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1.0 INTRODUCTION AND 
BACKGROUND 
This Technical Support Document (TSD) contains 
the Air Quality Modeling Report for the recently 
(2006) completed air modeling conducted for the 
SEIS. The TSD also includes appendices which 
contain information on Health Effects (Appendix A) 
and Mitigation Measures for Particulate Matter with a 
size diameter below 10 microns (PM10) and Nitrogen 
Oxides (NOx) (Appendix B). This TSD also contains 
an expanded explanation for derivations of emission 
factors used within the air modeling conducted as 
part of the SEIS. Input emissions tables of emission 
inventory data obtained from state regulatory 
agencies which were used within the air model are 
included in Appendix C.  Model output is also 
presented in both tabular and graphical formats to 
assist the reader. Maps are included which illustrate 
localized and regional air quality impacts in Montana 
as predicted by the SEIS air modeling effort 
(Appendix F). 

The Powder River Basin (PRB) of Montana and 
Wyoming is a major coal resource region in the 
United States. It has also produced large quantities of 
natural gas and oil, and has experienced significant 
development of coal bed natural gas from its coal 
seams. The region also has a diverse set of 
environmental values, including proximity to some of 
the most pristine areas in the United States. Sensitive 
areas that were evaluated include the identified Class 
I areas, for air quality regulatory purposes, and other 
selected Class II sensitive areas, based on previous 
studies of coal development and coal bed natural gas 
development in the region.  

A Montana Statewide Oil and Gas Environmental 
Impact Statement (EIS) had been developed in 
January 2003. This report provides a supplemental 
analysis of potential impacts related to air quality for 
Coal Bed Natural Gas Development in the Powder 
River Basin area. The potential air quality impacts 
have recently been analyzed as part of two different 
studies:  

• Final Statewide Oil and Gas Environmental 
Impact Statement and Proposed  Amendment of 
the Powder River and Billings Resource 
Management Plans, prepared by the Bureau of 
Land Management Miles City Field Office and 
the Billings Field Office,  and the State of 
Montana Board of Oil and Gas Conservation and 
the Montana Department of Environmental 
Quality (BLM and Montana, 2003); The bulk of 

the technical review was based on data included 
in the Technical Support Document (Argonne 
2002) that was applied to both the Montana 
Statewide Oil and Gas EIS, and; 

• Task 1A and 3A Reports for the Powder River 
Basin Coal Review, Cumulative Air Quality 
Effects, prepared for the BLM Casper Field 
Office, and the Wyoming State Office (ENSR 
2005a, b).  

A series of dispersion modeling exercises were 
conducted for each of the cited studies and analyses. 
In this report, the studies will be referred to as the Oil 
and Gas EIS and the Coal Review, respectively. 
Additional impact analyses have been carried out for 
the Tongue River Railroad expansion and the 
Proposed Roundup Power Plant in Musselshell 
County, Montana. The results of these proposed 
projects are also incorporated into this report. 

This study provides a further evaluation of the air 
quality-related environmental impacts of continued 
development of coal bed natural gas resources in the 
region. The evaluation includes estimating emissions 
and potential impacts for a base year (2004), and 
estimating comparative potential impacts for peak 
development for three separate development 
scenarios. This report describes the emissions 
development, summarizes those data, discusses the 
modeling efforts, and presents results for the base 
year and alternative development plans.  

The purpose of the study was to evaluate the regional 
changes in air quality potential impacts resulting 
from three separate development scenarios. The study 
is not designed to provide specific air permitting data 
for a specific project. The focus is on potential 
impacts in the Powder River Basin “region,” which is 
characterized as the near-field grid, and on the 
sensitive receptor groups surrounding the region. 
Details of the analysis are provided for all groups, but 
emphasized for the near-field and for the sensitive 
areas that have the highest modeled potential impacts 
from the sources in the region.  

Finally, a word should be said regarding dispersion 
modeling analyses and their use in planning and 
decision-making. All dispersion models, regardless of 
their level of complexity, are mathematical 
approximations (based largely on fluid dynamics) of 
the behavior of the atmosphere. Therefore, 
particularly given the uncertain nature of the number 
and placement of the RFD Alternative sources used 
in this analysis, the results need to be viewed 
appropriately as estimates of possible future 
concentrations and not exact predictions in time and 
space.   
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Because of this, dispersion modeling is generally 
conducted in a somewhat conservative manner, 
attempting to insure that the final results do not 
underestimate the actual or future impacts, so that 
appropriate planning decisions can be made. For 
example, sources may be assumed to operate for 
longer times or emit more pollutants than might be 
reasonable to expect to insure that health-based air 
standards are protected. On the other hand, analyses 
are not conducted assuming the worst-case conditions 
across the board, which could lead to a “false-
positive” result. Hence, dispersion modeling analyses 
are a balancing act, using the best available 
information and methods (EPA-approved models, 
emission factors, etc.) when possible, and the best 
scientific and professional judgment otherwise, trying 
to shade the analysis so that the final results do not 
under-predict the actual concentrations. 

Oil and Gas EIS  
The Oil and Gas EIS included evaluations of the full 
range of environmental issues for development in the 
Montana and Wyoming Project Areas. Figure 1-1 
depicts the EIS study area and the receptor grids. For 
comparison to this study, the EIS included three 
separate model runs to address potential impacts on 
air quality for several development alternatives that 
included no action, a preferred development 
alternative, and three other alternatives that addressed 
varying development limitations or emphases. The 
study addressed potential impacts from project 
sources and from non-project sources in a five-state 
region. It predicted potential impacts on ambient air 
quality standards (NO2, SO2, PM10, PM2.5, and CO), 
PSD Class I increments, sulfur and nitrogen 
deposition, visibility in Class I areas, and potential 
impacts on sensitive lakes.  

Among the analyzed alternatives, the common 
cumulative impacts for all alternatives included 
potential exceedances of the 24-hour PM10 standard 
in the near-field receptors in Montana. The 
exceedances were generally due to PM10 sources near 
mining operations; however, the method of analysis 
was not sufficiently detailed to provide a regulatory 
estimate of actual exceedances. The EIS analysis also 
reviewed PSD increments and noted potential 
impacts above the PSD levels, but did not specifically 
sort PSD increment consuming sources into their 
specific potential impacts  The EIS noted that 
potential impacts among the alternatives are 
generally similar (Alternatives B, C, and E were 
stated to have similar potential impacts). The 
potential impacts of the alternatives under 

consideration were generally below applicable 
standards and increments, as well as having minimal 
potential impacts on visibility and acid deposition. 
The potential impacts of concern resulted from 
cumulative impacts of non-project sources that were 
analyzed in the study. All alternatives cumulative 
modeling showed visibility impacts at Class I areas, 
with the greatest potential impacts at the Northern 
Cheyenne Indian Reservation. Among the Class II 
areas reviewed, greatest potential impacts were at the 
Crow Indian Reservation, just west of the Northern 
Cheyenne Indian Reservation.  

The Oil and Gas EIS identified existing air quality 
conditions in the region at the Morningstar, Badger 
Peak, and Lame Deer monitoring sites. The summary 
of monitoring information showed 24-hour PM10 
potential impacts exceeded the ambient air quality 
standard of 150 µg/m3, at one site, specifically the 
Lame Deer monitoring site on the Northern 
Cheyenne Indian Reservation. Additionally, 
monitoring in Wyoming showed the possibility of 
exceedences of the 24-hour PM10 standard and Class 
II PSD increments. Air quality levels of NO2 and SO2 
were well below the ambient standards at all 
monitoring sites in the region.  

The key emissions input data were based on 
emissions from the proposed alternatives along with 
other selected non-alternative sources in the region. 
A review of the database used in the study prepared 
by Argonne National Labs (Argonne 2002) indicated 
that actual emissions data that were modeled 
included: those sources operating after the 
monitoring period used to establish baseline air 
quality conditions; the changes in emission rates for 
some existing projects associated with the period of 
development of any of the alternatives; and project 
RFD scenarios and reasonably foreseeable future 
actions. Only those sources with changes in 
emissions, as reported by regulatory agencies, 
including WDEQ were included in the modeling. As 
a result, the modeling effort focused on potential 
impacts from new and altered permitted sources in 
the region. A series of alternatives was evaluated 
including Alternative A (which projected limited 
development under existing management 
prescriptions) and Alternatives B and D, which 
addressed various development scenarios and 
different measures that would influence air quality 
emissions. Other un-modified sources or potential 
emission rates were not modeled. The potential 
impacts from these sources were addressed by adding 
a background concentration to any analyses of the 
ambient air quality impacts for comparison to 
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National and Montana Ambient Air Quality 
Standards.  

Montana Near-field Receptors:  For Alternative A, 
the projected potential impacts were modeled to be 
below the associated ambient air quality standards for 
all criteria pollutants except for the cumulative 
analysis of potential impacts on the 24-hour PM10 
standard. The cumulative impact on the annual PM10 
standard was estimated to be about 86 percent of the 
applicable standard (50 µg/m3) for near-field and 66 
percent at far-field receptors. Potential impacts from 
other pollutants were evaluated to be only a few 
percent of the applicable ambient standard, and 
potential impacts from the proposed development 
were also well below the applicable Class II PSD 
increments. The potential impacts from Alternatives 
B-D showed slight increases in the PM10 impacts, but 
did not change the fact that the predicted 24-hour 
PM10 impact was above the established national and 
state ambient air quality standards. The potential 
impacts of other pollutants increased slightly, but did 
not exceed the ambient standards. Those impacts 
remained at just a few percent of the established 
standards.  

Class I and Class II Sensitive Receptor Areas:  
The Oil and Gas EIS evaluated  air quality potential 
impacts from criteria pollutants in the Class I and 
Class II areas with national and state ambient air 
quality standards and PSD increments. The results for 
Alternative A showed cumulative potential impacts 
exceeding the 24-hour PM10 ambient air quality 
standard in the near-field and the PSD increments in 
the near-field Crow Indian Reservation Class II area 
and the Northern Cheyenne Indian Reservation Class 
I area. The cumulative potential impacts from 
Alternatives B-D indicated similar exceedances of 
the 24-hour PM10 ambient air quality standard in 
near-field and PSD increment in near-field and 
Northern Cheyenne Indian Reservation receptors and 
the Washakie WSA. However, under Alternatives B 
and C, cumulative potential impacts were also 
predicted to exceed the annual NO2 PSD increment 
on Northern Cheyenne Indian Reservation receptors. 
The air quality analysis does not represent a 
regulatory PSD increment consumption analysis.  

The Oil and Gas EIS also addressed potential impacts 
on the Class I – Air Quality Related Values (AQRVs) 
including visibility, acid deposition, and acid 
neutralizing capacity at sensitive lakes. Potential 
impacts on visibility were evaluated in accord with 
the FLAG (2000) method which tabulated the 
number of days in which increased visibility 
impairment was greater than 10 percent of the 
background value at each receptor group. The results 

for Alternative A showed almost no impact from 
project development sources only; however potential 
impacts associated with non-project sources and 
cumulative impacts led to modeled impacts up to 25 
and 28 days per year at Class I receptors to the east 
(predominately downwind) of the project area 
(Badlands National Park and Wind Cave National 
Park, respectively). Although the Northern Cheyenne 
Indian Reservation is designated as Class I for air 
quality, national visibility regulations do not apply to 
the Northern Cheyenne Indian Reservation Class I 
area because such regulations only apply to 
mandatory Class I areas. The maximum potential 
impacts on visibility show up to 42 days in which 
potential impacts were modeled at the Northern 
Cheyenne Indian Reservation. Among the Class II 
areas evaluated, the maximum potential impacts were 
noted for up to 69 days or more at the Crow Indian 
Reservation and up to 61 days at the Fort Belknap 
Indian Reservation.  

The results for the other full development alternatives 
show modeled potential impacts at mandatory Class I 
areas for only 0-4 more days per year when emissions 
from all sources are considered. Potential impacts at 
the Northern Cheyenne Indian Reservation are up to 
92 days per year and up to 116 days per year at the 
Crow Indian Reservation.  

Acid Deposition:  The Oil and Gas EIS evaluated 
potential impacts at identified sensitive lakes. The 
acid neutralizing capacity of each of the lakes was 
tabulated, and the predicted deposition of nitrogen 
and sulfur compounds was used to evaluate changes 
in acid neutralizing capacity at each lake. The 
guideline indicates that if the acid neutralizing 
capacity of a lake is above 25 micro-equivalents per 
liter (µeq/L) then a 10 percent change in acid 
neutralizing capacity is considered significant 
(USDA 2000, Fox et al. 1989). For lakes with lower 
acid neutralizing capacity a change of 1 µeq/L is 
considered significant.  

Results showed that potential impacts were below the 
established thresholds for all lakes except Upper 
Frozen Lake in the Bridger Wilderness Area for all 
alternatives considered. For this lake, whose acid 
neutralizing capacity is less than 25 µeq/L, each 
alternative led to an increase of more than 1 µeq/L. 
For other lakes only Florence Lake in the Cloud Peak 
Wilderness Area showed a potential impact that was 
above the 10 percent change. Under Alternative B, C, 
and E, a cumulative increase of 10.4% was indicated.   
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Coal Review  
As noted above, the Coal Review documented the air 
quality impacts of operations for coal development in 
the same region along with technical analyses of 
water and socioeconomic studies for potential coal 
development in the Montana and Wyoming Powder 
River Basin area. Figure 1-2 provides a depiction of 
the coal review study area and the associated receptor 
grids. Modeling results were presented for a base 
year (2002), using actual emissions and estimates of 
actual emissions and operations for that year. 
Modeling results were also presented for upper and 
lower reasonably foreseeable development scenarios, 
projected for 2010; and qualitative estimates of 
potential impacts were provided for 2015 based on 
expected development of specified source groupings. 
The analyses evaluated potential impacts both within 
the PRB itself and at selected sensitive areas 
surrounding the region. The analysis specifically 
looked at potential impacts of coal mines, power 
plants, coal-bed methane development, and other 
activities. Results were provided for both Montana 
and Wyoming source groups and receptors.  

The study area covers the CBNG development region 
in Montana. The technical air quality analysis effort 
focused on coal development, with additional 
assessment of CBNG development in Wyoming.  

For the base year, results were provided as maximum 
potential impacts for receptor groups, including the 
near-field grid receptors, separately in Montana and 
Wyoming, and at the sensitive Class I and Class II 
receptor groups. This analysis provided the basis for 
making estimates of changes in future impacts. The 
analysis also provided potential impacts of acid 
deposition and visibility in the sensitive receptor 
areas, as well as assessment of changes in acid 
neutralizing capacity at identified sensitive lakes.  

In general, the air quality in the region is very good, 
as demonstrated by measured levels of NO2, SO2, and 
PM10 with the exception of PM10 concentrations near 
coal mine operations. Both the monitored data and 
the modeled results for the base year study showed 
that there was a concern about ambient 
concentrations of PM10, particularly for the 24-hour 
standard in the near-field receptor grid at receptors 
near coal mine operations in both Wyoming and 
Montana. This result was consistent with the modeled 
concentrations, which showed potential exceedances 
of the 24-hour PM10 standard for the base year. The 
Class I area potential impacts were evaluated to 
compare potential impacts to PSD increments as a 
threshold of concern and do not represent a 
regulatory PSD Increment Consumption Analysis.  

