of Land Management (BLM) has conducted an emissions study that covers the 
GMUG area (and the broader region) in support of revising several BLM Resource 
Management Plans (RMPs), and the study represents the best (and to our knowledge only) 
comprehensive emissions inventory and dispersion modeling available for the area. As part 
of these RMPs, BLM is estimating the air quality (AQ) and air quality related value (AQRV) 
impacts due to the projected BLM-authorized mineral development activities, including 
development in and around the GMUG. The analysis, the Colorado Air Resource 
Management Modeling Study (CARMMS) was completed in 2017 (CARMMS2.0), and 
includes the cumulative air quality and air quality-related value impacts due to all 
Reasonable Foreseeable Development (RFD) sources in the region. 
The study used a baseline emissions inventory from all sources of air pollution based on 2011 
data and then projected out to 2025 the cumulative impacts of reasonably foreseeable oil and 
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gas development scenarios. Emissions calculations were made to generate oil and gas 
emissions within fourteen source regions that cover all of Colorado and the Mancos Shale oil 
and gas development in northern New Mexico for High, Low and Medium Development 
Scenarios in 2025.  The eight BLM planning areas in western Colorado  included the Roan 
Plateau portion of the Colorado River Valley Field Office (CRVFO); CRVFO outside of the 
Roan Plateau; Grand Junction Field Office (GJFO); Kremmling Field Office (KFO); Little 
Snake Field Office (LSFO); Tres Rios Field Office (TRFO); Uncompahgre Field Office 
(UFO); White River Field Office (WRFO).  
 
 

 

Figure 2. Colorado BLM planning areas and New Mexico planning area (the 14 BLM Planning Areas) where 
separate contributions of new oil and gas development   on Federal lands were obtained for 2025 source 
apportionment modeling (CARMMS 2.0) 
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The study uses emission calculations based on the types of sources in the following regions. 
Royal Gorge Field Office 

• Conventional oil and gas 

• Coalbed methane (natural gas)  
Western Colorado Field Offices 

• Conventional gas 

• Conventional oil 

• Shale gas 

• Coalbed methane (natural gas) 
Mancos Shale 

• Shale gas 

• Shale oil 
 
 
The Low Development Scenario assumes that in 2025 there are a total of 42,945 active wells 
in the Royal Gorge Field Office (2% on Federal and 98% on non-Federal land), 27,618 active 
wells in eight western field offices (51% on Federal and 49% on non-Federal lands), 1,513 
active wells in the Mancos Shale (70% on Federal and 30% on non-Federal lands), and 200 
active shale wells on Sothern Ute Indian Tribe land (all non-Federal). The High Development 
Scenario assumes that in 2025 there are a total of 55,610 active wells in the Royal Gorge 
Field Office (4% on Federal and 96% on non-Federal land), 44,018 active wells in eight 
western field offices (54% on Federal and 46% on non-Federal lands), 3,026 active wells in 
the Mancos Shale (70% on Federal and 30% on non- Federal lands), and 400 active shale 
wells on Sothern Ute Indian Tribe land (all non-Federal). The 2025 Medium Development 
Scenario has the same number of wells as the High Development Scenario but assumes 
additional levels of controls beyond the application of existing state and federal 
requirements. The Medium Development Scenario assumes additional control of engine and 
fugitive emission sources for all phases of well-site operation for wells drilled on Federal 
land and as part of the Sothern Ute Indian Tribe land Supplemental Environmental Impact 
Statement for Shale Formation Oil and Gas Plan of Development after 2015 as shown in 
Table 2 (CARMMS 2.0). 

Table 2. Comparison of total oil and gas emissions (tons per year, TPY) across Colorado BLM Planning 
Areas, Sothern Ute Indian Tribe  land, and Mancos Shale for 2025 High, Low and Medium Development 
emission scenarios (CARMMS 2.0) 

Scenario VOC CO NOX PM10 PM2.5 SO2 
All Wells 

Low 178,426 107,618 81,136 37,190 7,955 509 

Medium 236,734 155,198 125,684 61,621 12,276 1,791 
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High 251,877 158,478 132,493 66,392 12,977 1,794 
Federal Emissions 

Low 26,954 11,814 12,353 2,865 833 308 

Medium 43,096 27,785 28,378 4,933 1,692 1,385 

High 57,948 30,459 33,919 9,492 2,310 1,387 
Non-Federal 
Emissions 

Low 151,472 95,804 68,783 34,326 7,122 200 

Medium 193,638 127,413 97,306 56,688 10,584 406 

High 193,929 128,019 98,574 56,900 10,666 407 

 
In the CARMMS study, low, medium and high oil and gas development scenarios were 
analyzed by adding the emissions to existing and forecasted baseline air pollution conditions 
in order to determine increases in NAAQS criteria pollutants and AQRV effects. Baseline 
(2011), low, medium and high oil and gas development increases in air pollution (2025) for 
the BLM Grand Junction and Uncompahgre Field Office areas, most pertinent to the GMUG 
area, are summarized in Table 3. 
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Table 3. CARMMS base line, low, medium and high oil and gas development air pollution affects (1) (CARMMS 2.0) 

NAAQS Criteria 
Pollutant 

NAAQS 
Standard Base Line (2011) Low Development 

Scenario (2025) 
Medium Development 
Scenario (2025) 

High Development 
Scenario (2025) 

4th highest 8 hour 
average daily maximum 
O3 (ozone) 70 ppb 

Garfield County 65.0 
ppb 
Mesa County 67.0 
ppb 

Garfield County 57.4-60.3 
ppb 
Mesa County 62.9-63.7 
ppb 

Garfield County 56.6-63.4 
ppb 
Mesa County 62.5-64.6 ppb 

Garfield County 56.6-63.8 
ppb 
Mesa County 62.5-64.8 ppb 

8th highest daily average 
PM2.5 concentration 
(particulate 2.5 microns) 

35 ug/m3 
GMUG Area 1-5 
ug/m3 
 

GMUG Area 1-5 ug/m3 GMUG Area 1-5 ug/m3 GMUG Area 1-5 ug/m3 

Annual average PM2.5 
concentration 
(particulate 2.5 microns) 12 ug/m3 

GMUG Area 1-2 
ug/m3 
In some areas, slight 
increase to 2-4 

GMUG Area 1-2 ug/m3     
In some areas, slight 
increase to 2-4 

GMUG Area 1-2 ug/m3      
In some areas, slight 
increase to 2-4 

GMUG Area 1-2 ug/m3      
In some areas, slight 
increase to 2-4 

2nd highest daily PM10 
concentration 
(particulate 10 microns) 150 ug/m3 

GMUG Area 1-10 
ug/m3 
In some areas 25-50  
ug/m3 

Not Analyzed Not Analyzed 
GMUG Area 1-10 ug/m3    
In some areas 25-50  
ug/m3 

4th highest 1 hour daily 
maximum SO2 
concentration 
(Sulphur dioxide) 

75 ppb 

GMUG Area 
generally 1 ppb 
Most of the western 
area is 1-5 ppb 

Not Analyzed Not Analyzed 

GMUG Area generally 1 
ppb 
In some wester areas 1-5 
ppb 

2nd highest 3 hour block 
average SO2 
concentration 
(Sulphur dioxide) 

Not listed in 
CARMMS2.0 

GMUG Area 1-10 
ppb 
 

Not Analyzed Not Analyzed GMUG Area 1-10 ppb 
 

8th highest 1 hour daily 
maximum NO2 
concentration 
(Nitrogen Dioxide) 

100 ppb 
GMUG Area 1-5 ppb          
In some areas 5-20  
ppb 

GMUG Area 1-5 ppb          
In some areas 5-20  ppb 

GMUG Area 1-5 ppb         
In some areas 5-20  ppb 

GMUG Area 1-5 ppb 
In some areas 5-30  ppb 

(1) The CARMMS study uses 71 ppb for comparison rather than 70 ppb because EPA recommends rounding 8‐hr ozone design values to the tenths digit until the last step in the 
calculation when the final base or future design value is truncated to the nearest ppb.
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Local Emissions Estimates Relevant to the GMUG  
In addition to the 2015 CARMMS study that modeled current and future air quality impacts 
over the broader region, recent RMP revisions for the two BLM Field Offices that surround 
the GMUG (the Grand Junction and Uncompahgre Fields Offices) provide emissions 
inventories from current and future development in the area. The Field Offices have recently 
conducted environmental analysis in support of RMP revisions and estimated emissions 
under several alternative fossil fuels development scenarios on BLM and GMUG lands. The 
emissions estimates inform state air quality planning and aid the state with forecasting future 
air quality conditions. While the state forecasts overall improving air quality over the next 
decade in the GMUG region, increasing fossil fuels development and production may offset 
gains in air quality improvement anticipated from increased vehicle efficiency and improved 
industrial air pollution control systems.  