At the Wyoming near-field receptors, the maximum 
potential impacts were associated with coal-related 
operations in Wyoming. Potential impacts of NO2 
and SO2 were well below the ambient air quality 
standards for all receptors. For PM10 the analysis 
predicted potential impacts above the 24-hour PM10 
National and Wyoming Ambient Air Quality 
Standard of 150 µg/m3 at a few receptors near the 
mining operations. The base year maximum annual 
potential impacts were predicted to be below the 
annual PM10 standard of 50 µg/m3. The maximum 
potential impacts were restricted to a few receptors 
near the mining operations, however.  

Similar to the near-field in Wyoming, the projected 
potential impacts on NO2 and SO2 levels in Montana 
were well below the applicable state and federal 
standards. The predicted impacts on 24-hour PM10 
levels were above the standard of 150 µg/m3 at a few 
points near mining operations. The annual PM10 
impact was predicted to be below the annual 
standards.  

Of all the Class I areas that were analyzed, the 
maximum potential impacts were predicted to occur 
at the Northern Cheyenne Indian Reservation in 
Montana. The bulk of the potential impacts for all 
three criteria pollutants at Class I areas were caused 
by coal-related sources in Montana, and the bulk of 
the SO2 impacts occurred from power plant 
emissions. All potential impacts were predicted to be 
below the ambient standards at all receptors for the 
base year. Of all the Class I areas that were analyzed, 
the maximum potential impacts were predicted to 
occur at the Northern Cheyenne Indian Reservation 
in Montana. Potential impacts at other Class I areas 
were also tabulated, but showed still lower impacts. 
At the nearest areas (Washakie Wilderness Area and 
Wind Cave National Park) impacts were generally a 
few percent of the ambient standards.  

Among the sensitive Class II areas, the maximum 
potential impacts occurred at the Crow Indian 
Reservation in Montana. Potential impacts of NO2 
and SO2 at sensitive Class II areas were again well 
below the ambient standards, but PM10 impacts were 
20 percent of the 24-hour ambient standard and 6 
percent of the annual PM10 standard. Among the 
sensitive Class II areas, the maximum potential 
impacts occurred at the Crow Indian Reservation in 
Montana.  

Visibility potential impacts were analyzed for the 
indicated Class I and Class II areas. Using the 
CALPUFF modeling system, potential impacts were 
analyzed using the Method 6 approach, which uses 
monthly relative humidity values for each of the 
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receptor groups. Potential impacts were assessed 
using the highest 24-hour calculated extinction within 
each receptor group, and were calculated as a percent 
change in extinction from a background value. The 
study tabulated the reduced visibility at the maximum 
impact receptor in each of the Class I and Class II 
groups. Results were presented as the number of days 
of annual visibility reduction of 5 percent and 10 
percent of the background value. Maximum potential 
impacts were observed at Class I areas adjacent to the 
source area (the Northern Cheyenne Indian 
Reservation) and to the east of the PRB, specifically 
the Badlands National Park and the Wind Cave 
National Park. These receptor groups had maximum 
modeled impacts above 10 percent degradation for 
200 days or more per year.  

Acid deposition potential impacts were analyzed for 
nitrogen and sulfur compounds for all the indicated 
Class I areas. For all areas, the combined deposition 
rates did not exceed the established thresholds of 3 
kilograms per hectare per year (kg/ha-yr) for nitrogen 
compounds and 5 kg/ha-yr for sulfur compounds. 
The maximum deposition rates were observed at the 
Wind Cave National Park but all potential impacts 
were less than 10 percent of the established 
thresholds.  

Eight separate lakes were identified as sensitive to 
acid deposition impacts, and were analyzed in accord 
with the screening methodology as provided by the 
US Forest Service. Data for lake acid neutralizing 
capacity were taken from the FS web site, which 
provides data for the 10 percent ANC values for the 
individual lakes. The threshold for significance was 
established at a change of 10 percent reduction for 
lakes with an acid neutralizing capacity of 25 micro-
equivalents per liter (µeq/L) or more and a change of 
1 µeq/L for lakes with less than 25 µeq/L acid 
neutralizing capacity. For the base year, all potential 
impacts were below the established thresholds, but 
were close to the established thresholds for Upper 
Frozen Lake in the Bridger Wilderness Area and at 
Florence Lake in the Cloud Peak Wilderness Area.  

The Task 3A report for the Coal Review provided a 
modeling assessment of projected coal-related growth 
for 2010. Both a projected lower development 
scenario and an upper development scenario were 
analyzed. For coal-related sources, the overall 
projected growth in operations (and emissions) for 
the lower development scenario was about 13 percent 
in both Wyoming and Montana. For the upper 
development scenario, the projected growth from the 
base year was about 32 percent in Wyoming and 41 
percent in Montana. The analyses included the 
foreseeable growth in power plant emissions, as a 

result of foreseeable additions to power generation. 
The Roundup Power Plant was not included directly 
in this analysis (although a separate evaluation of this 
individual source was conducted with the same 
modeling effort). 

In comparison to the base year results discussed 
above, the following conclusions were made: For the 
near-field receptor grids, air quality modeling results 
showed that the predicted development continued to 
exacerbate the predicted air quality impacts for 24-
hour PM10 and that the impacts on annual PM10 levels 
in Wyoming only would exceed the PM10 standard of 
50 µg/m3 at a few receptor points under the 2010 
upper development scenario. Potential impacts of 
other pollutants increased with increased 
development, but the modeled impacts remained well 
below the ambient air quality standards.  

The major potential impacts on Class I areas 
continued to occur at the Northern Cheyenne Indian 
Reservation. Predicted impacts were well below the 
ambient standards, but were above the PSD 
increments. At other Class I areas, only the 24-hour 
PM10 impacts were modeled to be above the PSD 
increments for the base year and for the 2010 upper 
and lower development scenarios.  

At the modeled Class II receptor areas, the maximum 
potential impacts occurred at the Crow Indian 
Reservation. Predicted 24-hour PM10 impacts were 
above the PSD Class II increments (30.5 to 36.7 
µg/m3 versus a standard of 30 µg/m3). Impacts at 
other Class II areas were below the established Class 
II increments.  

At the identified Class I areas, the analysis identified 
the modeled increase in the number of days where 
potential impacts exceeded a 10 percent reduction in 
visibility. The major potential impacts occurred at 
Class I areas to the east of the PRB area, including, 
for the 2010 upper development scenario, an increase 
of 26 days per year at Badlands National Park, 22 
days per year at Theodore Roosevelt National Park, 
and 15 days per year at Wind Cave National Park.  

For sensitive lake impacts, modeled results showed 
changes in acid neutralizing capacity above 10 
percent at Florence Lake for each of the 2010 
scenarios, and an increase of more than 1 µeq/L at 
Upper Frozen Lake. These findings are consistent 
with the Oil and Gas EIS and with the base year Coal 
Review analysis. In general impacts at other lakes are 
well below the thresholds for significant impact. 
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Objective of This Study  
Key Issues  

The main objective of this study is to identify the 
changes in air quality impact resulting from the 
projected alternatives of development. Potential 
impacts are assessed at “near-field receptor grids” in 
both Wyoming and Montana and at the individual 
sensitive receptor areas as well. The impacts were 
evaluated for the same receptor set that was used in 
the Coal Review, using the same dispersion model 
and the receptor data. The near-field potential 
impacts refer to receptors in the Powder River Basin, 
near the projected development. Generally those 
receptors are within 50km of the development area.  

Similar to the Coal Review, the key issues include 
the following:  

• Characterizing emissions and controls. The 
emission source groups that were developed for 
the Coal Review form the basis for developing 
emission rates for this study, based on the 
changes in expected production for those source 
groups.  

• Using representative meteorological data. 
Modeling was conducted using three years of 
gridded meteorological data, using the 
CALPUFF modeling system. The potential 
impacts of base year operations were modeled 
with all three years, and the year with the 
maximum impact was chosen for further 
modeling addressing the alternate development 
scenarios.  

The assessment included evaluation of potential 
impacts at all receptor groups on ambient air levels of 
nitrogen dioxide (NO2), sulfur dioxide (SO2), 
particulate matter with aerodynamic diameter of 10 
microns or less (PM10), and selected hazardous air 
pollutants (HAPs). The HAPs were evaluated at the 
near-field receptors in Montana and Wyoming, but  

• Assessing nearby impacts. The evaluation of 
potential impacts in the PRB, using a “near-field 
receptor grid” is similar to the Coal Review Task 
1A study. The study does not address the type of 
impact analyses that would be provided for 
obtaining an air permit for a specific facility. The 
focus is to provide a general depiction of overall 
potential impacts in the region. 

not at the sensitive receptor areas. At the sensitive 
receptor areas, potential impacts on visibility and 
acid deposition were also evaluated. The study 
evaluates the changes in potential impacts for each of 
these fields for the expected levels of development. 
The study includes evaluation of potential impacts at 
identified sensitive lakes in the region. 

The study included development of emission rates 
and emission factors, or increases in emissions, for 
each of the source groups. Emission rates for CBNG 
development and conventional oil and gas 
development were based on data developed for the 
2003 final EIS (Argonne 2002). Information from 
state agencies was utilized for development of the 
baseline year emissions from non-project sources. 

• Assessing potential impacts on Class I and 
sensitive Class II areas. Class I sensitive areas 
require enhanced protection, based on federal 
law. The study evaluates potential impacts on 
ambient air quality standards, acid deposition, 
visibility, and identified sensitive lakes. The PSD 
increment consuming sources are not identified 
or modeled separately in this study. Therefore 
while the results are compared to the Class I and 
Class II PSD increments, no formal PSD 
evaluation is made.  
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Figure 1-1 

Montana Statewide Oil and Gas EIS Study Receptor Grids and Modeling Domain  
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Figure 1-2  

Coal Review Receptor Grids and Modeling Domain 

Figure 1-2 
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2.0 TECHNICAL 
APPROACH 
Overview of Assessment 
Approach 
The objective of the study is to evaluate potential 
impacts over a wide range of receptors centered over 
the PRB study area. The evaluation covers receptors 
within the PRB in both Montana and Wyoming, and 
it includes individual sensitive receptor groups in the 
region surrounding the PRB study area. Key aspects 
of the assessment include the selection of air 
emissions within the study area, the selection of a 
modeling system to conduct that evaluation, the 
selection of a receptor set (within the model system)  
to be used for evaluating those potential impacts, and 
the selection of criteria for evaluation of those 
potential impacts.  

This study addressed the impact of changes in 
emissions from a base year for three separate 
development scenarios. The assessment evaluated 
changes in air quality levels for NO2, SO2, PM10 and 
PM2.5 at the identified receptors. The potential 
impacts from the development scenarios were 
assessed at all receptor groups. The study analyzed 
the potential impacts from identified separate source 
groups, which allowed a characterization of potential 
impacts from the individual groups.  

This section provides a detailed review of the 
modeling system, the emissions characterization, the 
receptor grids that were used, and the assessment 
criteria that were used for evaluation of potential 
impacts.  

Air Quality Modeling  
To conduct a formal modeling of those potential 
impacts, the USEPA guideline model CALPUFF 
(Scire, et al. 2000) was used to estimate potential 
impacts in both the PRB receptors and the sensitive 
surrounding areas. The CALPUFF modeling system 
was recommended for a refined modeling analysis of 
the region in order to assess potential impacts over 
near-field and distant receptor areas. The CALPUFF 
modeling system has three main components: 

• CALMET (a diagnostic three-dimensional 
meteorological model, which develops the 
meteorological data for modeling input); 

• CALPUFF (the transport and dispersion model 
that carries out calculations of dispersion); 

• CALPOST (a post processing package that is 
used to depict overall concentrations and 
potential impacts).  

The CALPUFF modeling system is designed to treat 
the time-varying point and area source emissions, 
model domains at distances from tens of meters to 
hundreds of kilometers from the sources; predict 
averaging times from 1 hour to 1 year; predict 
impacts for inert pollutants that are not chemically 
changed in the atmosphere; predict potential impacts 
of pollutants that may be subject to removal and 
chemical conversion mechanisms; and be applied to 
rough terrain situations. Given these strengths and the 
objectives of the study, the CALPUFF model is aptly 
suited to carrying out the required atmospheric 
dispersion modeling.  

The CALPUFF modeling domain for the PRB Coal 
Study was established to be identical to that used in 
the PRB Oil and Gas Final EIS (BLM 2003) and the 
base year study that is part of the overall coal review 
(ENSR 2005a,b). A depiction of the CALPUFF 
modeling domain, along with the depiction of the 
study area and sensitive receptors, is provided in 
Figure 1-2. 

The CALMET input files were developed from the 
regional MM5 data base for 2001, 2002, and 2003. 
All three years were used to develop the potential 
impacts for the base year (2004 emissions). The study 
first analyzed the potential impacts for all three years 
for the base year, focusing on potential impacts in the 
near-field. A comparison of the potential impacts 
from those three years concluded that the year 2002 
would provide the highest potential impacts in the 
near-field. For each of the development scenarios, the 
potential impacts were then analyzed using only 2002 
meteorological data.  

Receptor Grids and Analyses  
Receptor grids were established for both near-field 
and far-field areas (sensitive Class I and Class II 
areas of concern). These included the near-field 
receptors in both states, which cover the study area in 
each state. The receptor grids are the same as those in 
the Coal Review, as shown in Figure 1-2. The near-
field grid receptors cover grid points within the 
boundaries of the PRB development area. Near-field 
receptors were arranged to obtain the maximum 
estimated concentrations that result from 
development within the PRB.  

The purpose of establishing the near-field receptors is 
to characterize the overall air quality conditions in 
the PRB as a result of this development, but not to 
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focus on potential impacts from any one individual 
source. This approach does NOT address the 
modeling that would be needed for assessing 
potential impacts at any facility fence lines, which is 
generally required for obtaining an air permit from a 
regulatory agency. Consequently, all near-field 
receptors that were located within 1 km of a modeled 
source were removed from the near-field grid. 
Overall the near-field receptor grid points were 
spaced at 1-km intervals over the study area. The 
elevation of each receptor was obtained from the 
USGS Digital Elevation Model data for the 
1:250,000 quads with 90-meter horizontal resolution.  

Receptors spaced at 1-km intervals were located 
along boundaries of Class I and Class II areas and 
receptors spaced at 2-km intervals were located 
within each of the following Class I and specified 
Class II sensitive areas of concern within the 
modeling domain:  

• Badlands National Park  
• Wind Cave National Park  
• Bridger Wilderness Area  
• Fitzpatrick Wilderness Area  
• Washakie Wilderness Area  
• North Absaroka Wilderness Area  
• Northern Cheyenne Indian Reservation (Class 1, 

Northern Cheyenne Tribal Council) 
• Devils Tower National Monument  
• Mount Rushmore National Memorial  
• Jewel Cave National Monument  
• Agate Fossil Beds National Monument  
• Fort Laramie National Historic Site  
• Black Elk Wilderness Area  
• Soldier Creek Wilderness Area  
• Cloud Peak Wilderness Area  
• Yellowstone National Park  
• Grand Teton National Park  
• Teton Wilderness Area  
• Absaroka Beartooth Wilderness Area  
• Bighorn Canyon National Recreation Area  
• Popo Agie Wilderness Area  
• Crow Indian Reservation (Class II, Crow Tribal 

Council)  
• Theodore Roosevelt National Park  

The following areas are near the edge of the 
modeling domain. Modeled impacts at receptors 
within these areas near the edge of the modeling 

domain might be associated with model inaccuracies 
and uncertainties due to edge effects of the modeling. 
Therefore, estimates of potential impacts to these 
areas near the edge of the modeling domain were 
made by placing representative receptors no nearer 
than 25 km from the edge of the modeling domain:  

• Bob Marshall Wilderness Area  
• Gates of the Mountains Wilderness Area  
• Lee Metcalf Wilderness Area, Spanish Peaks 

Unit 
• Lee Metcalf Wilderness Area, Taylor Hillgard 

Unit 
•  Red Rock Lakes Wilderness Area  
• Jedediah Smith Wilderness Area 
• Mount Naomi Wilderness Area  
• Wellsville Mountain Wilderness Area  
• U.L. Bend Wilderness Area  
• Fort Peck Indian Reservation (Class I, Fort Peck 

Tribal Council)  
• Scapegoat Wilderness Area  
• Fort Belknap Indian Reservation.  

These locations as well as other sensitive receptors, 
such as lakes are indicated in Figure 1-2. The 
receptors were spaced with sufficient density to 
assure that the maximum potential air quality impacts 
are evaluated. All sensitive receptors were identified 
and reviewed in the modeling protocol by the 
stakeholder group, prior to initiating the modeling.  

Emissions Input Data  
Source characterization and emissions data are key 
inputs to conducting a successful modeling analysis. 
The bulk of the emissions data were provided by the 
regulatory agencies (Wyoming Department of 
Environmental Quality, or WDEQ, and the Montana 
Department of Environmental Quality, or MDEQ). 
Emissions data for major sources in nearby states, 
which are also within the model grid, were obtained 
from the individual state regulatory agencies (Idaho, 
Utah, Nebraska, South Dakota, and North Dakota). 
An expanded discussion and presentation of input 
emission files is included as Appendix C to this TSD.  

Emissions Source Groups  
Similar to the Coal Review, the emission sources for 
the study were separated into various emission source 
groups, which were analyzed separately. The 
emission source groups that were analyzed focused 
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on certain air pollutant emissions including SO2, 
NOx, and PM10. The emission source groups that 
were analyzed also focused on certain hazardous air 
pollutant (HAP) emissions including benzene, n-
hexane, toluene, ethyl-benzene, xylene and 
formaldehyde. The study also included a group of 
major sources that were identified by the 
Environmental Defense Fund (and others) in 
response to the analyses in the Montana Statewide 
EIS. The following emission source groups were 
analyzed as part of this study:  

• All sources combined;  
• CBNG sources; 

⎯ CBNG production, separately for each state  
⎯ CBNG operation, separately for each state; 

• Conventional oil and gas sources;   
• Coal-related sources (from both states, including 

power plants and conversion facilities) ; 
• Coal mines (in both states) ; 
• Montana sources (all sources located in Montana 

not otherwise identified); 
• Wyoming sources (all sources located in 

Wyoming not otherwise identified); 
• Non-coal sources (roads, railroads, urban areas, 

miscellaneous sources, all sources in ID, UT, 
NE, SD, ND) ;  

• Environmental Defense Fund (EDF) identified 
sources; and  

• Power plants (includes coal- and gas-fired power 
plants in Wyoming and Montana).  

Base Year Selection  
At the start of the project the year 2004 was selected 
as a base year for determining current emissions and 
potential impacts. The 2004 data were readily 
available, and the year coincided with the emissions 
inventory being collected by the Western Regional 
Air Partnership (WRAP). Emission rates for 2004 
were calculated in different manners for each 
emission source group. Emission rates for the 
projected development scenarios were estimated for 
the year with the expected maximum emissions from 
the development scenarios. For this effort, the 20th 
year of projected development was used, as discussed 
below. The methodology used to calculate emission 
rates for each emission source group is as follows. 

Alternative Development Year  
The purpose of this effort is to characterize maximum 
emissions from selected alternate development 
scenarios over an extended period in the future, and 
to evaluate the comparative potential impacts from 
the emissions associated with each alternate 
development scenario when considering approval of 
any of those alternatives. This study will use 
projected emissions for each scenario as input into 
the dispersion model. The alternative development 
year (ADY) that was used for evaluation of 
alternatives was selected based on the total maximum 
emissions from the Montana CBNG construction and 
operation combined for each of the alternatives over 
a 20 year span.  

Data shown in Table 2-1 provide the total emissions 
from well construction and operations, and total 
emissions from the combined sources for each 
alternative. The table shows the maximum potential 
impacts that are likely to occur in year 20 or 21 of 
this analysis (2026 or 2027) for all alternatives. 
Construction emissions peak in Year 4, but 
operational emissions are much larger and therefore 
dominate the emission pattern. Details of the total 
emissions are provided in the Appendix C. Based on 
the emissions data presented in Table 2-1, Year 20 
was selected as the ADY for which potential impacts 
are modeled in this report. For the base year (2004) 
and the ADY (Year 20), a set of emission factors and 
emission rates for each of the identified source 
groups was developed, as described below.  

Emissions by Source Group  
This section summarizes the calculation of emissions 
for each source group identified above. Both the base 
year and ADY are included in this discussion.  
 

Coal Bed Natural Gas Sources  
As shown in Table 2-1, the coal bed natural gas 
(CBNG) production sources form the basis for 
conducting the evaluation. For this study, projected 
CBNG development was provided for the Montana 
area study by watershed area. Each of the watersheds 
was identified and a level of CBNG development was 
assigned to each watershed, including both well 
development/construction and well operation in year 
20. Emissions from the well development and 
operation were calculated based on the number of 
wells in each category, using emission factors that 
were developed for Table 2-1. 
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Overall Alternative E had greater development in 
terms of operational wells, but the least in terms of 
wells under construction. In general the development 
from Alternative E through Alternative H showed an 
increase in the number of wells under construction. 
Other relevant development data is presented in 
Tables 2-1 and 2-2.  

A total of 15 separate watersheds are included in this 
analysis, for each of the three alternative 
development scenarios that are under consideration. 
Table 2-2 lists each alternative, along with projected 
development and associated emission rates for each 
watershed. The total wells and emissions are also 
provided for each alternative.  

To conduct the modeling, the emissions from each 
watershed were assigned to 5 separate point sources 
within each watershed, using representative stack 
parameters for oil and gas development.  

Among the alternatives, there are different 
development rates in several of the watersheds. In the 
Rosebud watershed, the maximum operation wells 
occur in Alternative E, with less in Alternatives F and 
H respectively. The Lower Yellowstone Sunday and 
Upper Yellowstone Lake B combined had greater 
development in Alternative E than in any of the other 
alternatives.  

 

 
Table 2-1  

Total Annual Emissions for Alternatives Under Consideration  
 

  Alternative E  Alternative F  Alternative H  

Year 
Sum Total 
Emissions 

Oper (Tons) 

Sum Total 
Emissions 

Const (Tons) 

Sum Total 
Emissions 
All (Tons) 

Sum Total 
Emissions 

Oper (Tons) 

Sum Total 
Emissions 

Const (Tons) 

Sum Total 
Emissions 
All (Tons) 

Sum Total 
Emissions 

Oper (Tons) 

Sum Total 
Emissions 

Const (Tons) 

Sum Total 
Emissions All 

(Tons) 

1 536 1917 2454 357 1277 1634 357 1276 1633 
2 1717 2303 4021 1250 1915 3166 1250 1914 3164 
3 3543 4220 7762 2419 2261 4679 2419 2263 4681 
4 6009 4596 10605 3740 2461 6201 3744 2473 6217 
5 8476 4220 12696 5080 2260 7340 5069 2263 7332 
6 10516 3070 13586 6255 1914 8169 6261 1999 8260 
7 12126 2684 14810 7333 1916 9249 7356 1914 9271 
8 13413 1917 15331 8412 1914 10326 8428 1914 10342 
9 14486 1918 16404 9490 1914 11404 9499 1914 11413 

10 15452 1532 16984 10568 1914 12482 10570 1914 12485 
11 16202 1151 17353 11644 1915 13559 11642 1914 13556 
12 16846 1151 17998 12713 1905 14618 12713 1914 14627 
13 17490 1150 18641 13731 1734 15465 13784 1914 15699 
14 18134 1150 19285 14702 1735 16437 14856 1914 16770 
15 18778 1151 19929 15673 1735 17407 15927 1914 17842 
16 19368 959 20327 16573 1482 18055 16998 1914 18913 
17 19905 957 20862 17401 1479 18880 18040 1809 19850 
18 20441 960 21400 18200 1377 19578 19018 1683 20701 
19 20924 766 21690 18906 1143 20049 19930 1578 21508 
20 21457 571 22028 19487 935 20422 20754 1367 22122 
21 0 0 0 19691 1070 20761 21071 575 21646 
22 0 0 0 19032 1043 20075 0 0 0 
23 0 0 0 17198 1049 18247 0 0 0 
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Coal Production Related Sources 
For coal production related sources, which included 
mines, mine roads, railroads, and coal conversion 
sources, the base year data (2004) was used to 
establish the baseline emissions. Coal production 
estimates were obtained from analyses of the Coal 
Review, and those estimates were used to change 
total coal-related mining sources Total coal 
development was based on the Coal Review. 
Emissions for the ADY were based on coal 
development projections and applied to both 
Montana and Wyoming.  

Figure 2-1 provides a graphical representation of the 
expected changes in coal production over the next 
two decades. The Coal Review provided an updated 
coal production scenario for 2004 and 2020. The coal 
average values of the coal production increase from 
380 million tons/year in 2004 to 580 million 
tons/year in 2020. This ratio (1.53) was applied to 
coal development in Wyoming and Montana from the 
base year to the ADY.  

Conventional Oil & Gas Sources 
For conventional oil and gas sources, the baseline 
year data (2004) was used to establish the baseline 
emissions. The number of operating wells and the 
number of conventional oil and gas production levels 
for the base year and for the ADY were obtained 
from available data (MBOGC 2006). Emissions 
estimates include both operating wells and well 
construction as indicated in the Table 2-3. The 
emission factors shown in Table 2-3 were developed 
from a combination of data sources, and the factors 
represent the emissions in ton/year that would be 
emitted by either well construction or well operation. 
For the ADY, the total number of wells, including 
operation and construction are also indicated. The 
table shows the dramatic increase in the number of 
operating wells, but a slight reduction in the number 
of wells being constructed. Overall, emissions of 
NOX from this source group would decline about 109 
ton/year from the base year to the ADY. Emissions of 
PM10 would increase slightly and emissions of SO2 
would decrease slightly from the base year.  

To conduct the modeling effort, the locations of the 
emissions sources were assigned to five separate 
point sources within each of the indicated counties. 
No specific site location data were available, and 
therefore this approach represented a suitable 
approximation for the modeling effort. 

 

Power Plant Sources 
For coal-fired power plants, the projected ADY 
emission rates for power plants that were not 
operational in 2004 but are expected to be operational 
in the ADY were derived from the actual power plant 
permit applications or the power plant permits from 
the specified facility. This should allow for a 
conservative estimate since the permitted emission 
rates will be the allowable emission rates, and actual 
emission rates from these new power plants could be 
less than the allowable emissions but cannot be 
higher. Where stack parameters were available, those 
data were used for input into the modeling. Emissions 
of NOx, SO2, and PM10 from the power plant permits 
were determined from expected levels of best 
available control technology (BACT) that would be 
applied to those sources. If a coal-fired plant permit 
application or permit was not obtainable, emissions 
from a coal-fired plant of the equivalent size was 
used to estimate emissions. The coal-fired power 
plants for which emissions were estimated for the 
ADY include the following: 

• WYGEN2 
• Two Elk Unit 1  
• Basin Electric / Gillette 
• Hardin Generating Station 
• Roundup Power Plant  
• Great Falls Power Plant  

These coal-fired power plants are included as 
individual sources, in addition to the existing coal-
fired facilities which were also analyzed. For existing 
coal-fired power plant sources that were operational 
in 2004, to account for a possible increase in capacity 
between the baseline year to ADY, a scaling factor 
was used to increase the capacity of these sources 
from 88% capacity factor in 2004 to a 90% capacity 
factor in the ADY. 
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Table 2-2 

Summary of Total Emissions by Watershed  
Year 20 of Development  

 

Alternative E 

Watersheds 

Operational 
Wells 

Construction 
Wells 

NOx 
Emissions 

(Tons) 

PM10 
Emissions 

(Tons) 

SO2 
Emissions 

(Tons) 

VOC 
Emissions 

(Tons) 
Upper Tongue 5024 0 1930 424 37 2141 
Lower Tongue  4503 0 1730 380 33 1919 
Middle Powder  2741 0 1053 231 20 1168 
Little Powder  261 0 100 22 2 111 
Rosebud 4698 0 1805 396 35 2003 
Mizpah 163 0 63 14 1 70 
Clarks Fork Yellowstone  587 0 226 50 4 250 
Lower Yellowstone Sunday 2219 0 852 187 16 946 
Upper Yellowstone Lake B 1045 93 490 121 14 453 
Little Bighorn 881 100 433 110 13 384 
Lower Bighorn 1043 121 516 131 15 455 
Middle Musselshell  131 9 59 14 2 57 
Upper Yellowstone Pompeys 262 35 133 34 4 114 
Stillwater 131 23 72 19 2 57 
Upper Musselshell  98 13 50 13 2 43 
TOTAL  23787 394 9511 2145 201 10170 
       
Alternative F 

Watersheds 

Operational 
Wells 

Construction 
Wells 

NOx 
Emissions 

(Tons) 

PM10 
Emissions 

(Tons) 

SO2 
Emissions 

(Tons) 

VOC 
Emissions 

(Tons) 
Upper Tongue 5024 0 1930 424 37 2141 
Lower Tongue  4440 139 1838 424 42 1904 
Middle Powder  2638 122 1129 266 27 1134 
Little Powder  261 0 100 22 2 111 
Rosebud 4515 198 1923 451 46 1941 
Mizpah 164 0 63 14 1 70 
Clarks Fork Yellowstone  653 0 251 55 5 278 
Lower Yellowstone Sunday 1565 49 648 149 15 671 
Upper Yellowstone Lake B 687 57 318 78 9 298 
Little Bighorn 582 20 242 56 6 250 
Lower Bighorn 663 35 288 68 7 286 
Middle Musselshell  89 3 37 9 1 38 
Upper Yellowstone Pompeys 173 12 77 19 2 75 
Stillwater 85 6 38 9 1 37 
Upper Musselshell  63 4 28 7 1 27 
TOTAL  21602 645 8911 2050 201 9260 
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Table 2-2 (Continued) 
Alternative H 

Watersheds 

Operational 
Wells 

Construction 
Wells 

NOx 
Emissions 

(Tons) 

PM10 
Emissions 

(Tons) 