2015 the Grand Junction Field Office (GJFO) Resource Management Plan Final 
Environmental Impact Statement Emissions Estimate 

The emission inventory was developed for the GJFO planning area. The GJFO planning area 
is located in western Colorado sharing a small section of the border with Utah and 
incorporates parts Garfield and Mesa Counties. The northern portion of the Uncompahgre 
National Forest and western portion of the Grand Mesa National Forest is covered by this 
Field Office for a total of 380,000 acres of National Forest Lands (GJFO 2015). 
The potential for BLM actions to contribute to future significant adverse impacts on air 
quality was analyzed in the context of existing air quality conditions within the planning area 
and predicted future growth in emission generating activities. Potential emissions of air 
pollutants were estimated for several BLM management actions and activities (all sources) 
likely to occur under each alternative that have the potential to generate quantifiable 
emissions of regulated air pollutants. 
Emissions were estimated for five criteria pollutants, volatile organic compounds, hazardous 
air pollutants, and greenhouse gases. A base year of 2008 was used to estimate actual 
(existing) emissions. Emissions were also estimated for two future years, a short term year 
(Year 10) and a long term year (Year 20), as the basis to evaluate potential increases in 
emissions over the life of the plan and the effectiveness of emissions control strategies. 
Potential emissions were also estimated for reasonably foreseeable future cumulative actions 
within the planning area and are discussed further in the Cumulative section below.  Table 4, 
Estimated Annual Emissions Summary BLM Actions within the Grand Junction Planning 
Area, summarizes the estimated annual emissions for the selected alternative (GJFO 2015).  
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Table 4. Estimated annual emissions summary of BLM actions within the Grand Junction Planning Area 
(total estimated emissions in tons per year) (GJFO 2015). 

Scenario VOC CO NOx PM10 PM2.5 SO2 HAPs 
Base Year 1,102 1,992 1,536 2,047 289 66 104 
Year 10        
Alternative B: Project Year 10 1,669 2,724 2,185 2,454 473 89 167 
Year 20        
Alternative B - Project Year 20 1,820 2,990 2,196 3,182 667 112 190 

Greenhouse gas emissions are estimated to increase over estimated base year emissions 
(Table 5). The selected alternative shows increases over the base year by approximately four 
times in the short term and the long term. Coal mining activities are predicted to be the 
largest contributor to greenhouse gas emissions, followed by oil and gas development. Coal 
mining greenhouse gas emissions are primarily from fugitive methane emissions. The largest 
sources of greenhouse gas emissions within the oil and gas sector include carbon dioxide 
emissions from natural gas compressors and drill rig engines, and fugitive methane emissions 
from wellhead equipment, pneumatic devices and tanks. 

Table 5. Estimated annual GHG emissions summary for BLM Actions within the Grand Junction Planning 
Area (total estimated emissions in tonnes per year) (GJFO 2015). 

Scenario CO2 CH4 N2O CO2e 

CO2eq 
(million metric 

tonnes) 
Base Year 351,875 8,383 7 530,150 0.53 
Year 10      
Alternative B: Year 10 430,816 87,378 9 2,268,493 2.27 
Year 20      
Alternative B: Year 20 457,904 88,092 9 2,310,599 2.31 

2016 Uncompahgre Field Office (UFO), Draft Resource Management Plan and 
Environmental Impact Statement Emissions Estimate 
The UFO area is in Montrose, Ouray, and San Miguel Counties. Most of the Paonia Ranger 
District and part of the Uncompahgre National Forest is covered by this Field Office (UFO 
2016). 
The UFO emission inventory was developed based on activity data for emission generating 
activities obtained from UFO staff, the Reasonably Foreseeable Development Scenario for 
Oil and Gas for the Uncompahgre Field Office, the Mineral Potential Report, the Coal 
Resource and Development Potential Report, and from NEPA analyses currently being 
conducted for BLM actions within the planning area. At the time, there was one oil and gas 
development under NEPA review, SG Interests Bull Mountain Unit; that decision has since 
been signed. The Decision Record, Finding of No Significant Impact, and Final 
Environmental Assessment for the Whirlwind Mine Uranium Mining Project and North Fork 
Master Plan was used as a reference to identify the level of emissions associated with 
uranium mining. The Bowie Coal Lease Modification Application, Preliminary 
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Environmental Assessment, Supplemental Environmental Impact Statement for the West Elk 
Coal Lease Modifications Application, Environmental Assessment for the Elk Creek Mine 
and the Oak Mesa Coal Environmental Assessment describe environmental impacts 
associated with each project. 
Table 6 shows BLM action total emissions across all source categories for the base year and 
for each alternative. Note that the table uses the standard convention of reporting criteria 
pollutant emissions using short tones (tons), but GHG emissions are reported using long 
(metric) tonnes. 
Cumulative emissions incorporate all BLM action emissions as well as additional oil and gas 
development not subject to direct BLM control. Table 7 shows cumulative action emissions 
for the base year and for each alternative for Year 10. 
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Table 6. Estimated annual emissions summary for BLM actions within the UFO planning area (UFO 2016).  

Emissions (tons per year) Emissions metric tonnes per year) 

Scenario VOC CO NOX PM10 PM2.5 SO2 HAPs CO2 CH4 N2O 

CO2e 
(million 

metric tons) 
Base Year 243 894 438 771 283 9 25 81,978 128,840 6 2.79 
Year 10 
Alternative A 742 1,896 1,430 1,444 533 19 70 256,212 134,569 9 3.08 
Alternative B 727 1,870 1,430 1,339 527 19 68 258,174 134,475 11 3.09 
Alternative B.I 686 1,801 1,381 1,330 524 19 64 247,280 133,955 11 3.06 
Alternative C 863 2,176 1,575 1,487 544 19 82 283,901 135,609 8 3.13 
Alternative D 800 2,054 1,511 1,400 538 20 75 273,027 135,082 10 3.11 

Table 7. Estimated annual emissions summary for cumulative actions within the UFO planning area (UFO 2016). 

Emissions (tons per year) Emissions metric tonnes per year) 

Scenario VOC CO NOX PM10 PM2.5 SO2 HAPs CO2 CH4 N2O 

CO2e 
(million 

metric tons) 
Base Year 308 1,009 514 782 285 9 32 90,985 129,128 6 2.80 
Year 10 
Alternative A 806 2,010 1,501 1,454 537 19 76 270,416 135,087 9 3.11 
Alternative B 913 2,183 1,646 1,378 538 20 85 305,138 136,497 11 3.18 
Alternative B.I 871 2,111 1,595 1,368 535 19 81 294,060 135,978 11 3.15 
Alternative C 1,055 2,500 1,797 1,527 555 20 99 332,080 137,674 9 3.23 
Alternative D 991 2,375 1,732 1,440 549 20 92 321,058 137,147 11 3.20 
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Colorado NAAQS Monitoring  
Currently there are no violations to the National Ambient Air Quality Standards (NAAQS) in 
the GMUG region. Violations/nonattainments occur when monitored NAAQS are chronically 
exceeded; isolated exceedances can occur without resulting in violation. Air quality is 
affected by activities both on the GMUG and emissions from other activities and areas in 
both the Rocky Mountain and Colorado Plateau region. Air quality is affected by: smoke 
from both wildfire and prescribed burns; wind events (including secondary effects of dust on 
snow); dust from road construction, maintenance, and use; emissions from vehicle and 
equipment use; agricultural activities; and methane venting from coal mines on the GMUG. 
To date, none of these cumulative emissions have resulted in nonattainment conditions in the 
GMUG area (Table 8).
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Table 8. Air pollutant monitoring results for selected counties in western Colorado1 

County 

CO 1-hr 
2nd Max 

(ppm) 

CO 8-hr 
2nd Max 

(ppm) 

NO2 
98th %ile 

(ppb) 

O3 1-hr 
2nd Max 

(ppm) 

O3 8-hr 
4th Max 

(ppm) 

SO2 
99th %ile 

(ppb) 

SO2 24-hr 
2nd Max 

(ppb) 

PM2.5 
98th %ile 

(ug/m3) 

PM2.5 
Wtd. Mean 

(ug/m3) 

PM10 24-hr 
2nd Max 
(ug/m3) 