SO2 
Emissions 

(Tons) 

VOC 
Emissions 

(Tons) 
Upper Tongue 5024 0 1930 424 37 2142 
Lower Tongue  4502 0 1730 380 33 1919 
Middle Powder  2741 0 1053 231 20 1168 
Little Powder  261 0 100 22 2 111 
Rosebud 4263 322 1944 474 52 1843 
Mizpah 164 0 63 14 1 70 
Clarks Fork 
Yellowstone  587 0 226 50 4 250 
Lower Yellowstone 
Sunday 2219 0 852 187 16 946 
Upper Yellowstone 
Lake B 841 303 611 179 26 383 
Little Bighorn 882 0 339 74 7 376 
Lower Bighorn 1044 0 401 88 8 445 
Middle Musselshell  86 100 128 43 7 45 
Upper Yellowstone 
Pompeys 163 218 270 91 15 87 
Stillwater 131 0 50 11 1 56 
Upper Musselshell  99 0 38 8 1 42 
TOTAL  23007 943 9734 2275 231 9882 
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Table 2-3 
Base Year 2004 and Alternative Production Year (Year 20) Emissions  

Montana Conventional Oil and Gas Operation and Construction  
 

Base 
Year County 

Wells 
Oper 

Wells 
Const 

NOx Emissions 
Oper (Tons) 

NOx 
Emissions 

Const (Tons) 

PM10 
Emissions 

Oper (Tons) 

PM10 
Emissions 

Const 
(Tons) 

SO2 
Emissions 

Oper (Tons) 

SO2 
Emissions 

Const 
(Tons) 

2004 Big Horn 46 2 1.22 18.99 0.99 1.67 0.09 2.34 
2004 Carbon 99 7 2.62 66.47 2.14 5.85 0.19 8.20 
2004 Custer 4 0 0.11 0.00 0.09 0.00 0.01 0.00 
2004 Golden Valley 2 0 0.05 0.00 0.04 0.00 0.00 0.00 
2004 Musselshell 74 20 1.96 189.90 1.60 16.70 0.14 23.42 
2004 Powder River 57 5 1.51 47.48 1.23 4.18 0.11 5.86 
2004 Rosebud 96 10 2.54 94.95 2.07 8.35 0.19 11.71 
2004 Stillwater 16 9 0.42 85.46 0.35 7.52 0.03 10.54 
2004 Sweetgrass 5 3 0.13 28.49 0.11 2.51 0.01 3.51 
2004 Yellowstone 28 5 0.74 47.48 0.60 4.18 0.05 5.86 
2004 Carter 0 12 0.00 113.94 0.00 10.02 0.00 14.05 
2004 Wheatland 0 0 0.00 0.00 0.00 0.00 0.00 0.00 
2004 Treasure 0 0 0.00 0.00 0.00 0.00 0.00 0.00 

 TOTAL  427 73 11.30 693.15 9.21 60.96 0.82 85.49 
          
ADY1 Emission Factors  0.0264573 9.4951754 0.0215694 0.8350877 0.0019282 1.1710526 
          20 Big Horn 230 6 6.08 60.64 4.96 5.33 0.44 7.48 

20 Carbon 230 6 6.08 60.64 4.96 5.33 0.44 7.48 
20 Carter 115 3 3.04 30.32 2.48 2.67 0.22 3.74 
20 Custer 69 2 1.82 18.19 1.49 1.60 0.13 2.24 
20 Golden Valley 34 1 0.91 9.10 0.74 0.80 0.07 1.12 
20 Musselshell 402 11 10.65 106.12 8.68 9.33 0.78 13.09 
20 Powder River 345 10 9.12 90.96 7.44 8.00 0.67 11.22 
20 Rosebud 345 10 9.12 90.96 7.44 8.00 0.67 11.22 
20 Stillwater 115 3 3.04 30.32 2.48 2.67 0.22 3.74 
20 Sweetgrass 23 1 0.61 6.06 0.50 0.53 0.04 0.75 
20 Treasure 11 0 0.30 3.03 0.25 0.27 0.02 0.37 
20 Wheatland 17 0 0.46 4.55 0.37 0.40 0.03 0.56 
20 Yellowstone 115 3 3.04 30.32 2.48 2.67 0.22 3.74 

 TOTAL  2052 57 54.29 541.23 44.26 47.60 3.96 66.75 
           NET CHANGE  1625 -16 42.99 -151.92 35.05 -13.36 3.13 -18.74 
1 – ADY – Alternative Development Year 
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Other Major Sources 
This analysis included emissions from other major 
sources in both Montana and Wyoming as wells as 
nearby states, which are located within the modeling 
domain as presented above. Each regulatory agency 
in Idaho, Utah, Nebraska, South Dakota, and North 
Dakota were contacted to obtain emissions data for 
sources with major operating permits (as required 
under Title V of the Clean Air Act Amendments of 
1990). Locations and stack parameters were taken 
from available source data. Emissions data for 2004 
were used for most cases, but for some instances, the 
potential emissions were used. In addition for some 
sources with multiple emission sources, the total 
source emissions were characterized as a single point 
for the whole facility. These sources were all over 
400 km from the near-field grids in Montana and 
Wyoming, and such characterizations would not 
affect the potential impacts at these distant receptors.  

The other sources included all the sources in the 
domain that were identified by the Environmental 
Defense Fund in its comments on the Montana 
Statewide Oil and Gas EIS.  

As a convenience in interpreting the modeling, 
source potential impacts were grouped in several 
components, including all Montana sources, all 
Wyoming sources, railroad data, etc. In addition the 
Tongue River Railroad projected emissions were 
included. Emissions were developed for points along 
the segments of the railroad, with emission rates per 
mile developed from the Tongue River Railroad EIS.  

For these other sources there was no adjustment to 
the emission rates from the baseline year to the 
alternative development year (ADY). The modeled 
location for the projections did not change from the 
baseline modeling for any sources except for the 
CBNG development, conventional oil and gas 
development and new power plants.  

Ambient Air Quality During the 
Base Year  
Ambient air quality conditions in Montana for 2004 
were generally very good. Reported data as provided 
on the USEPA AIRS data base 
(www.epa.gov/air/data/reports.html) for 2004 were 
downloaded and are summarized for each pollutant 
below.  

PM10
A total of 40 separate PM10 monitors were installed 
and operated in Montana in 2004. The applicable 
standards are 150 µg/m3 for the second-highest 24-
hour level and 50 µg/m3 for the annual average.  

In Big Horn County 8 separate monitors operated, 
with the highest second-highest 24-hour PM10 level 
of 82 µg/m3 at Decker Coal #1 and the highest annual 
level of 25 µg/m3 at Decker Coal #7. For background 
concentrations, the 4th highest 24-hour level was 28 
µg/m3 at Decker Coal #5 and the lowest annual 
average was 14 µg/m3 at two sites.  

In Rosebud County, one station operated at Lame 
Deer (intersection of Highways 212 and 39). The 
second highest 24-hour PM10 level was 48 µg/m3, 
with an annual average of 22 µg/m3.  

In Yellowstone County (Billings) there were two 
operating PM10 monitoring sites. At these two sites, 
second highest 24-hour monitored level was 38 
µg/m3 and the annual averages were 16 and 21 µg/m3 
respectively.  

PM2.5
A total of 21 separate PM2.5 monitoring sites were 
installed and operating in 2004, with two at Lame 
Deer and one in Billings (in the study area). The 24-
hour standard is met by evaluating the 98th percentile 
of the highest concentrations for all the collected 24-
hour samples. At Lame Deer Site 1, there were 114 
observations and the 98th percentile value would be 
the 111th (fourth highest) reading. The fourth-highest 
24-hour PM2.5 level at that site was 16 µg/m3 
compared to a standard of 65 µg/m3 (proposed to be 
35 µg/m3). At the second Lame Deer Site, there were 
25 readings taken, and the second highest reading 
(98th percentile) was 11 µg/m3. In Billings there were 
116 observations, and the fourth-highest 24-hour 
reading was 19 µg/m3. The annual average PM2.5 
levels were 5.8 and 5.9 µg/m3 at the two Lame Deer 
sites, and 8.2 µg/m3 in Billings, versus an annual 
arithmetic average standard of 15 µg/m3.  

NO2  
NO2 was measured at three sites in Montana in 2004, 
with all three sites in Rosebud County. The Montana 
1-hour standards (not to be exceeded more than once 
per year) is 0.5 ppm, and the actual readings were 
0.027, 0.027, and 0.029 ppm at the three sites. The 
Montana and federal ambient standard is 0.053 ppm 
and the measurements for annual average at all three 
Rosebud County sites was 0.003 ppm. Ambient 
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levels are well below the applicable standards. The 
annual average reading is about 6 percent of the 
annual standard.  

SO2
A total of 13 SO2 monitoring stations operated in 
Montana in 2004. Three were in Rosebud County and 
nine were in Yellowstone County. The Yellowstone 
observations are not discussed here, because they 
reflect impacts of nearby major SO2 sources 
(although all readings are below applicable ambient 
standards). In Rosebud County, the highest second-

highest 1-hour SO2 readings are 0.007, 0.013, and 
0.016 ppm respectively, against a Montana-only 1-
hour standard of 0.5 ppm. The highest second-highest 
3-hour values are 0.003, 0.006 and 0.007 ppm 
respectively compared to a standard of 0.5 ppm. The 
highest second-highest 24-hour averages are 0.002, 
0.003, and 0.004 ppm respectively, compared to an 
ambient standard of 0.14 ppm. For the annual 
average, all Rosebud measurements are 0.001 ppm, 
compared to an annual average standard of 0.03 ppm. 
Results show that for the Rosebud County area, the 
actual levels are about 3 percent of the standards or 
less. Current SO2 conditions in the study area are 
very clean.  
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3.0 MODELED RESULTS 
FOR BASE YEAR AND 
ALTERNATIVE 
DEVELOPMENT 
SCENARIOS 
Using the model and source groups discussed in 
Chapter 2, the modeling effort evaluated the three 
meteorological years (2001, 2002, and 2003) by 
modeling potential impacts of each of the source 
groups for the base year (2004). Potential impacts 
from the base year study showed that maximum 
potential impacts occurred with the 2002 
meteorological data. Further analyses for the three 
development alternatives then used the 2002 
meteorological data only for assessing potential 
impacts.  

A summary of the key findings for each of the air 
quality components is provided in Table 3-1. The 
detailed analysis for each of the components is 
provided in this Chapter. In general the results of this 
modeling study are consistent with the findings of the 
Coal Review and the Oil and Gas EIS.  

Impacts on Ambient Air Quality  
Using the receptor grids identified in Chapter 2 along 
with the source groupings, the model was used to 
predict the potential impacts at each receptor point in 
the receptor grid. For this analysis, the results are 

provided for the maximum receptor in each group, 
which may not be the same receptor in each of the 
modeling scenarios. Potential impacts may occur at 
different receptors for each of the modeling 
scenarios, but those changes in maximum receptor 
are not identified in these results.  

The analysis does not separate the sources into PSD 
increment-consuming and non PSD increment 
consuming sources. Therefore the results cannot be 
used to develop a pattern of increment consumption 
for a particular site. The PSD comparisons are for 
disclosure of potential impacts and identification of 
potential areas of concern only and do not constitute 
a regulatory PSD increment consumption analysis, 
which may be required for specific projects by air 
permitting authorities.  

The model results are also limited by certain 
assumptions regarding sources and receptors. The 
source characterizations are based on available data, 
and do not represent specific stacks or sources of 
fugitive emissions. The modeling sources are 
generally provided by area or volume, to represent 
multiple sources within each specified unit. The 
specific fence lines or exclusion areas around a 
modeled source are also not specifically identified in 
this study. The results cannot, therefore, be 
interpreted as evaluating maximum potential impacts 
that might occur at the boundary or fence line of a 
specific source. The receptors in the near-field grid in 
both states were removed from modeling if their 
location was within 1 km of any source. 

 

 
 

Table 3-1 
Summary of Modeled Air Quality Impacts 

Air Quality Component 
Alternate Development Year  Impacts  
(includes modeled base year emissions) 

Concentrations  Criteria Below NAAQS and state AAQS, except near-field 
PM10  

 HAPs Less than RELs and RfCs, except for benzene 
Visibility  Far-field Class I areas have greater than 200 days with 

greater than 1 dv, maximum impacts not affected 
by scenarios E, F and H.  

Atmospheric Deposition Sulfur LOC Below 5 kg/hectare-year 
Atmospheric Deposition Nitrogen  LOC Below 3 kg/hectare-year 
Atmospheric Deposition Lake Chemistry ANC Development raises impacts above LAC for two 

lakes.  
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Impacts at Near-field Receptors in 
Montana  
Results are provided for the near-field receptor grid 
for Montana in Figure 3-1. The figure shows the 
potential impacts at the maximum receptor for each 
modeling scenario: the base year, and the maximum 
potential impact for each of the alternative scenarios. 
The potential impacts on that receptor group are 
depicted for all sources and the potential impacts that 
result from the individual source groups are identified 
in Figure 3-1. Data are provided for each ambient 
standard and PSD increment for NOx, SO2 and PM10. 
Data Set-up Tables for air quality impacts at all 
receptor groups which were used to generate Figures 
3-1 through 3-9 are provided in Appendix E. In this 
presentation, the impact from one source group 
would not likely be at the same receptor as that of the 
other source group; therefore the results for each 
group are not arithmetically additive to obtain an 
overall impact.  

The results show a predicted impact from the Tongue 
River Railroad emissions for the 1-hour Montana 
NO2 standard, about 50 percent of that standard. This 
result may be due partially to the relationship 
between the source characterization and the receptor 
grid. The Tongue River Railroad is presumed to 
operate in the ADY.  

The potential impacts from all sources on the near-
field receptor grid do increase over the base year, but 
overall the NOx emissions from the alternatives show 
a higher impact for Alternative E than for the other 
alternatives for the one-hour standard. When 
evaluating the potential impacts of the alternatives 
alone, the emissions do not lead to substantial 
differences among them for the annual or 1-hour NO2 
potential impacts. This discrepancy can be explained 
by the areal distribution of potential impacts, which 
for Alternative E would include areas already 
impacted by existing sources.  

For the annual NO2 potential impacts in Montana the 
Tongue River Railroad and the CBNG operation play 
the major role, but are clearly well below the 
NAAQS and even the comparative PSD annual NO2 
increment. These data are provided for comparison 
only and do not represent a regulatory PSD 
Increment Consumption Analysis. 

Figure 3-1 also provides results for PM10, PM2.5 and 
SO2. The results show a relatively high impact from 
the Tongue River Railroad and from MT CBNG 
operations but all potential impacts are well below 
any standards. The NO2 potential impacts would be 

the major concern regarding the development of the 
alternatives, on the Montana near-field grid.  

Impacts at Near-field Receptors in 
Wyoming  
Results for the Wyoming near-field receptors are 
provided in Figure 3-2. In Wyoming the coal 
operations led to modeled impacts on PM10 levels 
that are above the NAAQS for the 24-hour period 
(150 µg/m3), for the base year as well as for ADY. 
The modeled impacts are nearly double the standard 
for the base year scenario. The remaining data show 
that potential impacts are well below the ambient air 
quality standards. The Wyoming coal operations are 
largely responsible for the predicted impacts for all 
scenarios, although non-coal sources do contribute a 
notable portion of the impact.  