2012 
Delta . . . . . . . . . 58 
Garfield  . . . 0.1 0.082 . . . . 46 
Gunnison . . . 0.08 0.07 . . . . 91 
La Plata  0.8 0.6 29 0.08 0.069 . . 10 4.3 59 
Mesa  1.6 1 . 0.09 0.073 . . 24 7.3 143 
Montezuma  . . . 0.08 0.07 . . 12 5.6 . 
San Miguel  . . . 0.08 0.063 . . . . 68 
2013 
Delta . . . . . . . . . 44 
Garfield . . . 0.07 0.067 . . . . 34 
Gunnison . . . 0.07 0.064 . . . . 61 
La Plata  1.7 1 35 0.08 0.072 . . 29 4.5 38 
Mesa  1.4 0.9 . 0.07 0.066 . . 40 8.8 56 
Montezuma  . . . 0.08 0.069 . . 12 6.1 . 
San Miguel  . . . 0.07 0.069 . . . . 58 
2014 
Delta . . . . . . . . . 49 
Garfield  . . . 0.07 0.061 . . . . 42 
Gunnison  . . . 0.07 0.063 . . . . 97 
La Plata  1.3 1 24 0.08 0.067 . . 6 3.4 34 
Mesa  1.7 0.9 . 0.07 0.062 . . 21 8.2 45 
Montezuma  . . . 0.07 0.065 . . 9 5.2 . 
San Miguel  . . . . . . . . . 68 
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County 

CO 1-hr 
2nd Max 

(ppm) 

CO 8-hr 
2nd Max 

(ppm) 

NO2 
98th %ile 

(ppb) 

O3 1-hr 
2nd Max 

(ppm) 

O3 8-hr 
4th Max 

(ppm) 

SO2 
99th %ile 

(ppb) 

SO2 24-hr 
2nd Max 

(ppb) 

PM2.5 
98th %ile 

(ug/m3) 

PM2.5 
Wtd. Mean 

(ug/m3) 

PM10 24-hr 
2nd Max 
(ug/m3) 

2015 
Delta . . . . . . . . . 54 
Garfield  . . . 0.074 0.065 . . . . 34 
Gunnison  . . . 0.077 0.068 . . . . 76 
La Plata  0.8 0.7 25 0.075 0.066 . . 7 3 37 
Mesa  1.4 0.9 . 0.078 0.065 . . 21 6.8 34 
Montezuma  . . . 0.072 0.062 . . 10 4.6 . 
San Miguel  . . . . . . . . . 89 
2016 
Delta . . . . . . . . . 73 
Garfield  . . . 0.66 0.06 . . . . 28 
Gunnison  . . . 0.07 0.062 . . . . 72 
La Plata  4.7 1.2 22 0.074 0.065 . . 5.3 2.9 62 
Mesa  1.8 1 . 0.07 0.063 . . 22 5.1 35 
Montezuma  . . . 0.075 0.064 . . - - . 
San Miguel  . . . . . . . . . 78 

1 The table shows monitoring data for seven counties in the GMUG region where data is available from 2012-2016 (EPA 2016). 
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Ozone 
Currently, per the CDPHE monitoring network, established to comply with the CAA, there 
are no documented/monitored violations of ozone standards in the GMUG area.  
In addition to air quality monitoring data shown in Table 7 above, the Clean Air Status and 
Trends Network (CASTNET) is a long-term monitoring network designed to measure acidic 
pollutants and ambient ozone concentrations in rural areas. CASTNET monitors measure 
ambient ozone concentrations for the entire year, which extends beyond the required ozone 
season for most states (CASTNET 2016, CASTNET 2018). The nearest monitors to the 
GMUG are located at Canyonlands National Park (Figure 3), Mesa Verde National Park 
(Figure 4) and Gothic (Figure 5). The figures show annual 8 hour ozone concentration from 
1990-2016 at all three locations average about 40-50 ppb. 

 
Figure 3. CASTNET Ozone Monitoring Network 1990-2016 for Canyonlands National Park (CAN407). 
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Figure 4. CASTNET Ozone Monitoring Network 1990-2016 for Mesa Verde National Park (MEV405). 

 
 

 
 
 

Figure 5. CASTNET Ozone Monitoring Network 1990-2016 Gothic (GTH161). 
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Hazardous Air Pollutants 
The EPA lists 187 airborne chemical compounds as hazardous to human health. The 2011 
National Air Toxics Assessment (NATA) includes emissions, ambient concentrations, and 
exposure estimates for 180 of the 187 Clean Air Act air toxics plus diesel particulate matter. 
For 138 of these air toxics (those with health data based on chronic exposure), the assessment 
includes cancer or respiratory hazards health effects, or both, including non-cancer health 
effects for diesel particulate matter. Figure 6 shows modeled estimated cancer rates in the 
GMUG area due to human exposure to hazardous air pollution. The yellow overlay 
represents 0-25 cancers per million and light orange 25-50 cancers per million in Grand 
Junction/north of Grand Junction. The increased rates in the Grand Junction area are related 
to hazardous air pollutant emissions from fossil fuels development and production (NATA 
2011).
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Figure 6. Hazardous air pollution–modeled cancer rates in the GMUG area (NATA 2011) 
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Effects of Air Pollution on Wilderness Air Quality Values 
West Elk Wilderness, LaGarita Wilderness, and the Maroon Bells-Snowmass Wilderness are 
all managed as Class I airsheds, the highest standards for air quality. The Black Canyon of 
the Gunnison National Park adjacent to the GMUG near Montrose, Colorado, is also 
managed as a Class I airshed. The other airsheds and wilderness areas of the GMUG are 
managed as Class II areas. See Appendix C for additional background on the regulatory 
framework for air quality. 
Per the Clean Air Act (CAA), federal land managers have an affirmative responsibility to 
protect Class I air quality related values from degradation.  And per the Wilderness Act, 
congressionally designated wilderness areas are to be managed for their protection and 
preservation from human-caused degradation, including air quality. The Prevention of 
Significant Deterioration (PSD) Program is a CAA requirement that, among other 
requirements, establishes limits to pollutants in Class I and Class II areas. See Appendix C 
for additional background on the regulatory framework for air quality. 
Air-quality related values (AQRVs) are affected by air pollution impacts to Sensitive 
Receptors. Sensitive Receptors include water, fauna, flora, lichens, soils and scenic vistas. 
Except for scenic vistas addressed by the state regional haze plan, there is little to no GMUG-
specific information or studies regarding air pollution impacts to sensitive receptors. 
The nearest available lichen studies to the GMUG were conducted in the San Juan and Rio 
Grande National Forests (St. Clair 1999). St. Clair found elevated levels of sulfur, arsenic, 
nickel, and copper and concluded that the forests may be experiencing air pollution impacts. 
A summary of Clair’s findings follows: 

Elemental analysis data suggest some areas of concern. Sulfur concentrations 
were elevated (.209% - .259%) in lichen tissues from four sites (Taylor Mesa, 
south slope of Groundhog Mountain, Benchmark Lookout, and the Pinnacles). 
Lichenologists generally agreed that thallus sulfur concentrations, > .2% indicate 
significant sulfur accumulation, which may interfere with sensitive metabolic 
activities such as photosynthesis, cellular respiration and nitrogen fixation. All of 
the samples with elevated sulfur levels are from higher elevation sites (9,300 - 
10,700 feet); with three out of four sites located west of the continental divide in 
the San Juan National Forest (Taylor Mesa, south slope of Groundhog Mountain, 
and Benchmark Lookout). Seven additional samples showed marginally elevated 
sulfur concentrations (>.15% <.2%). Arsenic concentrations were elevated (5.2 
ppm - 8.57 ppm) in 14 out of 66 samples with 9 out of 14 samples from sites 
west of the continental divide. Nickel concentrations were marginally elevated (8 
ppm - 10.2 ppm) in 4 out of 66 samples, three of which are from sites west of the 
continental divide. Lead concentrations in 7 out of 66 samples were slightly 
elevated (50 ppm, 52.8 ppm - 105 ppm). All but one of these samples were from 
sites west of the continental divide. Finally, there was one element ratio of 
copper-zinc that showed an unusual pattern at two sites {Treasure Falls (1.81) 
and near Needleton (8.0)}. More than likely this pattern is related to some local 
phenomenon. Typically, background copper-zinc ratios range from .1 to .5 with 
any value approaching or exceeding 1 indicating unusual copper accumulation.  
Overall, these accumulation patterns suggest that at least some of the reference 
sites in the San Juan and Rio Grande national forests maybe experiencing some 
air pollution impact. Particularly, sites west of the continental divide (in the San 
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Juan National Forest) appear to be most impacted. This pattern may be caused by 
the proximity of these sites to several specific air pollution sources (e.g. coal-
fired power plants). 