The potential impacts of NO2 are generally about 40 
percent of the annual standard, with no real 
difference for the alternatives analyzed in the ADY. 
The coal sources are the largest contributor to the 
maximum NO2 potential impacts, however, CBNG 
and non-coal sources also have contributions. 
Potential impacts of NO2 are above the Class II PSD 
increment at the maximum receptors in Wyoming.  

The potential impacts of SO2 emissions are well 
below the ambient standards and PSD increments for 
all scenarios. The potential impacts from power 
plants do, however, show substantial increases in 
impacts at the maximum power plant receptor. Those 
potential impacts are, however, still well below the 
ambient standards and PSD increments. These data 
are provided for comparison only and do not 
represent a regulatory PSD Increment Consumption 
Analysis. 

Air Quality Impacts at Class I Area 
Receptors  
As discussed in Chapter 2, the potential impacts at 
Class I areas were also modeled, with separate 
assessments for each Class I receptor group. The 
Class I area with the highest potential impacts was 
the Northern Cheyenne Indian Reservation in 
Montana. Those results are provided in Figure 3-3. 
The potential impacts are all well below the ambient 
standards, and also are less than the respective PSD 
increments.  

Data for two other Class I areas are also presented 
(the Theodore Roosevelt National Park in Figure 3-4 
and the Wind Cave National Park in Figure 3-5) as 
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these two Class I areas represent the closest Class I 
areas east of the development area, and should 
provide a representative depiction of potential 
impacts at the Class I areas in western North Dakota 
and western South Dakota. For all areas, all potential 
impacts are well below the ambient standards, and 
are also well below the PSD increments for all 
pollutants modeled. It is also important to note that 
the comparative impacts for the ADY show little 
differentiation in potential impacts among the 
alternatives. The base year 24-hour PM10 impact at 
Theodore Roosevelt was 5.2 µg/m3, and the impact at 
Wind Cave was 6.4 µg/m3, against a Class I PSD 
increment of 8 µg/m3. These data are provided for 
comparison only and do not represent a regulatory 
PSD Increment Consumption Analysis.  

Air Quality Impacts at Sensitive 
Class II Area Receptors  
Potential impacts at the Crow Indian Reservation are 
higher than potential impacts at the other identified 
Class II area receptor groups for all scenarios. Figure 
3-6 provides a depiction of results similar to those 
provided above. For this receptor group, modeled 
impacts are all well below the ambient standards and 
they are below the established Class II PSD 
increments, except for potential impacts on the 24-
hour PM10 levels. Again, there is little difference in 
impact among the proposed alternative development 
scenarios.  

The other nearby Class II receptor group is the Cloud 
Peak Wilderness Area in north Central Wyoming, 
just west of the PRB. Results for this receptor group 
are shown in Figure 3-7. All potential impacts are 
well below applicable standards for all scenarios, and 
potential impacts are less than the Class II PSD 
increments for all scenarios. The 24-hour PM10 
potential impacts reach 5 µg/m3 for the base year, but 
this is less than the comparable PSD increment of 30 
µg/m3. The greatest percentage increases arise from 
coal and power plant operations, but these increases 
still do not exceed ambient standards or PSD 
increments. Data is also presented for the Bighorn 
Canyon National Recreation Area (Figure 3-8) and 
the Wind River Indian Reservation (Figure (3-9). For 
both of these Class II areas, potential impacts are 
well below applicable standards for all scenarios, and 
potential impacts are less than the Class II PSD 
increments for all scenarios. These data are provided 
for comparison only and do not represent a regulatory 
PSD Increment Consumption Analysis. 

Impacts on Visibility  
Under the Clean Air Act, visibility has been 
established as a critical resource for identified Class I 
areas. The study provides an analysis of potential 
impacts at the Class I areas and at sensitive Class II 
areas in the region. Under the guidance of the Federal 
Land Managers Air Quality Workgroup (FLAG), the 
potential impacts were provided using the CALPUFF 
modeling system and the Method 6 approach, which 
uses monthly relative humidity values for 
representative receptor groups.  

Visibility potential impacts are based on the highest 
24-hour calculated extinction at the indicated source 
receptors. Potential impacts are based on a presumed 
pristine background and calculated as a percent 
increase in extinction (reduced visibility) from that 
background value. The study tabulated the reduced 
visibility at the maximum impact receptor in each of 
the Class I and Class II groups in terms of the 
maximum reduction on any one 24-hour period, the 
number of days annually that showed visibility 
reductions of 5 percent and 10 percent. These 
reductions are indicated as reductions in deciviews 
(0.5 and 1 deciview respectively). A significance 
threshold of 10 percent has been used in this analysis 
to evaluate the impact from the source groups.  

Table 3-2 provides a listing of potential visibility 
impacts for the base year for each of the analyzed 
areas with source contributions provided for all 
sources combined, all Montana sources, the listed 
CBNG operation and construction potential impacts, 
and potential impacts from Montana oil and gas 
operations. More detailed data for contributions from 
other source groups are provided in Appendix C. For 
the Class I areas, the maximum potential impacts 
were determined at the North Cheyenne Indian 
Reservation, the Wind Cave National Park, and the 
Badlands National Park in South Dakota. Both of the 
South Dakota areas are downwind (prevailing wind 
direction from the west) from the PRB and the 
sources analyzed in this study. In the base year, 
model results showed more than 200 days of 
potential impacts with a change of 10 percent or more 
in extinction at each of these locations. All Class I 
areas showed some impact with no fewer than 21 
days of impact greater than 1 deciview. 

For the Class II areas, the maximum potential 
impacts were at the Crow Indian Reservation in 
Montana. Nine other Class II areas showed potential 
impacts of 1 deciview or more for 200 days or more 
per year, and these areas also were east (downwind in 
the prevailing wind direction) of the PRB. The results 
showed that there was at least some impact on each 
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of the receptor groups from each of the source 
groups. Coal operations dominated the potential 
impacts at the Class II areas, and the potential 
impacts on the Class I areas were noted for all the 
source groups.  

The results also show that the Montana Oil and Gas 
operations and construction do not play a significant 
role in potential visibility impacts at either Class I or 
sensitive Class II areas. For the base year there are 
only a few days with visibility potential impacts 
above 5 deciviews at the Crow Indian Reservation 
and at the Northern Cheyenne Indian Reservation. 

Table 3-3 provides a depiction of the potential 
impacts of all sources for each of the proposed 
alternatives. Data are provided for all receptor areas 
for all sources for each of the alternatives. For most 
areas, there is no change in impact among the 
alternatives. For example, at the areas with high 
potential impacts (Badlands and Theodore Roosevelt 
National Parks) there is no overall difference among 
the alternatives. At the Northern Cheyenne Indian 
Reservation, there is a change of 3 and 8 days 
respectively (for all sources combined) when 
comparing the potential impacts of Alternative E to 
Alternatives F and Alternative H respectively. At the 
Crow Indian Reservation, a maximum of 365 days 
per year are impacted for all scenarios. When 
examining the visibility potential impacts of all 
Montana sources for each alternative, there is only a 
change of one or two days of impact above 1.0 
deciviews when comparing the potential impacts of 
these alternatives. The Northern Cheyenne Indian 
Reservation would see a slight increase in the number 
of days with potential impacts above 1.0 deciviews 
(from Alternative E through Alternative H), and the 
Crow Indian Reservation would continue to see 365 
days/year impacted by a 1.0 deciview level. Method 
2 visibility impact data are provided in detail in 
Appendix D. 

Impacts on Acid Deposition  
Emissions of NOX and SO2 can lead to increasing 
potential impacts of acidic deposition in the region. 
This analysis evaluates the potential increase in acid 
deposition as a result of the increased production 
activity noted above. The base year analysis showed 
that potential impacts for all listed Class I and Class 
II areas were below the established thresholds for 
sulfur and nitrogen deposition, which are 5 kilograms 
per hectare per year (kg/ha-yr) for sulfur compounds 
and 3 kg/ha-yr for nitrogen compounds. Table 3-3 
provides a summary of base year deposition levels at 
the sensitive receptor areas. The highest modeled 

impacts are at the Northern Cheyenne Indian 
Reservation with nitrogen deposition reaching 0.292 
kg/ha-yr, or about 10 percent of the threshold. 
Maximum sulfur deposition is approximately 0.39 
kg/ha-yr at the Northern Cheyenne Indian 
Reservation, or about 8 percent of the threshold. The 
table also shows that the contributions from base year 
CBNG and Montana oil and gas operations and 
construction are minimal at any of the receptor areas.  

Additional data are provided for other source groups 
in the Air Quality Appendix of the Draft SEIS. 
Relatively higher deposition rates were noted to the 
east of the PRB, as a result of the prevailing wind 
direction in the region. For all receptors and for both 
sulfur and nitrogen compounds, the combined 
deposition rates do not exceed the thresholds given in 
these tables.  

For the ADY, potential impacts on acid deposition 
were calculated for each alternative. Table 3-4 
provides a summary listing of potential impacts for 
each alternative, for all source groups combined. The 
results show that potential impacts are slightly higher 
than in the base year, but all potential impacts remain 
well below the deposition threshold. Potential 
impacts continue to be highest at the Northern 
Cheyenne Indian Reservation, with little difference 
among the alternatives. Total nitrogen potential 
impacts approach 2 kg/hectare-year, or about two-
thirds of the threshold value. Sulfur deposition 
potential impacts also show little difference among 
the scenarios, and they approach approximately 10 
percent of the threshold value.  

Impacts on Sensitive Lake Acid 
Neutralizing Capacity  
The analysis of potential impacts of deposition of 
acidic substances was carried out in accordance with 
the screening methodology as provided by the US 
Forest Service (USFS 2000). Data for lake 
neutralizing capacity were obtained from the USFS 
web site, which provides data for the 10 percent ANC 
values for the individual lakes that were evaluated. 
The threshold is intended to account for sensitive 
conditions that may occur with an episodic or 
seasonal basis. Input data to the analysis include the 
deposition rates that were modeled for the base year, 
and the development scenarios analyzed herein.  

The input data are provided in Table 3-5 for the 
analyzed lakes. Results are provided for the base year 
analysis as well as the predicted development 
scenarios. The threshold for significance is based on 
a 10 percent change in ANC for lakes with an ANC 
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of 25 micro equivalents per liter (ueq/L) and a 1 
ueq/L threshold change for lakes with an ANC value 
of less than 25 ueq/L.  

Data on the modeled potential impacts for the lakes 
analyzed is provided in Table 3-6. All lakes except 
the Upper Frozen Lake in the Bridger WA have 10 
percent ANC values of 25 ueq/L or more, and 
therefore Upper Frozen Lake is discussed separately 
below. For the other lakes the modeled percent ANC 
change is 10 percent or less at all lakes except 
Florence Lake. For that lake, the analyzed base year 
impact is 11.7 percent and the predicted impact for 
the ADY is 12.9 percent for all alternative 
development scenarios. There is no difference among 
the scenarios for potential impacts on these pristine 
lakes.  

At Upper Frozen Lake, the base year impact was 2.4 
ueq/L, which is more than the threshold value of 1 
ueq/L threshold that is established for such lakes. The 
modeled results for each of the development 
scenarios show an impact of 2.6 ueq/L for Upper 
Frozen Lake, a change of only 0.2 ueq/L for that lake. 
The results show a minimal impact, and no difference 
in impact, among the alternatives considered for this 
evaluation.  

Analysis of Hazardous Air 
Pollutant Impacts  
The modeling study also addressed HAP potential 
impacts from sources in the study area. Since the 
potential impacts were greatest in the near-field 
receptor grids of both states, only those areas were 
analyzed for HAP potential impacts. The model was 
used to develop both 1-hour and annual potential 
impacts for these emissions. Results of the 1-hour 
modeled impacts for these modeling efforts were 
compared to the RELs (USEPA 2005). Table 3-6  

provides an analysis of the short term potential 
impacts for the six analyzed compounds (benzene, 
ethyl benzene, formaldehyde, n-hexane, toluene, and 
xylene) compared to the RELs. Results show that all 
potential impacts are below the RELs except for 
formaldehyde in the Wyoming near-field receptor 
grid. Potential impacts are about 70 percent greater 
than the established REL for formaldehyde.  

The potential impacts for chronic and carcinogenic 
risks are provided in Table 3-7 for the Montana and 
Wyoming near-field receptor grids. All potential 
impacts are well below the non-carcinogenic RfCs, 
with the maximum comparative impact for 
formaldehyde at the Wyoming near-field receptors, 
where those potential impacts are about 66 percent of 
the established RfC. The potential impacts for 
carcinogenic risk are also provided in Table 3-8. All 
potential impacts are well below the 1 in 1 million 
risk, except for benzene potential impacts in 
Wyoming, where the potential impacts are about 1.0 
to 1.3 X 10-5 for the various scenarios. This impact is 
evident in the base year as well as each of the 
development scenarios.  

Air Quality Modeling Results Maps 
for 1-hour NO2 and 24-hour PM10 
for Montana Near Field and Far 
Field Receptors 
 
Maps F-1 through F-26 are representations of impacts  
predicted by the air quality model for 1-hour NO2 and 
24-hour PM10 for the Montana near field and far field 
receptors. The maps include base year impacts and 
impacts predicted for Alternatives E, F, and H for the 
Montana CBNG source group (Construction + 
Operation) and the source group containing all of the 
modeled sources. The maps can be viewed in 
Appendix F. 
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ALL SOURCES ALL  MT MT CBM  Construction MT CBM  Operation MT OIL & GAS

Number of 
Days > N% 
Change in 

B ext

Number of 
Days > N% 
Change in 

B ext

Number of 
Days > N% 
Change in 

B ext

Number of 
Days > N% 
Change in 

B ext

Number of 
Days > N% 
Change in 

B ext

5% 10% 5% 10% 5% 10% 5% 10% 5% 10%

CLASS I AREAS

Badlands NP Class I 272 206 219 118 53 20 25 14 0 0 0.1 0.1 0 0 0.1 0.1 0 0 0.7 0.5
Bob Marshall W Class I 28 21 48 30 20 10 34 17 0 0 0.0 0.0 0 0 0.0 0.0 0 0 0.2 0.1
Bridger W Class I 230 152 437 156 38 19 40 18 0 0 0.2 0.0 0 0 0.2 0.1 0 0 0.9 0.2
Fitzpatrick W Class I 157 105 291 129 35 17 58 23 0 0 0.1 0.0 0 0 0.2 0.1 0 0 0.8 0.2
Fort Peck IR Class I 120 79 168 77 55 25 26 17 0 0 0.1 0.0 0 0 0.2 0.1 0 0 2.9 1.0
Gates of the Mountain W Class I 85 52 113 52 66 39 60 34 0 0 0.0 0.0 0 0 0.0 0.0 0 0 0.4 0.2
Grand Teton NP Class I 163 90 180 71 45 19 31 13 0 0 0.1 0.0 0 0 0.1 0.0 0 0 0.5 0.1
North Absaorka W Class I 149 85 229 110 90 41 66 37 0 0 0.2 0.0 0 0 0.3 0.1 0 0 1.1 0.5
North Cheyenne IR Class I 299 234 313 122 192 97 79 33 1 0 6.8 2.2 2 0 9.5 3.1 0 0 2.5 1.3
Red Rock Lakes Class I 96 48 87 49 49 20 41 16 0 0 0.0 0.0 0 0 0.1 0.0 0 0 0.4 0.1
Scapegoat W Class I 47 29 78 48 36 20 52 37 0 0 0.0 0.0 0 0 0.0 0.0 0 0 0.3 0.1
Teton W Class I 149 87 247 108 53 21 64 23 0 0 0.1 0.0 0 0 0.2 0.0 0 0 0.7 0.2
Theodore Roosevelt NP Class I 213 153 356 131 74 33 57 26 0 0 0.2 0.1 0 0 0.3 0.1 0 0 4.6 1.3
UL Bend W Class I 125 62 140 48 79 27 43 21 0 0 0.1 0.0 0 0 0.1 0.0 0 0 0.5 0.4
Washakie W Class I 169 110 335 144 75 38 85 43 0 0 0.2 0.0 0 0 0.3 0.1 0 0 1.1 0.4
Wind Cave NP Class I 320 247 265 147 69 22 24 16 0 0 0.2 0.1 0 0 0.2 0.1 0 0 2.0 0.8
Yellowstone NP Class I 188 102 207 91 102 45 64 30 0 0 0.2 0.0 0 0 0.2 0.0 0 0 1.1 0.2

SENSITIVE CLASS II AREAS

Absaorka Beartooth W Class II 201 131 266 109 170 100 135 45 0 0 0.4 0.1 0 0 0.6 0.1 0 0 2.1 0.5
Agate Fossil Beds NM Class II 295 225 401 130 54 14 21 14 0 0 0.1 0.1 0 0 0.2 0.1 0 0 1.0 0.3
Big Horn Canyon NRA Class II 356 295 376 154 200 122 143 63 0 0 1.2 0.6 0 0 1.9 0.9 10 2 24.6 5.8
Black Elk W Class II 306 214 252 144 67 23 22 15 0 0 0.1 0.1 0 0 0.2 0.1 0 0 2.3 0.6
Cloud Peak Class II 201 136 232 162 92 44 34 24 0 0 3.1 0.3 0 0 4.5 0.4 0 0 1.8 0.7
Crow IR Class II 365 360 428 266 365 350 401 165 1 0 5.2 2.6 5 0 7.2 3.4 14 2 18.1 6.7
Devils Tower NM Class II 324 260 268 130 82 29 29 17 0 0 0.2 0.1 0 0 0.3 0.2 0 0 2.2 0.9
Fort Belknap IR Class II 100 52 131 45 56 21 44 26 0 0 0.1 0.0 0 0 0.1 0.0 0 0 0.5 0.3
Fort Laramie NHS Class II 288 244 514 145 48 10 21 13 0 0 0.1 0.0 0 0 0.1 0.1 0 0 1.0 0.4
Jedediah Smith W Class II 167 94 172 59 45 22 31 14 0 0 0.0 0.0 0 0 0.1 0.0 0 0 0 0
Jewel Cave NM Class II 309 238 271 140 65 24 22 14 0 0 0.2 0.1 0 0 0.4 0.1 0 0 2 1
Lee Metcalf W Class II 165 107 138 55 140 87 89 40 0 0 0.1 0.0 0 0 0.1 0.0 0 0 1 0
Mt Naomi W Class II 78 51 195 70 4 1 12 3 0 0 0.0 0.0 0 0 0.1 0.0 0 0 0 0
Mt Rushmore Class II 297 202 248 140 61 23 22 15 0 0 0.1 0.1 0 0 0.2 0.1 0 0 2 1
Popo Agie W Class II 207 136 485 166 37 17 38 17 0 0 0.2 0.1 0 0 0.2 0.1 0 0 1 0
Soldier Creek WA Class II 297 240 396 119 59 18 20 15 0 0 0.1 0.1 0 0 0.2 0.1 0 0 1 0
Wellsville Mountain W Class II 62 36 157 54 1 0 8 2 0 0 0.0 0.0 0 0 0.1 0.0 0 0 0 0
Wind River IR Class II 305 235 546 224 97 44 88 39 0 0 3 2 1 0 5 1 0 0 1 0

Receptor Set 8th Highest 
% Change 

in B ext

8th Highest 
% Change 

in B ext

Table 3-2
Visibility - Method 6 and Monthly f(RH) values - Base Year

Maximum 
% Change 

in B ext

Maximum 
% Change 

in B ext

Maximum 
% Change 

in B ext

8th Highest 
% Change 

in B ext

8th Highest 
% Change 

in B ext

8th Highest 
% Change 

in B ext

Maximum 
% Change 

in B ext

Maximum 
% Change 

in B ext
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Number of 
Days > N% 
Change in 

Bext

Number of 
Days > N% 
Change in 

Bext

Number of 
Days > N% 
Change in 

Bext
5% 10% 5% 10% 5% 10%

CLASS I AREAS
Badlands NP Class I 283 219 230 125 283 219 230 125 283 219 230 125
Bob Marshall W Class I 46 28 60 42 46 28 60 42 46 28 60 42
Bridger W Class I 225 146 456 152 225 146 456 152 225 147 456 152
Fitzpatrick W Class I 157 109 318 128 157 109 318 128 157 109 318 128
Fort Peck IR Class I 154 92 169 82 154 91 169 82 154 92 169 82
Gates of the Mountain W Class I 103 69 118 92 103 69 118 91 103 69 118 92
Grand Teton NP Class I 165 92 182 77 165 92 182 76 165 93 182 77
North Absaorka W Class I 161 90 256 129 161 90 255 129 161 90 256 129
North Cheyenne IR Class I 361 325 338 175 362 328 338 178 362 333 339 180
Red Rock Lakes Class I 99 50 94 53 99 50 94 53 99 50 94 53
Scapegoat W Class I 68 48 113 68 68 48 113 68 68 48 113 68
Teton W Class I 154 92 268 120 154 92 267 119 154 92 268 120
Theodore Roosevelt NP Class I 232 172 356 136 232 172 356 136 232 172 356 136
UL Bend W Class I 176 99 154 60 176 97 153 60 176 99 154 60
Washakie W Class I 178 115 368 152 177 115 368 152 178 115 369 152
Wind Cave NP Class I 325 262 275 147 325 262 275 147 325 262 276 147
Yellowstone NP Class I 193 105 226 97 193 105 225 97 193 105 226 97
SENSITIVE CLASS II AREAS
Absaorka Beartooth W Class II 213 137 303 127 213 137 302 126 213 137 303 128
Agate Fossil Beds NM Class II 297 237 399 133 297 237 399 133 297 237 399 134
Big Horn Canyon NRA Class II 356 298 411 185 356 298 409 185 356 298 410 185
Black Elk W Class II 318 233 270 150 318 233 270 150 318 233 270 150
Cloud Peak Class II 216 147 239 177 216 146 239 176 216 147 239 177
Crow IR Class II 365 365 578 259 365 365 577 253 365 365 578 257
Devils Tower NM Class II 328 279 278 135 328 279 278 134 328 279 278 135
Fort Belknap IR Class II 173 92 143 54 172 92 143 54 173 92 143 54
Fort Laramie NHS Class II 296 249 537 151 296 249 537 150 296 249 537 151
Jedediah Smith W Class II 169 96 174 66 169 95 174 66 169 96 174 66
Jewel Cave NM Class II 320 252 293 142 320 252 293 142 320 252 293 142
Lee Metcalf W Class II 175 114 153 62 175 114 152 62 175 114 153 62
Mt Naomi W Class II 80 52 198 70 80 52 198 70 80 52 198 70
Mt Rushmore Class II 312 221 262 147 311 221 262 147 312 221 262 147
Popo Agie W Class II 211 137 502 164 211 137 502 164 211 138 502 165
Soldier Creek WA Class II 299 245 396 126 299 245 396 126 299 245 396 126
Wellsville Mountain W Class II 64 40 161 57 64 40 161 57 64 40 161 57
Wind River IR Class II 310 243 566 214 310 243 565 214 311 243 566 214

Receptor Set

ALL SOURCES - ALT E ALL SOURCES - ALT F ALL SOURCES - ALT H

Maximum 
% Change 

in Bext

8th Highest 
% Change 

in Bext

Maximum 
% Change 

in Bext

8th Highest 
% Change 

in Bext

Maximum 
% Change 

in Bext

8th Highest 
% Change 

in Bext

Visibility - Method 6 and Monthly f(RH) values - Future Alternatives
Table 3-3
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Number of 
Days > N% 
Change in 

Bext

Number of 
Days > N% 
Change in 

Bext

Number of 
Days > N% 
Change in 

Bext
5% 10% 5% 10% 5% 10%

CLASS I AREAS
Badlands NP Class I 0 0 0.2 0.1 0 0 0.4 0.3 0 0 0.5 0.3
Bob Marshall W Class I 0 0 0.1 0.0 0 0 0.1 0.0 0 0 0.3 0.1
Bridger W Class I 0 0 0.3 0.1 0 0 0.5 0.2 0 0 0.6 0.3
Fitzpatrick W Class I 0 0 0.3 0.1 0 0 0.5 0.2 0 0 0.9 0.4
Fort Peck IR Class I 0 0 0.7 0.2 0 0 0.7 0.3 0 0 2.6 0.6
Gates of the Mountain W Class I 0 0 0.4 0.1 0 0 0.3 0.1 0 0 1.4 0.4
Grand Teton NP Class I 0 0 0.2 0.1 0 0 0.3 0.1 0 0 0.4 0.2
North Absaorka W Class I 0 0 0.5 0.3 0 0 1.1 0.4 0 0 1.3 0.8
North Cheyenne IR Class I 0 0 2.4 0.9 50 8 19.1 10.0 122 26 30.8 16.1
Red Rock Lakes Class I 0 0 0.3 0.1 0 0 0.3 0.1 0 0 1.1 0.2
Scapegoat W Class I 0 0 0.2 0.1 0 0 0.2 0.1 0 0 0.7 0.2
Teton W Class I 0 0 0.3 0.1 0 0 0.5 0.1 0 0 0.9 0.3
Theodore Roosevelt NP Class I 0 0 0.8 0.3 0 0 1.1 0.5 0 0 2.1 0.8
UL Bend W Class I 0 0 0.3 0.2 0 0 0.7 0.2 0 0 0.9 0.7
Washakie W Class I 0 0 0.7 0.3 0 0 0.7 0.4 0 0 1.5 0.7
Wind Cave NP Class I 0 0 0.3 0.1 0 0 0.6 0.3 0 0 0.6 0.3
Yellowstone NP Class I 0 0 0.4 0.2 0 0 0.9 0.2 0 0 1.6 0.6
SENSITIVE CLASS II AREAS
Absaorka Beartooth W Class II 0 0 3.6 1.2 0 0 2.0 0.6 0 0 2.5 1.4
Agate Fossil Beds NM Class II 0 0 0.2 0.1 0 0 0.4 0.2 0 0 0.4 0.2
Big Horn Canyon NRA Class II 1 0 8.4 3.4 0 0 3.1 1.4 0 0 2.0 1.0
Black Elk W Class II 0 0 0.3 0.1 0 0 0.3 0.1 0 0 0.3 0.1
Cloud Peak Class II 0 0 1.3 0.4 0 0 2.5 0.6 0 0 2.2 0.5
Crow IR Class II 166 117 110.0 60.7 106 34 31.5 17.4 64 21 29.4 19.5
Devils Tower NM Class II 0 0 0.6 0.2 0 0 0.9 0.5 0 0 0.8 0.4
Fort Belknap IR Class II 0 0 0.3 0.1 0 0 0.6 0.2 0 0 1.0 0.5
Fort Laramie NHS Class II 0 0 0.2 0.1 0 0 0.4 0.2 0 0 0.4 0.2
Jedediah Smith W Class II 0 0 0.1 0.1 0 0 0.3 0.1 0 0 0.3 0.1
Jewel Cave NM Class II 0 0 0.3 0.1 0 0 0.6 0.3 0 0 0.5 0.3
Lee Metcalf W Class II 0 0 0.5 0.2 0 0 0.6 0.2 0 0 1.9 0.6
Mt Naomi W Class II 0 0 0.1 0.0 0 0 0.1 0.0 0 0 0.2 0.0
Mt Rushmore Class II 0 0 0.3 0.1 0 0 0.6 0.3 0 0 0.6 0.3
Popo Agie W Class II 0 0 0.3 0.2 0 0 0.5 0.2 0 0 0.6 0.3
Soldier Creek WA Class II 0 0 0.2 0.1 0 0 0.5 0.2 0 0 0.4 0.3
Wellsville Mountain W Class II 0 0 0.1 0.0 0 0 0.1 0.0 0 0 0.2 0.0
Wind River IR Class II 0 0 0.5 0.3 0 0 0.8 0.4 0 0 1.5 0.7

MT CBM  Construction - ALT H

Maximum % 
Change in 

Bext

8th 
Highest % 
Change in 

Bext

Table 3-3 (continued)
Visibility - Method 6 and Monthly f(RH) values - Future Alternatives

Receptor Set Maximum % 
Change in 

Bext

8th Highest % 
Change in 

Bext

Maximum % 
Change in 

Bext

8th Highest 
% Change in 

Bext

MT CBM  Construction - ALT E MT CBM  Construction -   ALT F

TSD-27 



AIR QUALITY TECHNICAL SUPPORT DOCUMENT 
Modeled Results for Base Year and Alternative Development Scenarios 