There is evidence that air quality related values for nitrogen and sulfur wet deposition and 
ozone may start to exceed critical loads (CLs) and begin impacting natural resources in the 
GMUG area, due to increasing air pollution from increasing population growth, industrial 
and agricultural processes, and fossil fuels development and production. Some research 
shows current exceedances of critical loads (Forest Service Air Quality Portal). In Appendix 
C, a series of maps based on studies from several sources show monitored air quality-related 
values in the United States as a whole. More fine-scale maps of the GMUG region alone are 
not available.  
The National Park Service has conducted several studies about critical loads in the broader 
region in which the GMUG is situated. Sullivan, T. J. and T.C. McDonnell (2014) studied 12 
national park units, including units in the southwestern United States. The parks selected for 
study include many of those that have been identified as having N-sensitive ecosystems. 
Some of the parks have been experiencing in recent years increasing levels of nearby energy, 
agricultural, mineral extraction, and/or transportation development, with associated 
increasing Nitrogen (N) emissions.  
Based on  lower limits of the CL ranges reported by Pardo et al. (2011), terrestrial resources 
in most of the parks identified for study were either in exceedance of the nutrient-N CL or 
received ambient (year 2008) total wet plus dry N deposition that was below, but within 1 or 
2 kg N/ha/yr of, the CL. Thus, nutrient sensitive terrestrial resources in some of these parks 
may be experiencing adverse impacts associated with CL exceedance. In other cases, 
appreciable increases in NOx or ammonia (NH3) emissions and deposition may trigger 
exceedances in the future. 
Of the parks that were evaluated in closest vicinity to the GMUG, estimated nutrient-N CL 
exceedances were most pronounced in Mesa Verde and Black Canyon of the Gunnison. 
Much of Canyonlands National Park received N deposition in 2008 that was below, but 
within 2 kg N/ha/yr, of the nutrient-N CL. These results provide estimates of relative risk of 
nutrient enrichment to sensitive vegetative receptors among the parks selected for study.  
Reed, S. et al. (2013) assessed the risk of nitrogen deposition to natural resources in the Four 
Corners area affecting Mesa Verde, Canyonlands and Arches National Parks. Due to 
increased population growth and energy development (e.g., natural gas wells), the Four 
Corners region has become a notable ‘hotspot’ for N deposition. Their results suggest that 
NOx deposition does indeed represent a significant source of N to Mesa Verde National Park 
and, as expected, N deposition significantly affects coupled biogeochemical cycling (N, 
carbon, and phosphorus) of these landscapes.  
The study concluded that nitrogen deposition has a strong potential to significantly affect the 
structure and function of ecosystems in the Four Corners region and, in particular, to 
significantly affect exotic plant invasion, soil nutrient availability, and future fire regimes. 
Perhaps due to the low standing stocks of N, Four Corners ecosystems may be particularly 
sensitive to relatively subtle inputs of anthropogenic N, and the responses may not follow 
patterns expected from other biomes. In addition, the data strongly suggest that, at some 
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locations in the Four Corners, NOx deposition may represent an important and abundant 
source of N to ecosystems (Reed, S. et al. 2013). 
In 2013, the National Park Service, Air Resources Division, compiled a report about air 
quality in national parks: trends (2000–2009) and conditions (2005–2009). Table 9 shows the 
report’s conclusions for four NPS units in closest vicinity to the GMUG, including visibility, 
wet nitrogen deposition, wet sulfur deposition and ozone (NPS 2013). 

Table 9. Air quality related values trends and conditions at four national parks in closest vicinity to the 
GMUG National Forests 

Trend Results (2000–2009) and Condition Assessments (2005–2009) 

NPS Unit Visibility Wet Nitrogen 
Deposition 

Wet Sulfur 
Deposition Ozone 

Black Canyon 
Of The 
Gunnison NP 

Warrants moderate 
concern Unchanged 
(no statistically 
significant trend) 

Warrants moderate 
concern (no 
statistically 
significant trend) 

Indicator is in good 
condition (no 
statistically 
significant trend) 

Warrants moderate 
concern (no 
statistically 
significant trend 

Canyonlands 
NP 

Warrants moderate 
concern Unchanged 
(no statistically 
significant trend) 

Warrants moderate 
concern Unchanged 
(no statistically 
significant trend) 

Indicator is in good 
condition 
Unchanged (no 
statistically 
significant trend) 

Warrants moderate 
concern Unchanged 
(no statistically 
significant trend) 

Mesa Verde NP Warrants moderate 
concern Unchanged 
(no statistically 
significant trend) 

Warrants moderate 
concern Unchanged 
(no statistically 
significant trend) 

Warrants moderate 
concern Unchanged 
(no statistically 
significant trend) 

Warrants moderate 
concern Unchanged 
(no statistically 
significant trend) 

Rocky Mountain 
NP 

Warrants moderate 
concern Statistically 
significant improving 
trend 

Warrants significant 
concern Statistically 
significant improving 
trend 

Warrants significant 
concern Unchanged 
(no statistically 
significant trend) 

Warrants significant 
concern Unchanged 
(no statistically 
significant trend) 

 
The CARMMS 2.0 study analyzed deposition impacts associated with Federal oil and gas 
within each of the individual BLM Planning Areas and the sulfur and nitrogen deposition 
amounts are compared against the 0.005 kg/ha-yr Deposition Analysis Threshold (DAT) for 
the western United States. The study includes the Black Canyon of the Gunnison N.P., La 
Garita, Maroon Bells-Snowmass and West Elk Wilderness Areas. The DAT is a screening 
threshold such that if a project’s deposition amount is below the DAT its deposition impact is 
considered insignificant. The deposition of nitrogen due to the total emissions in base year 
2011 and 2025 are compared against the Critical Load Values, which is 2.3 kg/ha-yr in 
Colorado except for 3.0 kg/ha-yr for Dinosaur National Monument. The Critical Load of 
atmospheric deposition for sulfur in the CARMMS analysis is 5.0 kg/ha-yr everywhere. The 
study included 2011 base case and forecasts of nitrogen and sulfur deposition under the 2025 
low, medium and high oil and gas development scenarios for the Class I areas in and near the 
GMUG.  
The Black Canyon of the Gunnison N.P., Maroon Bells-Snowmass and West Elk Wilderness 
Areas show nitrogen deposition exceedances under the 2011 base case maximum scenario 
(Table 10).  The Black Canyon of the Gunnison N.P. show nitrogen deposition exceedances 
under the 2025 medium and high maximum development scenarios. The study shows no 
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sulfur deposition exceedances (Table 11). The study attributes the reduction in nitrogen and 
sulfur deposition between 2011 and 2025 seen in the tables to overall expected increases in 
air quality conditions in the GMUG area (CARMMS 2.0). 
The CARMMS 2.0 study also analyzed Acid Neutralizing Capacity (ANC) at sensitive lakes 
and used the US Forest Service ANC Level of Acceptable Change (LAC) threshold that is no 
change greater than 10% for lakes with base ANC > 25 µeq/l and no change greater than 1 
µeq/l for lakes with base ANC values < 25 µeq/l. For new Federal oil and gas development in 
each of the 14 BLM Planning Areas the change in ANC were below the US Forest Service 
LAC significance thresholds at all of the sensitive lakes in the GMUG area (CARMMS 2.0). 
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Table 10. Total annual nitrogen deposition at Class I areas for the 2025 Low, Medium and High Development Scenarios, 2011 Base Case, contributions 
of natural emissions (e.g., wildfires) (kg/ha-yr).         

Class I Area 
2011 Base  

Maximum 
Nitrogen 

2011 
Base  

Average 
Nitrogen 

2025 Low 
Development 

Scenario 

Maximum 
Nitrogen 

2025 Low 
Development 

Scenario 

Average 
Nitrogen 

2025 Medium 
Development 

Scenario 

Maximum 
Nitrogen 

2025 Medium 
Development 

Scenario 

Average 
Nitrogen 

2025 High 
Development 

Scenario 

Maximum 
Nitrogen 

2025 High 
Development 

Scenario 

Average 
Nitrogen 

Black Canyon 
of the 
Gunnison N.P. 

2.70 2.20 2.29 1.85 2.40 1.93 2.41 1.95 

La Garita 
Wilderness 1.92 1.55 1.54 1.24 1.57 1.27 1.58 1.28 

Maroon Bells 
Wilderness-
Snowmass 
Area 

2.51 2.02 2.05 1.65 2.16 1.75 2.18 1.76 

West Elk 
Wilderness 2.31 1.83 1.88 1.49 1.96 1.56 1.97 1.57 

Table 11. Total annual sulfur deposition at Class I areas for the 2025 Low, Medium and High Development Scenarios, 2011 Base Case, contributions of 
natural emissions (e.g., wildfires) (kg/ha-yr). 

Class I Area 
2011 Base  

Maximum 
Sulfur 

2011 
Base  

Average 
Sulfur 

2025 Low 
Development 

Scenario 

Maximum 
Sulfur 

2025 Low 
Development 

Scenario 

Average Sulfur 

2025 Medium 
Development 

Scenario 

Maximum 
Sulfur 

2025 Medium 
Development 

Scenario 

Average Sulfur 

2025 High 
Development 

Scenario 

Maximum 
Sulfur 

2025 High 
Development 

Scenario 

Average Sulfur 

Black Canyon 
of the 
Gunnison N.P. 

0.41 0.36 0.32 0.28 0.32 0.28 0.32 0.28 

La Garita 
Wilderness 0.75 0.58 0.61 0.47 0.62 0.47 0.62 0.47 

Maroon Bells 
Wilderness-
Snowmass 
Area 

1.07 0.79 0.90 0.66 0.90 0.67 0.62 0.47 

West Elk 
Wilderness 0.89 0.63 0.75 0.52 0.75 0.52 0.75 0.52 
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Visibility 
The Forest Service has conducted limited visibility monitoring using camera images in the West 
Elks Wilderness (1992 to 1996) and the La Garita Wilderness (1997 to 2001) to document 
visibility conditions in those Class I areas. The La Garita site showed a uniform haze during more 
than 70 percent of the sampling period (GMUG CER 2006), but these results are difficult to 
compare to the state’s more detailed study, completed as part of the Colorado State 
Implementation Plan for Regional Haze. The CDPHE has calculated baseline and natural visual 
range values for the Maroon Bells-Snowmass, La Garita, and West Elk Wilderness areas.  
Baseline visibility values were determined from data collected at IMPROVE (Interagency 
Monitoring of Protected Visual Environments) monitoring sites. Natural visibility represents 
visibility conditions experienced in the absence of human-caused impairment.   
Figure 7 and Figure 8 depict the “glide path” for a uniform rate of progress toward reaching the 
goal of natural conditions. The Regional Haze Regulations (under 40 CFR §51.308) establish that 
the Class I area progress goals must provide for an improvement in visibility for the most 
impaired (i.e., 20% worst) days over the period of the implementation plan, and ensure no 
degradation in visibility for the least impaired (i.e., 20% best) days over the same period. 

 
Figure 7. Uniform rate of progress glide path for Maroon Bells-Snowmass and West Elk Wilderness Areas 
Note: The worst days baseline condition (9.6 deciviews) and best days baseline (0.7 deciviews) is an average of the haze index (from 
IMPROVE data) over the 5-year baseline period of 2000-2004. 
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Figure 8. Uniform rate of progress glide path for the La Garita Wilderness Area 
Note: The worst days baseline condition (10.3 deciviews) and best days baseline (3.1 deciviews) is an average of the haze index 
(from IMPROVE data) over the 5-year baseline period of 2000-2004. 

In 2015, the CDPHE, Air Pollution Control Division, released a progress report concerning 
regional haze, updated visibility records from the IMPROVE monitoring network representing 
Colorado’s Class I areas, updated emissions for haze-related air pollutants, and provided analysis 
of the progress towards the goals for each of the 12 Colorado Class I areas as well as new efforts 
to reduce air pollution in the State. Visibility conditions, compared to the 2002 baseline period 
(2000-2004 average), show progress towards natural conditions at all IMPROVE monitoring sites 
in Colorado. During 2009-2013, all IMPROVE sites in Colorado achieved visibility standards for 
the 20% Best Days. During the same averaging period, 9 of the 12 Colorado Class I areas (5 of 6 
IMPROVE monitor locations) have 20% Worst Days visibilities (in deciviews) that are better 
than original RH 2018 Reasonable Progress Goals (RPGs) glide slope values. The Maroon Bells-
Snowmass and West Elk Wilderness Areas are included in this group. 
The remaining three Class I areas, La Garita, Weminuche Wilderness Areas and Black Canyon of 
the Gunnison, show improving visibility and very good progress toward the 2018 Reasonable 
Progress Goals. Emissions of significant haze precursors including nitrogen oxides and sulfur 
oxides continue to decline in Colorado. Past modeling showed emissions from Colorado have a 
small impact (>10%) on one Class I area in New Mexico, although it can reasonably be expected 
that effects on this site from Colorado emissions are declining as a result of Regional Haze 
controls in Colorado. Colorado exceeded the emission reduction goals listed in the 2011 Regional 
Haze State Implementation Plan. There are several potential emission sources that are beyond the 
control of the State of Colorado that may impede further visibility progress, including 
international and interstate pollution transport, wildfires and regional dust storms. Colorado 
proposed to continue its current emission control programs for improving visibility at Class I 
areas and, given positive results, did not identify a need to consider additional emission control 
programs (CDPHE 2015). 
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The CARMMS 2.0 study also analyzed the potential for visibility impacts due to new oil and gas 
development. Under the 2015 low, medium and high oil and gas development scenarios the study 
found that visibility would improve between 2011 and 2025 in the GMUG area (CARMMS 2.0). 
 

Chapter 3. Sustainability 
Environmental, Economic and Social Sustainability of Air 
Quality 
Overall, the GMUG area currently has good air quality, as defined by meeting NAAQS (there are 
no chronic exceedances of NAAQS). The state of Colorado is forecasting future improving air 
quality conditions in the airsheds that cover the GMUG area (based on improving vehicle 
emissions efficiency and industrial processes).  However, recent ozone monitoring data in cities in 
proximity to the GMUG area during the last several years shows ozone levels remain just below 
the established health standard of 70 ppb. There may be exceedances occurring in remote areas 
where ozone monitors are not located; as noted in the information gaps, the BLM’s  CARMMS 
studies are the only comprehensive dispersion modeling completed for the area. The 2017 
CARMMS 2.0 study shows overall, from 2011 to 2025, improving air quality conditions in the 
GMUG area including improving NAAQS, AQRV and visibility.  
Visibility is good and forecasted to improve in the future. Air pollution effects to Class I and 
Class II airsheds are generally low, although research sources vary in their assessments; some 
research shows exceedances of critical loads in the GMUG area (see maps in Appendix C).  
Climate change could increase air pollution. Warmer, drier summers, earlier springs, and 
decreasing snow pack could increase the occurrence, size and intensity of wildfires that produce 
increasing amounts of particulates, carbon monoxide, ozone, hazardous air pollutants and 
greenhouse gases. Increasing day time temperature could increase ozone impacts to human health 
and the environment during hot days. 

Chapter 4. Current Forest Plan and its Context within 
the Broader Landscape 
Existing Forest Plan Management Direction for Air Quality 
Existing forest air quality direction is shown in Appendix B from the 1983 LMRP and the 1991 
and 2007 LMRP amendments. The direction is very brief and mainly concerns management of 
Wilderness Areas and fuel treatment projects (1983 GMUG LMRP III-30). Existing direction is 
also to comply with State and Federal air quality standards (1983 GMUG LRMP III-85). 
The CAA and Wilderness Act requires National Forests to comply with clean air standards 
managed by the state, and to monitor air quality related values in Class 1 wilderness to determine 
if critical loads are being exceeded. Currently, the forest is able to comply with state clean air 
laws but has not conducted forest-specific monitoring (and monitoring analyses) in wilderness 
areas. Lichen sampling data has been collected in the GMUG area for many years that can 
contribute to tracking air pollution impacts to Air Quality Related Values. However, to the best of 
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our knowledge there have been no recent analyses made by qualified researchers who would 
interpret the data and its significance for guiding land managers. 

Forest Plan Consistency with External Plans for Air Quality 
Monitoring Air Quality and Enforcement of NAAQS  
Under the CAA, the Forest Service and its permitted operations are required to comply with all 
applicable state air quality regulations. The CDPHE, Air Pollution Control Division, oversees the 
development and adoption of the state’s air quality regulation program and monitors air quality.  
The Division can set its own Ambient Air Quality Standards that are equally or more stringent 
than the Federal air quality standards.  The Division implements the air management programs 
adopted by the State of Colorado’s air quality commissions and enforces compliance with the 
NAAQS, PSD increments, and regulates smoke emissions from prescribed burning in accordance 
with state regulation. The GMUG is required by law to comply with state air quality rules. 
The CAA and Wilderness Act also require National Forests to monitor air quality related values in 
Class 1 wilderness to determine if critical loads are being exceeded.  
Currently, the forest is able to comply with state clean air laws but is unable to conduct adequate 
forest-specific monitoring in wilderness areas. 