TSD-28 
 

Number of 
Days > N% 
Change in 

Bext

Number of 
Days > N% 
Change in 

Bext

Number of 
Days > N% 
Change in 

Bext
5% 10% 5% 10% 5% 10%

CLASS I AREAS CLASS I AREAS
Badlands NP Class I 2 0 6.7 3.9 1 0 6.4 3.7 2 0 6.5 3.7
Bob Marshall W Class I 0 0 1.5 0.5 0 0 1.4 0.4 0 0 1.5 0.5
Bridger W Class I 2 0 8.3 2.7 2 0 7.8 2.4 2 0 8.2 2.6
Fitzpatrick W Class I 2 0 8.9 2.4 2 0 8.2 2.2 2 0 8.7 2.3
Fort Peck IR Class I 7 1 10.2 5.0 6 0 9.4 4.1 6 0 9.9 4.9
Gates of the Mountain W Class I 0 0 4.1 1.1 0 0 3.5 0.9 0 0 3.9 1.0
Grand Teton NP Class I 0 0 4.9 1.2 0 0 4.5 1.1 0 0 4.8 1.2
North Absaorka W Class I 8 3 14.9 5.7 8 3 14.1 5.1 8 3 14.5 5.5
North Cheyenne IR Class I 296 215 130.4 61.8 294 206 125.3 59.0 328 240 118.7 63.5
Red Rock Lakes Class I 0 0 4.1 0.9 0 0 3.9 0.8 0 0 4.1 0.8
Scapegoat W Class I 0 0 2.5 0.8 0 0 2.2 0.7 0 0 2.4 0.8
Teton W Class I 3 0 7.8 2.2 3 0 7.2 2.0 3 0 7.6 2.1
Theodore Roosevelt NP Class I 11 2 15.0 6.8 11 2 13.6 6.2 11 2 14.4 6.6
UL Bend W Class I 6 1 10.2 3.5 6 0 9.6 3.2 6 0 9.9 3.4
Washakie W Class I 10 3 12.0 5.8 8 3 11.1 5.4 9 3 11.7 5.5
Wind Cave NP Class I 8 0 8.4 5.0 6 0 7.8 4.5 7 0 8.3 4.8
Yellowstone NP Class I 5 1 13.2 2.5 3 1 12.3 2.2 4 1 12.9 2.3
SENSITIVE CLASS II AREAS
Absaorka Beartooth W Class II 12 4 33.1 6.5 10 3 31.3 6.0 12 4 32.1 6.2
Agate Fossil Beds NM Class II 1 0 5.3 2.5 0 0 4.9 2.3 1 0 5.2 2.4
Big Horn Canyon NRA Class II 45 24 34.8 17.7 37 18 30.5 14.2 52 27 33.9 18.2
Black Elk W Class II 6 0 8.8 4.7 4 0 8.2 4.4 6 0 8.7 4.5
Cloud Peak Class II 22 9 71.1 10.9 21 8 68.4 10.2 21 9 70.2 10.6
Crow IR Class II 228 131 133.6 54.1 205 115 129.2 46.0 331 257 240.5 128.8
Devils Tower NM Class II 11 2 10.9 6.7 11 1 10.2 6.3 11 1 10.6 6.6
Fort Belknap IR Class II 3 0 8.5 2.9 3 0 7.9 2.5 3 0 8.2 2.9
Fort Laramie NHS Class II 3 0 5.8 2.7 1 0 5.5 2.4 2 0 5.7 2.6
Jedediah Smith W Class II 0 0 3.9 1.3 0 0 3.7 1.2 0 0 3.9 1.3
Jewel Cave NM Class II 6 0 9.4 4.0 6 0 8.7 3.6 6 0 9.2 3.9
Lee Metcalf W Class II 1 0 8.2 1.9 1 0 7.6 1.5 1 0 8.0 1.8
Mt Naomi W Class II 0 0 2.3 0.4 0 0 2.1 0.4 0 0 2.2 0.4
Mt Rushmore Class II 6 0 8.5 4.5 4 0 7.9 4.3 6 0 8.3 4.4
Popo Agie W Class II 4 0 9.1 3.3 3 0 8.5 3.0 4 0 9.0 3.2
Soldier Creek WA Class II 1 0 6.2 3.1 1 0 5.8 2.9 1 0 6.1 3.0
Wellsville Mountain W Class II 0 0 2.1 0.3 0 0 2.0 0.3 0 0 2.1 0.3
Wind River IR Class II 9 4 13.2 6.0 9 3 12.2 5.6 9 4 12.9 5.8

MT CBM  Operation - ALT E

Table 3-3 (continued)
Visibility - Method 6 and Monthly f(RH) values - Future Alternatives

Maximum % 
Change in 

Bext

8th Highest 
% Change in 

Bext

Maximum % 
Change in 

Bext

8th Highest 
% Change in 

Bext

MT CBM  Operation - ALT F MT CBM  Operation - ALT H

Receptor Set Maximum % 
Change in 

Bext

8th Highest 
% Change 

in Bext
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Note: Bold type indicate a modeled impact that is above the Comparative Deposition Value

ALL  
SOURCES

MT CBM 
Construction

MT CBM 
Operation

MT        
Oil & Gas Threshold 

Nitrogen 1.13E-01 2.75E-05 4.49E-05 5.05E-04 3
Sulfur 1.63E-01 5.03E-06 2.37E-06 1.30E-05 5

Nitrogen 1.18E-02 1.57E-06 2.54E-06 4.20E-05 3
Sulfur 1.96E-02 3.22E-07 1.53E-07 1.03E-06 5

Nitrogen 1.17E-01 7.53E-06 1.26E-05 4.67E-05 3
Sulfur 2.09E-01 1.84E-06 8.70E-07 1.10E-06 5

Nitrogen 1.29E-01 7.41E-06 1.23E-05 6.05E-05 3
Sulfur 1.72E-01 1.58E-06 7.51E-07 1.37E-06 5

Nitrogen 7.10E-02 1.52E-05 2.49E-05 6.00E-03 3
Sulfur 1.33E-01 2.36E-06 1.12E-06 2.31E-05 5

Nitrogen 6.70E-02 4.46E-06 7.22E-06 1.48E-04 3
Sulfur 8.11E-02 7.96E-07 3.79E-07 2.69E-06 5

Nitrogen 6.36E-02 5.46E-06 8.94E-06 4.47E-05 3
Sulfur 1.69E-01 8.99E-07 4.27E-07 9.17E-07 5

Nitrogen 1.21E-01 1.51E-05 2.50E-05 3.31E-04 3
Sulfur 1.97E-01 2.73E-06 1.28E-06 2.97E-06 5

Nitrogen 2.92E-01 4.29E-03 7.15E-03 5.48E-03 3
Sulfur 3.91E-01 3.76E-04 1.78E-04 2.92E-05 5

Nitrogen 4.36E-02 2.76E-06 4.52E-06 3.59E-05 3
Sulfur 6.13E-02 4.27E-07 2.03E-07 6.39E-07 5

Nitrogen 2.76E-02 3.08E-06 4.95E-06 2.62E-04 3
Sulfur 4.44E-02 5.69E-07 2.70E-07 2.23E-06 5

Nitrogen 7.98E-02 7.92E-06 1.31E-05 9.97E-05 3
Sulfur 1.51E-01 1.51E-06 7.13E-07 1.51E-06 5

Nitrogen 2.50E-01 2.79E-05 4.60E-05 2.89E-03 3
Sulfur 3.39E-01 4.42E-06 2.10E-06 5.01E-05 5

Nitrogen 6.46E-02 1.19E-05 1.92E-05 3.86E-04 3
Sulfur 9.09E-02 2.10E-06 9.98E-07 6.00E-06 5

Nitrogen 1.17E-01 1.12E-05 1.86E-05 2.19E-04 3
Sulfur 2.18E-01 2.15E-06 1.01E-06 2.44E-06 5

Nitrogen 1.96E-01 3.71E-05 6.40E-05 5.21E-04 3
Sulfur 3.21E-01 7.02E-06 3.33E-06 1.37E-05 5

Nitrogen 8.02E-02 1.39E-05 2.30E-05 1.26E-04 3
Sulfur 1.28E-01 2.16E-06 1.01E-06 1.85E-06 5

Nitrogen 9.64E-02 7.41E-06 1.24E-05 4.44E-05 3
Sulfur 1.90E-01 1.81E-06 8.59E-07 1.08E-06 5

Nitrogen 9.87E-02 7.25E-06 1.21E-05 4.32E-05 3
Sulfur 1.91E-01 1.78E-06 8.42E-07 1.06E-06 5

Nitrogen 1.52E-01 1.45E-04 2.60E-04 4.33E-04 3
Sulfur 2.08E-01 2.07E-05 9.82E-06 6.16E-06 5

Nitrogen 1.58E-01 1.37E-04 2.52E-04 4.27E-04 3
Sulfur 2.16E-01 2.10E-05 9.95E-06 6.39E-06 5

Nitrogen 8.95E-02 5.54E-06 9.13E-06 3.68E-05 3
Sulfur 1.69E-01 1.23E-06 5.83E-07 9.59E-07 5

Nitrogen 1.16E-01 8.05E-06 1.36E-05 4.48E-05 3
Sulfur 2.21E-01 1.96E-06 9.27E-07 1.07E-06 5

Nitrogen 8.88E-02 6.93E-06 1.14E-05 5.09E-05 3
Sulfur 1.64E-01 1.40E-06 6.63E-07 1.19E-06 5

Nitrogen 1.04E-01 7.18E-06 1.20E-05 4.20E-05 3
Sulfur 1.97E-01 1.76E-06 8.34E-07 1.03E-06 5

Receptor Set

Theodore Roosevelt NP Class I Area

CLASS I AREAS

POLLUTANT

Fitzpatrick W Class I Area

North Cheyenne IR Class I Area

Bridger W Class I Area

Badlands NP Class I Area

Fort Peck IR Class I Area

Gates of the Mountain W Class I Area

Scapegoat W Class I Area

UL Bend W Class I Area

Washakie W Class I Area

North Absaorka W Class I Are

Upper Frozen Lake, Bridger WA

Hobbs Lake, Bridger WA

Deep Lake, Bridger WA

Black Joe Lake, Bridger WA

Lower Saddlebag, Popo Agie WA

Ross Lake, Cloud Peak WA

Emerald Lake, Cloud Peak WA

Florence, Cloud Peak WA,

CLASS I / CLASS II SENSITIVE LAKES

Table 3-4
Modeled Deposition for Nitrogen and Sulfur - Base Year

Maximum Deposition (kg/ha - yr)

Yellowstone NP Class I Area

Red Rock Lakes Class I Area

Grand Teton NP Class I Area

Teton W Class I Area

Bob Marshall W Class I Area

Wind Cave NP Class I Area
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ALL  
SOURCES - 

Alternative E

ALL  
SOURCES - 
Alternative F

ALL  
SOURCES - 

Alternative H
Threshold 

Nitrogen 1.20E-01 1.20E-01 1.20E-01 3
Sulfur 1.83E-01 1.83E-01 1.83E-01 5

Nitrogen 1.79E-02 1.78E-02 1.79E-02 3
Sulfur 2.70E-02 2.70E-02 2.70E-02 5

Nitrogen 1.14E-01 1.14E-01 1.14E-01 3
Sulfur 2.38E-01 2.38E-01 2.38E-01 5

Nitrogen 1.30E-01 1.30E-01 1.30E-01 3
Sulfur 1.87E-01 1.87E-01 1.88E-01 5

Nitrogen 7.93E-02 7.90E-02 7.95E-02 3
Sulfur 1.46E-01 1.46E-01 1.46E-01 5

Nitrogen 9.39E-02 9.37E-02 9.39E-02 3
Sulfur 1.11E-01 1.11E-01 1.11E-01 5

Nitrogen 6.53E-02 6.53E-02 6.53E-02 3
Sulfur 1.78E-01 1.78E-01 1.78E-01 5

Nitrogen 1.30E-01 1.30E-01 1.30E-01 3
Sulfur 2.13E-01 2.13E-01 2.13E-01 5

Nitrogen 1.87E+00 1.97E+00 1.99E+00 3
Sulfur 4.88E-01 4.89E-01 4.92E-01 5

Nitrogen 4.55E-02 4.55E-02 4.56E-02 3
Sulfur 6.52E-02 6.52E-02 6.52E-02 5

Nitrogen 4.13E-02 4.12E-02 4.14E-02 3
Sulfur 6.12E-02 6.12E-02 6.12E-02 5

Nitrogen 8.36E-02 8.34E-02 8.36E-02 3
Sulfur 1.61E-01 1.61E-01 1.61E-01 5

Nitrogen 2.58E-01 2.58E-01 2.58E-01 3
Sulfur 3.53E-01 3.53E-01 3.53E-01 5

Nitrogen 9.11E-02 9.07E-02 9.15E-02 3
Sulfur 1.23E-01 1.23E-01 1.23E-01 5

Nitrogen 1.25E-01 1.24E-01 1.25E-01 3
Sulfur 2.37E-01 2.37E-01 2.38E-01 5

Nitrogen 2.07E-01 2.07E-01 2.07E-01 3
Sulfur 3.58E-01 3.58E-01 3.58E-01 5

Nitrogen 8.58E-02 8.56E-02 8.58E-02 3
Sulfur 1.36E-01 1.36E-01 1.36E-01 5

Nitrogen 9.63E-02 9.62E-02 9.63E-02 3
Sulfur 2.15E-01 2.15E-01 2.15E-01 5

Nitrogen 9.81E-02 9.81E-02 9.82E-02 3
Sulfur 2.16E-01 2.16E-01 2.16E-01 5

Nitrogen 1.65E-01 1.64E-01 1.65E-01 3
Sulfur 2.34E-01 2.34E-01 2.34E-01 5

Nitrogen 1.70E-01 1.69E-01 1.70E-01 3
Sulfur 2.43E-01 2.43E-01 2.43E-01 5

Nitrogen 8.83E-02 8.82E-02 8.83E-02 3
Sulfur 1.82E-01 1.82E-01 1.82E-01 5

Nitrogen 1.15E-01 1.15E-01 1.15E-01 3
Sulfur 2.55E-01 2.55E-01 2.55E-01 5

Nitrogen 8.94E-02 8.94E-02 8.95E-02 3
Sulfur 1.76E-01 1.76E-01 1.76E-01 5

Nitrogen 1.03E-01 1.03E-01 1.03E-01 3
Sulfur 2.22E-01 2.22E-01 2.22E-01 5

Table 3-5
Maximum Deposition for Alternate Development Scenarios 

Hobbs Lake, Bridger WA

Lower Saddlebag, Popo Agie WA

Washakie W Class I Area

Wind Cave NP Class I Area

Yellowstone NP Class I Area

CLASS I / CLASS II SENSITIVE LAKES

Scapegoat W Class I Area

Teton W Class I Area

Ross Lake, Cloud Peak WA

Upper Frozen Lake, Bridger WA

Black Joe Lake, Bridger WA

Deep Lake, Bridger WA

Emerald Lake, Cloud Peak WA

Florence, Cloud Peak WA,

Theodore Roosevelt NP Class I Area

UL Bend W Class I Area

Grand Teton NP Class I Area

North Absaorka W Class I Are

North Cheyenne IR Class I Area

Red Rock Lakes Class I Area

Bob Marshall W Class I Area

Fitzpatrick W Class I Area

Fort Peck IR Class I Area

Gates of the Mountain W Class I Area

Badlands NP Class I Area

Bridger W Class I Area

Maximum Deposition (kg/ha - yr)

CLASS I AREAS

Receptor Set POLLUTANT
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Wilderness Area
Background 

ANC
Number of 
Samples 

Watershed 
Area

Annual 
Precipitation ANC(o) %ANC Hdep %ANC Hdep %ANC Hdep %ANC Hdep

Lake (ueq/l) (ha)  (meter) (eq) change ueq/l change ueq/l change ueq/l change ueq/l

Bridger
Black Joe 67 43 890 0.97 397109 4.2 2.9 4.6 3.1 4.6 3.1 4.6 3.1

Deep 60 61 205 0.97 80864 4.8 2.9 5.2 3.2 5.2 3.2 5.2 3.2
Hobbs 70 68 293 0.76 101715 4.9 3.3 5.1 3.5 5.1 3.5 5.1 3.5

Upper Frozen 5 (NA) 64.8 1.22 1033 123.9 2.4 133.1 2.6 133.1 2.6 133.1 2.6
Cloud Peak

Emerald 55.3 9 293 0.97 104776 6.7 3.7 7.4 4.1 7.4 4.1 7.4 4.1
Florence 32.7 10 417 0.97 88177 11.7 3.8 12.9 4.2 12.9 4.2 12.9 4.2