Implementation of the Prevention of Significant Deterioration (PSD) Program  
The PSD Program is a CAA requirement that sets emission limitations for major new or modified 
stationary sources of air pollution such as coal-fired electrical power generation plants, and sets 
limits to an increase of pollutants in Class I and Class II areas. A permittee wishing to build a 
major new (or significantly modify an existing) facility in a clean air region must obtain a 
prevention of significant deterioration (PSD) permit from the state. Where emissions from new or 
modified facilities might affect Class I areas, the Federal Land Manager (FLM) must be notified. 
For the GMUG, the Forest Supervisor is considered to be the FLM. The manager reviews the 
PSD permit to ensure that AQRVs are not adversely affected, that National Ambient Air Quality 
Standards (NAAQS) and PSD increments are not violated, and that best available control 
technology (BACT) is used to minimize facility emissions. If the land manager determines that 
the facility’s emissions will “adversely impact” AQRVs, the FLM will recommend that the permit 
not be issued or that mitigations be adopted. It is important to remember that notification of 
permit applications is not required for facilities that may affect Class II areas. However, the land 
manager may provide input regarding any anticipated impacts on AQRVs to the permitting 
authority during the public comment process. Additional methods of protecting wilderness values 
in Class II areas include participation in regional assessments and State Implementation Plan 
(SIP) revisions. In nonattainment areas, FLMs can also provide feedback to the permitting 
authority during the facility permitting and air quality planning processes (Nick and McCorison). 
Generally, the state considers fossil fuels development and production to be minor new emission 
sources and are therefore exempt from PSD determinations, and the state does not consider 
cumulative effects of each new minor source.  
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Chapter 5. Potential Need for Plan Changes 
Based on actual air quality monitoring and predictive air quality modeling, the state of Colorado 
is forecasting continuing improvement in compliance with NAAQS and visibility in Class I and II 
areas in the GMUG area into the foreseeable future.  
For the GMUG, a potential need for change is to establish Plan Direction to ensure NAAQS and 
critical loads for AQRVs are not exceeded by cumulative future fossil fuels development and 
other activities on the GMUG. 
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Appendix A: National Ambient Air Quality Standards 

Pollutant 
[final rule cite] 

Primary/ 
Secondary 

Averaging 
Time Level Form 

PSD Class 
I 
Increment 
(μg/m3) 

PSD Class 
II 
Increment 
(μg/m3) 

Carbon Monoxide primary 8-hour 9 ppm Not to be exceeded more 
than once per year 

None None 

1-hour 35 ppm None None 

Lead primary and 
secondary 

Rolling 3 
month 
average 

0.15 
μg/m3 (1) 

Not to be exceeded None None 

Nitrogen Dioxide primary 1-hour 100 ppb 98th percentile, averaged 
over 3 years 

2.5 25 

primary and 
secondary 

Annual 53 ppb (2) Annual Mean None None 

Ozone primary and 
secondary 

8-hour 0.07 ppm (3) Annual fourth-highest 
daily maximum 8-hr 
concentration, averaged 
over 3 years 

None None 

Particle 
Pollution 

 
PM2.5 

primary Annual 12 μg/m3 annual mean, averaged 
over 3 years 

1 4 

secondary Annual 15 μg/m3 annual mean, averaged 
over 3 years 

1 4 

primary and 
secondary 

24-hour 35 μg/m3 98th percentile, averaged 
over 3 years 

2 9 

PM10 primary and 
secondary 

24-hour 150 μg/m3 Not to be exceeded more 
than once per year on 
average over 3 years 

None None 

Sulfur Dioxide primary 1-hour 75 ppb (4) 99th percentile of 1-hour 
daily maximum 
concentrations, averaged 
over 3 years 

None None 

secondary 3-hour 0.5 ppm Not to be exceeded more 
than once per year 

25 512 

Sulfur Dioxide 
Colorado  

 1-hour 700 μg/m3 
(CAAQS 
secondary) 

The 3-year average of the 
99th percentile of the 
daily maximum 1-hour 
average cannot exceed 
75 ppb. (Note: 1 ppb = 
0.001 ppm. Annual Mean 
and 24-hour standards for 
sulfur dioxide were 
revoked in 2010) 

None None 

1) In areas designated nonattainment for the Pb standards prior to the promulgation of the current 
(2008) standards, and for which implementation plans to attain or maintain the current (2008) 
standards have not been submitted and approved, the previous standards (1.5 µg/m3 as a calendar 
quarter average) also remain in effect. 
2) The level of the annual NO2 standard is 0.053 ppm. It is shown here in terms of ppb for the 
purposes of clearer comparison to the 1-hour standard level. 
3) Final rule signed October 1, 2015, and effective December 28, 2015. The previous (2008) O3 
standards additionally remain in effect in some areas. Revocation of the previous (2008) O3 

http://www.epa.gov/airquality/carbonmonoxide/
http://www.epa.gov/airquality/lead/
http://www.epa.gov/air/criteria.html#1
http://www.epa.gov/airquality/nitrogenoxides/
http://www.epa.gov/air/criteria.html#2
http://www.epa.gov/airquality/ozonepollution/
http://www.epa.gov/air/criteria.html#3
http://www.epa.gov/airquality/particlepollution/
http://www.epa.gov/airquality/particlepollution/
http://www.epa.gov/airquality/sulfurdioxide/
http://www.epa.gov/air/criteria.html#4
http://www.epa.gov/airquality/sulfurdioxide/
http://www.epa.gov/airquality/sulfurdioxide/
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standards and transitioning to the current (2015) standards will be addressed in the 
implementation rule for the current standards. 
4) The previous SO2 standards (0.14 ppm 24-hour and 0.03 ppm annual) will additionally remain 
in effect in certain areas: (1) any area for which it is not yet 1 year since the effective date of 
designation under the current (2010) standards, and (2)any area for which an implementation plan 
providing for attainment of the current (2010) standard has not been submitted and approved and 
which is designated nonattainment under the previous SO2 standards or is not meeting the 
requirements of a SIP call under the previous SO2 standards (40 CFR 50.4(3)).  A SIP call is an 
EPA action requiring a state to resubmit all or part of its State Implementation Plan to 
demonstrate attainment of the required NAAQS.
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Appendix B: Forest Plan Direction 
1983 LMRP and 1991 LRMP Amendment “Resource 
Elements” 
Air quality over most of the Forest is good. The main source of pollutants from Forest activities 
are, and continue to be, suspended particulates from wildfire and prescribed burning. Present and 
imminent external sources of air pollution are associated with dust from roads and exhaust 
emissions from external combustion engines. Through the "Prevention of Significant 
Deterioration" provisions of the Clean Air Act (42 USC 1857, et seq.), Congress has established a 
land classification scheme for areas of the country with air quality standards. Class I allows very 
little additional deterioration of air quality; Class II allows more deterioration; and Class III 
allows the maximum. All areas of the Forest are currently classified Class II, except portions of 
the West Elk Wilderness and the La Garita Wilderness, which are Class I areas.  
Pest control in forest stands is managed to meet long-range objectives through silvicultural 
practices; particularly harvesting, planting, and utilization practices. Biological, chemical, 
mechanical, and prescribed burning are considered for epidemic conditions. 
Future energy related developments and associated population growth are expected to have a 
detrimental effect on air quality. 
The only air quality direction from the 1983 LMRP concerns wilderness and fuel treatment 
(Standards and Guides): 

Wilderness Area Management 
Protect air quality related values from adverse effects from air pollution. See criteria and 
standards in FSM 2120 (1983 LMRP III-30). 

Fuel Treatment  
Comply with State and Federal air quality standards (See FSM 2120) (1983 LMRP III-85). 

2007 Forest Plan Amendment for Fire Use 
The 2007 GMUG Fire Use Land and Resource Management Plan Amendment establishes policy 
regarding fire and fuels management, the use of natural fires to meet resource management 
objectives, air quality and the prevention of significant deterioration (Table B-1). Management 
goals focus on the protection of pristine air quality in congressionally designated Class I 
Wilderness areas. The Plan’s Standards and Guidelines also address Class I air quality protection 
as well as compliance with state and federal air quality standards (LMRP 2007). 
Relevant LMRP direction pertaining to fire, fuels and air quality management includes: 

1. Fire and Fuels Management - Conduct all firefighting activities with primary 
consideration for fire fighter and public safety. Reintroduce fire as a natural process to 
enhance resources and meet land and resource objectives. 
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1. Allow fire to function as a more natural process both in Wilderness Areas and non-
wilderness areas to help improve forest health and ecosystem function, and enhance 
wildlife habitat, species diversity, and range and watershed condition. 

2. Reduce the potential for large catastrophic fires by helping to return the landscape to more 
historic fuel types and conditions. 

3. Provide for more consistent policies across agency boundaries, resulting in improved 
landscape level planning and implementation, as well as allowing for a full range of fire 
management options at an interagency level. 

Smoke production and air quality issues centers around four different aspects (LRMP 2007):  
1. First is the degradation of visibility on the Grand Mesa, Uncompahgre and Gunnison 

National Forest with additional areas most likely to be affected by smoke as the I-70 
Interstate corridor; the North Fork, Uncompahgre and the Gunnison River Valleys; and the 
towns of Grand Junction, Delta, Cedaredge, Paonia, Hotchkiss, Olathe, Montrose, 
Ridgeway, Ouray, Telluride, Norwood, Nucla, Naturita, Paradox, Gunnison and Crested 
Butte.  

2. Second, portions of the public become irritated with smelling smoke, seeing smoke, 
breathing smoke over long periods of time, and having smoke in their homes.  

3. Third, there is a segment of the public that has respiratory problems that are aggravated by 
irritants in wood smoke.  

4. Fourth, public safety along travel corridors. 
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Table B-1. GMUG LRMP direction for fire management and air quality 

Management 
Activities General Direction Standards and Guides 
Wilderness 
Area 
Management 

17 Take appropriate suppression action on 
man-caused wildfires. (3041 GM) 

 

17a Take suppression action, where 
necessary, on naturally ignited wildland fires. 

 

18 Maintain fire-dependent ecosystems 
through Wildland Fire Use, as appropriate. 
Reclaim areas disturbed as part of fire control 
activities to meet the visual quality objective 
of retention and to mitigate against the 
invasion of non-native species. 

a. Allow for the full range of fire management (full 
suppression to fire use) under an approved fire 
management plan. 
b. Manage naturally ignited wildland fires in 
predetermined areas under specified conditions 
outlined in an approved fire management plan. 

19 Protect air quality related values from 
adverse effects from air pollution. (0188) 
(FDR) 

 

Wildland Fire 
Use 

01 Take appropriate management action on 
all wildland fires that qualify for fire use to 
allow fire to function as a more natural 
process to benefit resources. Wildland fire 
use can be used to: 
Improve overall forest health and ecosystem 
function and enhance wildlife habitat, species 
diversity, and range and watershed 
conditions. 
Reduce the potential for large catastrophic 
fires by helping to return the Forest to more 
historic fuel types and conditions.  

a. All ignitions should be managed according to an 
approved Fire Management Plan that specifies 
management conditions. 
b. The Fire Management Plan will provide 
direction r fire use, including a general delineation 
of wildland Fire use areas, fire regime/fire 
occurrence/historic role of fire for each area, 
objectives to be achieved by wildland fire, and 
guidance on monitoring and evaluation. 

Fuel 
Treatment 

01 Prescribed fire will be utilized as a 
vegetative and fuels management technique 
where It is the most cost efficient and 
acceptable alternative to achieve 
management objectives. (FSM 5190) 
(3221GM) 

a. A historical record will be maintained with each 
prescribed fire plan which documents the 
biological/physical effects and the fire behavior 
which produced the effects. (3221GM) (9223GM) 
b. Utilize current technologies to achieve an 
optimum balance between positive and negative 
effects, and prevent escaped fires. (9224GM) 

Air Resource 
Management 

01 Comply with State and Federal air quality 
standards. (see FSM 2120) (0094) (FDR) 
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Appendix C: Air Quality Background Information  
National Ambient Air Quality Standards and Monitoring 
The Clean Air Act (CAA) requires EPA to set National Ambient Air Quality Standards (NAAQS) 
(40 CFR part 50) for pollutants considered harmful to public health and the environment. The 
CAA identifies two types of NAAQS. Primary standards provide public health protection, 
including protecting the health of "sensitive" populations such as asthmatics, children, and the 
elderly. Secondary standards provide public welfare protection, including protection against 
decreased visibility and damage to animals, crops, vegetation, and buildings (EPA 2011 
http://www.EPA.gov/air/criteria.html). EPA has set NAAQS for six principal pollutants, which are 
called "criteria" pollutants. These include carbon monoxide, lead, nitrogen dioxide, ozone, 
particle pollution, and sulfur dioxide (EPA 2011). They are listed in Appendix A. 
An exceedance of a NAAQS is defined in 40 CFR 50.1 as “one occurrence of a measured or 
modeled concentration that exceeds the specified concentration level of such standard for the 
averaging period specified by the standard.” A violation of the NAAQS consists of one or more 
exceedances of a NAAQS. The precise number of exceedances necessary to cause a violation 
depend on the form of the standard and other factors, including data quality, defined in federal 
rules such as 40 CFR 50.  

Ozone 
Ozone pollution is a concern because besides human health impacts, elevated ozone 
concentrations also damage ecosystems. Ozone is the gaseous pollutant most harmful to crops, 
trees, and native vegetation, and the only large-scale gaseous air pollutant that has been measured 
at phytotoxic levels in remote locations. Ozone is a strong oxidizing agent that damages plant 
cells when taken up through stomates, requiring plants to expend energy for detoxification and 
repair rather than growth. The plant injury response can be used to evaluate overall ozone stress 
in forests and shrub lands. Bio-indicators of ozone presence are native, ozone-sensitive plant 
species, which will exhibit characteristic foliar injury symptoms when exposed to ambient ozone. 
Ozone can affect entire ecosystems as well as sensitive individuals, for example, species 
composition in ozone-impacted areas may shift in favor of individuals and plant species with 
greater ozone tolerance (Nick and McCorison). 
In 2015, the Air Pollution Control Division (APCD) of the Colorado Department of Public Health 
and Environment (CDPHE) conducted air quality and meteorological monitoring operations at 46 
locations statewide throughout 2015. Ozone (O3) and particulate matter (PM) monitors, including 
those for particulate matter < 10 mm in diameter (PM10) and particulate matter < 2.5 mm in 
diameter (PM2.5), are the most abundant and widespread monitors in the network. During 2015, 
there were PM10 monitors at 25 separate locations, PM2.5 monitors at 13 locations, and O3 
monitors at 18 locations. The APCD also operated 16 meteorological sites for the continuous 
measurement of wind speed, wind direction, and temperature (CAPCD 2015).  



 

38 

Air Quality Related Values  
For both Class I and Class II Wilderness areas, AQRV or wilderness air quality related values 
(WAQV) monitoring and inventory is a crucial part of protecting wilderness from air pollution. 
Both AQRVs and WAQVs are resources that are identified as becoming potentially impacted by 
air pollution such as water, fauna, flora and visibility. AQRVs are identified in all class I 
wildernesses in response to the Clean Air Act. Wilderness Air Quality Values (WAQVs) are 
similar to AQRVs, but are specific to Class II wilderness areas which fall under a different legal 
and regulatory framework for air pollution protection. 
Sensitive receptors are identified features or properties of an ecosystem for which a change can be 
quantified, are highly susceptible to slight deterioration in air quality, and are used as an indicator 
for overall conditions (Nick and McCorison). 

Critical and Target Loads  
For the different air quality related values (sulfur and nitrogen deposition, visibility, ozone, etc), 
researchers establish critical loads, which can be defined as "a quantitative estimate of the 
exposure to one or more pollutants below which significant harmful effects on specific sensitive 
elements of the environment do not occur according to present knowledge". Critical loads can be 
used to determine the level of deposition expected to cause harmful ecological effects. In contrast, 
target loads are based on critical loads, but can include consideration of the timeframe needed to 
achieve a desired ecosystem condition as well as incorporating policy or management goals; 
depending on whether or not current critical loads values have been exceeded, a target load can be 
above or below the critical load. In general, the critical load is based on modeled or measured 
dose-response data, while target load can be based on political, economic, spatial, or temporal 
considerations in addition to scientific.  