Fitzpatrick
Ross 53.5 35 4455 0.97 1768834 4.2 2.6 4.4 2.7 4.4 2.7 4.4 2.7

Popo Agie
Lower Saddlebag 55.5 34 155 0.97 55628 6.2 3.4 6.7 3.7 6.7 3.7 6.7 3.7

Table 3-6
Modeled Impacts on Acid Sensitive Lakes -Alternate Development Scenarios

Alternative E Alternative F Alternative H Base Year 

 
 
   Table 3-7 
 Modeled Acute Concentrations of Hazardous Air Pollutants (HAPs)  
 All Production Scenarios - All Sources  
            
                   
 
 

Receptor Set Pollutant 
Averag

ing 
Period 

RANK Base 
Year 

ALT E 
Total 

Impact 

ALT F 
Total 

Impact 

ALT H 
Total 

Impact 

REL 
(µg/m3)  

 
 

Near Field 
Receptors            
All Data in 
µg/m3

              
 
   
 
 

Benzene 1-hour 1ST 
HIGH 0.29 0.36 0.31 0.30 1,300  

 
Ethyl Benzene 1-hour 1ST 

HIGH 0.01 0.01 0.01 0.01  35,000 
 

Formaldehyde 1-hour 1ST 
HIGH 13.3 16.6 14.2 13.8 94  

 
n-Hexane 1-hour 1ST 

HIGH 4.44 207.00 207.00 207.00  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

39,000 

Toluene 1-hour 1ST 
HIGH 0.2 0.3 0.3 0.3 37,000 

Montana Near 
Field Receptors 

Xylene 1-hour 1ST 
HIGH 0.1 0.1 0.1 0.1 22,000 

Benzene 1-hour 1ST 
HIGH 1.9 1.0 1.0 1.0 1,300 

Ethyl Benzene 1-hour 1ST 
HIGH 0.1 0.04 0.0 0.0 35,000 

Formaldehyde 1-hour 1ST 
HIGH 86.2 46.5 46.5 46.5 94 

n-Hexane 1-hour 1ST 
HIGH 3.1 12.8 12.8 12.8 39,000 

Toluene 1-hour 1ST 
HIGH 1.0 0.5 0.5 0.5 37,000 

Wyoming Near 
Field Receptors 

Xylene 1-hour 1ST 
HIGH 0.4 0.2 0.2 0.2 22,000 

TSD-31 



AIR QUALITY TECHNICAL SUPPORT DOCUMENT 
Modeled Results for Base Year and Alternative Development Scenarios 

 
Table 3-8   

Modeled Annual Concentrations of Hazardous Air Pollutants (HAPs) - All Production Scenarios  
All Sources    

          
                  

Receptor Set Pollutant Averaging 
Period* RANK Base 

Year  

ALT E 
Total 

Impact 

ALT F 
Total 

Impact 

ALT H 
Total 

Impact 

Non-
Carcinogenic 

RfCs 

Near Field Receptors   - Non-Carcinogenic Impacts                                                                       All Data in µg/m3

Benzene Annual  1ST HIGH 0.0026 0.0031 0.0031 0.0032 30 
Ethyl Benzene Annual  1ST HIGH 0.0001 0.0001 0.0001 0.0001 1,000 
Formaldehyde Annual  1ST HIGH 0.1210 0.1400 0.1400 0.1400 9.8 
n-Hexane Annual  1ST HIGH 0.1250 1.6000 1.6000 1.6000 

TSD-32 

200 
Toluene Annual  1ST HIGH 0.0001 0.0034 0.0034 0.0034 400 

Montana Near 
Field Receptors 

Xylene Annual  1ST HIGH 0.0006 0.0006 0.0006 0.0006 100 
Benzene Annual  1ST HIGH 0.0093 0.0055 0.0055 0.0055 30 
Ethyl Benzene Annual  1ST HIGH 0.0004 0.0003 0.0003 0.0003 1,000 
Formaldehyde Annual  1ST HIGH 0.4270 0.2390 0.2390 0.2390 9.8 
n-Hexane Annual  1ST HIGH 0.0562 0.0826 0.0826 0.0826 200 
Toluene Annual  1ST HIGH 0.0049 0.0028 0.0028 0.0028 400 

Wyoming Near 
Field Receptors 

Xylene Annual  1ST HIGH 0.0020 0.0011 0.0011 0.0011 100 

           

Near Field Receptors  - Carcinogenic Risk Evaluation*  Risk Evaluation X 10-6   
Benzene Annual  1ST HIGH 0.015 0.017 0.017 0.017   Montana 
Formaldehyde Annual  1ST HIGH 0.000 0.001 0.001 0.001   
Benzene Annual  1ST HIGH 0.052 0.030 0.030 0.030   Wyoming  
Formaldehyde Annual  1ST HIGH 0.002 0.001 0.001 0.001   

           

*Benzene Concentrations multiplied by risk factor:  7.8 X 10-6 X 0.71)      
*Formaldehyde Concentrations multiplied by risk factor:  5.5 X 10-9 X 
0.71)         
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Applicable Standards 
(ug/m3) 

NAAQS:  565 

NAAQS:  100

NAAQS:  150

NAAQS:  50

NAAQS:  35

Figure 3-1
Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5

Montana Near-field Receptors 
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Applicable Standards 
(ug/m3) 

NAAQS:  15

NAAQS:  1300

NAAQS:  1300

NAAQS:  260

NAAQS:  60

Figure 3-1 (continued)
Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5

Montana Near-field Receptors 
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Applicable Standards 
(ug/m3) 

NAAQS:  100 

NAAQS:  150

NAAQS:  50

NAAQS:  35

Figure 3-2
Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5

Wyoming Near-field Receptors 
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Applicable Standards 
(ug/m3) 

NAAQS:  15

NAAQS:  1300

NAAQS:  260

NAAQS:  60

Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5
Wyoming Near-field Receptors 

Figure 3-2 (continued)
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Applicable Standards 
(ug/m3) 

MAAQS:  565 

NAAQS:  100

NAAQS:  150

NAAQS:  50

Figure 3-3
Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5

Northern Cheyenne Indian Reservation 
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Applicable Standards 
(ug/m3) 

NAAQS:  35

NAAQS:  15

NAAQS:  1300

Figure 3-3 (continued)
Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5

Northern Cheyenne Indian Reservation 
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Applicable Standards 
(ug/m3) 

NAAQS:  1300

NAAQS:  260

NAAQS:  60

Figure 3-3 (continued)
Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5

Northern Cheyenne Indian Reservation 
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Applicable Standards 
(ug/m3) 

NAAQS:  100 

NAAQS:  150

NAAQS:  50

NAAQS:  35

Figure 3-4
Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5

Theodore Roosevelt National Park
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Applicable Standards 
(ug/m3) 

NAAQS:  15

NAAQS:  1300

NAAQS:  260

NAAQS:  60

Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5

Theodore Roosevelt National Park

Figure 3-4 (continued)
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Applicable Standards 
(ug/m3) 

NAAQS:  100 

NAAQS:  150

NAAQS:  50

NAAQS:  35

Figure 3-5
Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5

Wind Cave National Park
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Applicable Standards 
(ug/m3) 

NAAQS:  15

NAAQS:  1300

NAAQS:  260

NAAQS:  60

Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5

Wind Cave National Park

Figure 3-5 (continued)
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Applicable Standards 
(ug/m3) 

MAAQS:  565 

NAAQS:  100

NAAQS:  150

NAAQS:  50

Figure 3-6
Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5

Crow Indian Reservation
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Applicable Standards 
(ug/m3) 

NAAQS:  35

NAAQS:  15

NAAQS:  1300

Figure 3-6 (continued)
Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5

Crow Indian Reservation
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Applicable Standards 
(ug/m3) 

NAAQS:  1300

NAAQS:  260

NAAQS:  60

Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5

Crow Indian Reservation

Figure 3-6 (continue)
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Applicable Standards 
(ug/m3) 

NAAQS:  100 

NAAQS:  150

NAAQS:  50

NAAQS:  35

Figure 3-7
Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5

Cloud Peak Wilderness 

0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08

A
nn

ua
l N

O
2 

(u
g/

m
3)

Base Year Alt. E Alt. F Alt. H

0

1

2

3

4

5

6

7

8

24
-H

r P
M

10
 (u

g/
m

3)

0

0.1

0.2

0.3

0.4

0.5

0.6

A
nn

ua
l P

M
10

 (u
g/

m
3)

0

1

2

3

4

5

6

24
-H

r P
M

2.
5 

(u
g/

m
3)

 

  

To
ng

ue
 R

iv
er

 
R

ai
lro

ad
 

A
LL

 S
ou

rc
es

 

AL
L 

M
T 

M
T 

C
BN

G
 

C
on

st
ru

ct
io

n 
  

M
T 

C
BN

G
 

O
pe

ra
tio

n 

M
T 

C
oa

l 

W
Y 

C
BN

G
 

C
on

st
ru

ct
io

n 

W
Y 

C
BN

G
 

O
pe

ra
tio

n 

W
Y

 O
il 

&
 G

as
 

C
on

st
ru

ct
io

n 

W
Y

 O
il 

&
 G

as
 

O
pe

ra
tio

n 

W
Y

 O
th

er
 

 

TSD-47 



AIR QUALITY TECHNICAL SUPPORT DOCUMENT 
Modeled Results for Base Year and Alternative Development Scenarios 

TSD-48 
 

Applicable Standards 
(ug/m3) 

NAAQS:  15

NAAQS:  1300

NAAQS:  260

NAAQS:  60

Figure 3-7 (continue)
Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5

Cloud Peak Wilderness 
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Applicable Standards 
(ug/m3) 

MAAQS:  565 

NAAQS:  100

NAAQS:  150

NAAQS:  50

Figure 3-8
Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5

Bighorn Canyon NRA
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Applicable Standards 
(ug/m3) 

NAAQS:  35

NAAQS:  15

NAAQS:  1300

Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5

Bighorn Canyon NRA

Figure 3-8 (continued)
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Applicable Standards 
(ug/m3) 

NAAQS:  1300

NAAQS:  260

NAAQS:  60

Bighorn Canyon NRA

Figure 3-8 (continued)
Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5
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Applicable Standards 
(ug/m3) 

NAAQS:  100 

NAAQS:  150

NAAQS:  50

NAAQS:  35

Figure 3-9
Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5

Wind River Indian Reservation
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Applicable Standards 
(ug/m3) 

NAAQS:  15

NAAQS:  1300

NAAQS:  260

NAAQS:  60

Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5

Wind River Indian Reservation

Figure 3-9 (continued)

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8

A
nn

ua
l P

M
2.

5 
(u

g/
m

3)

Base Year Alt. E Alt. F Alt. H

0

50

100

150

200

3-
H

r S
O

2 
(u

g/
m

3)

0
5

10
15

20
25

30
35

40

24
-H

r S
O

2 
(u

g/
m

3)

0

1

2

3

4

5

6

A
nn

ua
l S

O
2 

(u
g/

m
3)

 

  

To
ng

ue
 R

iv
er

 
R

ai
lro

ad
 

A
LL

 S
ou

rc
es

 

AL
L 

M
T 

M
T 

C
BN

G
 

C
on

st
ru

ct
io

n 
  

M
T 

C
BN

G
 

O
pe

ra
tio

n 

M
T 

C
oa

l 

W
Y 

C
BN

G
 

C
on

st
ru

ct
io

n 

W
Y 

C
BN

G
 

O
pe

ra
tio

n 

W
Y

 O
il 

&
 G

as
 

C
on

st
ru

ct
io

n 

W
Y

 O
il 

&
 G

as
 

O
pe

ra
tio

n 

W
Y

 O
th

er
 

 

 
 

TSD-53 


	AIR QUALITY TECHNICAL SUPPORT DOCUMENT
	TABLE OF CONTENTS
	1.0 INTRODUCTION AND BACKGROUND
	Oil and Gas EIS 
	Figure 1-1 Montana Statewide Oil and Gas EIS Study Receptor Grids and Modeling Domain

	Coal Review 
	Figure 1-2 Coal Review Receptor Grids and Modeling Domain

	Objective of This Study 
	 Key Issues 

	2.0 TECHNICAL APPROACH
	Overview of Assessment Approach
	Air Quality Modeling 
	Receptor Grids and Analyses 
	Emissions Input Data 
	Emissions Source Groups 
	Base Year Selection 
	Alternative Development Year 
	Table 2-1 Total Annual Emissions for Alternatives Under Consideration

	Emissions by Source Group 
	Coal Bed Natural Gas Sources 
	Table 2-2 Summary of Total Emissions by Watershed Year 20 of Development

	Coal Production Related Sources
	Figure 2-1 Projected Coal Development for PRB Wyoming

	Conventional Oil & Gas Sources
	Table 2-3 Base Year 2004 and Alternative Production Year (Year 20) Emissions Montana Conventional Oil and Gas Operation and Construction

	Power Plant Sources
	 Other Major Sources


	Ambient Air Quality During the Base Year 
	PM10
	PM2.5
	NO2 
	SO2


	3.0 MODELED RESULTS FOR BASE YEAR AND ALTERNATIVE DEVELOPMENT SCENARIOS
	Table 3-1 Summary of Modeled Air Quality Impacts
	Impacts on Ambient Air Quality 
	Impacts at Near-field Receptors in Montana 
	Figure 3-1 Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5 Montana Near-field Receptors

	Impacts at Near-field Receptors in Wyoming 
	Figure 3-2 Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5 Wyoming Near-field Receptors


	Air Quality Impacts at Class I Area Receptors 
	Figure 3-3 Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5 Northern Cheyenne Indian Reservation
	Figure 3-4 Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5 Theodore Roosevelt National Park
	Figure 3-5 Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5 Wind Cave National Park

	Air Quality Impacts at Sensitive Class II Area Receptors 
	Figure 3-6 Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5 Crow Indian Reservation
	Figure 3-7 Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5 Cloud Peak Wilderness
	Figure 3-8 Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5 Bighorn Canyon NRA
	Figure 3-9 Change in Modeled Concentrations of NO2, SO2, PM10, PM2.5 Wind River Indian Reservation

	Impacts on Visibility 
	Table 3-2 Visibility - Method 6 and Monthly f(RH) values - Base Year Maximum
	Table 3-3 Visibility - Method 6 and Monthly f(RH) values - Future Alternatives Maximum

	Impacts on Acid Deposition 
	Table 3-4 Modeled Deposition for Nitrogen and Sulfur - Base Year

	Impacts on Sensitive Lake Acid Neutralizing Capacity 
	Table 3-5 Maximum Deposition for Alternate Development Scenarios
	Table 3-6 Modeled Impacts on Acid Sensitive Lakes - Alternate Development Scenarios

	Analysis of Hazardous Air Pollutant Impacts 
	Table 3-7 Modeled Acute Concentrations of Hazardous Air Pollutants (HAPs) All Production Scenarios - All Sources
	Table 3-8 Modeled Annual Concentrations of Hazardous Air Pollutants (HAPs) - All Production Scenarios All Sources

	Air Quality Modeling Results Maps for 1-hour NO2 and 24-hour PM10 for Montana Near Field and Far Field Receptors