AQRV: Visibility 
Visibility is specifically identified in the CAA as an AQRV that Federal land managers must 
consider.  The 1990 CAA amendments include a goal of improving visibility in Class I areas with 
visibility impairment.  Regional haze is visibility impairment resulting from the transport of 
particles over long distances. 
Visibility impairment is caused by pollutant plumes, layered haze, or uniform (regional) haze.  
Plumes are distinct in form and caused by a local source.  Layered haze is usually a result of 
pollution trapped beneath a temperature inversion resulting in clearer views at higher elevation 
sites than at locations closer to the ground.  Regional haze alters the entire view causing 
landscape features to evenly fade or disappear from sight.  Regional haze often travels long 
distances, covering large geographic areas. It is caused by light scattering and light absorption by 
fine particles and gases. This type of haze is the cause of most visibility impairment in the 
country.   
Visibility is easily understood in terms of visual range.  Standard visual range (SVR) has been a 
popular measure of atmospheric visibility because of its familiar units of measure (distance). The 
fact that a sighted person can use it to characterize visual conditions without instrumentation is 
another reason for its popularity.  However, visual range is not linear to human perceived changes 
in visibility.  For instance, a 5 mile change in visual range is most perceptible where the air is 
quite clear than under conditions where visibility is impeded by humidity or pollution sources. 
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To address different ambient conditions, a uniform standard of measure, called a “deciview”, has 
been developed to describe changes in visibility.  Specifically, it is a measure of light extinction.  
A change of 1.0 deciview is equivalent to a ten percent change in extinction and represents a “just 
noticeable” change in visibility.  The higher the deciview, the less a person can see into the 
distance (Nick and McCorison). 

AQRV: Nitrogen and Sulfur Deposition 
Atmospheric Deposition includes nutrients in several forms. The primary gases involved with 
Inorganic Nitrogen deposition include ammonia (NH3), nitrogen oxides (NOx), and nitric acid 
(HNO3), while the primary particles are nitrate (NO3-), and ammonium (NH4+). Ammonium 
(NH4+) are most often from agricultural sources. Sulfur dioxide (SO2) and HNO3 are emitted as 
a result of high temperature combustion (e.g. power plants, cars, industrial facilities), while 
ammonia (NH3), and nitrate (NO3) is the dominant sulfurous pollutant emitted by anthropogenic 
sources, including fossil fuel combustion and industrial processes.  
Sulfur is transferred to ecosystems through wet deposition of sulfate (SO4), as well as dry 
deposition of sulfate particles and gaseous SO2. 
Nutrients are essential to the health of wildland ecosystems however, excess inputs from 
anthropogenic (human caused) sources can alter natural processes through enrichment and 
acidification effects.  Deposition to terrestrial systems can cause chemical alterations to soil, 
affecting soil microorganisms and native vegetation. Ecosystem species composition and 
abundance may change as plants adapt to their new environment. Aquatic plants, invertebrates, 
amphibians, and fish are affected through water body acidification and eutrophication. Ecosystem 
indicators of excess Nitrogen and Sulfure deposition are listed in Table C-1 (Nick and 
McCorison). 

Table C-1. Indicators for excess nitrogen and sulfur deposition1 

Ecosystem Indicators for Sulfur Deposition Indicators for Nitrogen Deposition 
Freshwater Chemical change (depression in acid-

neutralizing capacity), changes in 
phytoplankton and benthic community 
composition, species diversity, 
biomass 

Chemical change (depression in acid-neutralizing 
capacity), changes in phytoplankton and benthic 
community composition, species diversity, 
biomass 

Terrestrial Leaching of soil cations, soil 
acidification, mobilization of aluminum 
ions; Lichen species and vitality 

Changes in: litter and soil carbon and N dynamics; 
biomass; soil N processes; litter decomposition 
rates; soil microbe functional groups; soil organic 
matter quality and quantity; soil water chemistry; 
Lichen species and vitality 

1 Adapted from Federal Land Managers’ Air Quality Related Values Working Group (FLAG).  
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The USDA Forest Air Quality Portal hosts the following maps, which indicate nitrogen and 
acidity exceedances on Forest Service lands in and around the GMUG (FAQP). 
Figure C-1 shows exceedances of nutrient nitrogen critical loads in the western, southern and 
northeastern portions of the forest. Figure C-2 shows exceedances of nutrient nitrogen critical 
loads for nitrate leaching in the western, southern and northeastern portions of the forest. Figure 
C-3 shows exceedances of nutrient nitrogen critical loads for herbaceous plants and shrubs in the 
western, southern and northeastern portions of the forest. Figure C-4 shows exceedances of 
nutrient nitrogen critical loads mycorrhizal fungi in the western, southern and northeastern 
portions of the forest. Figure C-5 shows large areas of minimum and maximum exceedances of 
nutrient nitrogen critical loads for lichens in the western, southern and northeastern portions of 
the forest. Figure C-6 shows no exceedances of critical loads of acidity in forested ecosystems. 
Figure C-7 shows exceedance of critical loads of acidity for surface waters in the southern 
northern and eastern portions of the forest.  

 
Figure C-1. Exceedance of nutrient nitrogen critical loads 
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Figure C-2. Exceedance of nutrient nitrogen critical loads for nitrate leaching 

Exceedance of nutrient nitrogen critical loads for herbaceous plants 

 
Figure C-3. Exceedance of nutrient nitrogen critical loads for herbaceous plants 
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Figure C-4. Exceedance of nutrient nitrogen critical loads for mycorrhizal fungi 

 
Figure C-5. Exceedance of nutrient nitrogen critical loads for lichens 
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Figure C-6. Exceedance of terrestrial critical loads of acidity in forested ecosystems 

 
Figure C-7. Exceedance of critical loads of acidity for surface waters 
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Nitrogen, Ammonium and Sulfur  
Nitrogen, Ammonium and Sulfur wet deposition rates are monitored by the National Atmospheric 
Deposition Program (NADP). This precipitation chemistry network began in 1978 with the goal 
of providing data on the amounts, trends, and geographic distributions of acids, nutrients, and 
base cations in precipitation. Results from sampling sites where spatially extrapolated to cover the 
continental US. 2014 was chosen for being the most recent published results. In Figures C-8–C-
13, 2011 maps show sampling site locations shown as black dots, and 2015 maps shows sampling 
site values.  For the GMUG, all the maps show low values in the lower elevation areas and 
increasing towards moderate values in higher elevations areas. 

 
Figure C-8. 2011 mapping of nitrogen wet deposition from nitrate 
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Figure C-9. 2015 mapping of nitrogen wet deposition from nitrate 

 
Figure C-10. 2011 mapping of nitrogen wet deposition from ammonium  
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Figure C-11. 2015 mapping of nitrogen wet deposition from ammonium 

 
Figure C-12. 2011 mapping of sulfate wet deposition  
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Figure C-13. 2015 mapping of sulfate wet deposition 

Trends in Sulfur Deposition 
Figure C-14 shows the trends in estimates of annual total (dry + wet) sulfur deposition (as S) 
based on measurements taken at the CASTNET reference sites. Aggregated S deposition declined 
considerably western reference sites over their respective periods. Total S deposition at the 
western reference sites was reduced 39 percent. The 2013 total S deposition estimates for western 
sites were the lowest in history of network. The relative contributions of dry and wet S deposition 
are shown in Figure C-15. 
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Figure C-14. Western reference sites trends in dry S deposition 

 
Figure C-15. Western reference sites trends in total S deposition 
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Trends in Nitrogen Deposition 
Figure C-16 depicts data obtained from the 17 western US reference sites for 1996 through 2013. 
The y axes on the two figures have different scales. Aggregated dry S deposition declined 
considerably at the western reference sites over their respective periods. Dry S deposition at the 
western reference sites showed a 40 percent reduction.  
Figure C-17 depicts the trends in estimates of annual total (dry + wet) nitrogen deposition western 
US reference sites. Total nitrogen deposition estimated for the western sites shows a relatively flat 
trend from 1996–1998 to 2011–2013 with an 18 percent decline. 

 
Figure C-16. Western references sites trends in dry N deposition 
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Figure C-17. Western references sites trends in total N deposition 

Mercury Trends 
Mercury has a long atmospheric lifetime and accumulates in the food chain. Anthropogenic 
(human-caused) increases in deposition are harmful to ecosystems and humans. The Mercury 
Deposition Network (MDN) is the only network providing a long-term record of total mercury 
(Hg) concentration and deposition in precipitation in the United States and Canada. However, 
spatial coverage and record length are short for the area covered compared to nitrogen and sulfate 
deposition. Figure C-18 and Figure C-19 shows modeled mercury concentration and deposition 
for 2011 and 2015. Deposition in the GMUG area declined from around 6-14 micrograms per 
cubic meter in 2011 to around 4-12 in 2015. Concentration declined from around 10-14 
nanograms per liter in 2011 to around 10-12 in 2015.  
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Figure C-18. 2011 mapping of mercury wet deposition 

 
Figure C-19. 2015 mapping of mercury wet deposition 
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