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This chapter describes existing conditions for the resources in the Buffalo Field Office planning
area and serves as the baseline against which Chapter 4 analyzes and compares impacts under
alternatives A, B, C, and D. A variety of laws, regulations, policies, and other requirements direct
public land management, as summarized in Chapter 1. The Buffalo Field Office operates under
these requirements and guidance. In addition to describing existing conditions, this chapter
describes management challenges as identified through the Bureau of Land Management (BLM)
Analysis of the Management Situation (AMS) and issues identified during the public scoping
process.

3.1. Physical Resources

3.1.1. Air Quality

This section describes the air resources in the region that would be potentially affected by BLM
activities and decisions in the Buffalo planning area. The discussion of air resources includes a
description of the topography, climate, climate change, and existing air quality of the planning
area. Air pollutants addressed include criteria air pollutants, hazardous air pollutants (HAPs),
and sulfur and nitrogen compounds that could contribute to Air Quality Related Values (AQRV),
including visibility, atmospheric deposition, and acid rain.

3.1.1.1. Regional Context

For this analysis, air quality data were examined from monitors located within the planning

area (Campbell, Johnson, and Sheridan counties) and in nearby areas (Weston and Converse
counties). Air quality data from these locations provides an overall summary of current air quality
conditions within the planning area and in the surrounding regions.

3.1.1.2. Regulatory and Policy Framework

The Clean Air Act (CAA) and its amendments mandate the control of air pollutants throughout
the United States. The CAA imposes an obligation on all state and federal agencies, including
the BLM, to comply with all state and local air pollution requirements. The CAA addresses
criteria air pollutants, state and National Ambient Air Quality Standards (NAAQS) for criteria
air pollutants, AQRVs such as visibility and deposition, and the Prevention of Significant
Deterioration (PSD) program.

Further, the National Environmental Policy Act ((NEPA] Public Law 91-190, January 1, 1970)
requires federal agencies to ... promote efforts which will prevent or eliminate damage to the
environment ...” and to ... attain the widest range of beneficial uses ... without degradation, risk
to health and safety, or other undesirable and unintended consequences ...”

Air quality protection is also a part of the Federal Land Policy and Management Act ((FLPMA]
Public Law 94-579, October 21, 1976), which states that ... it is the policy of the United States
that ... the public lands be managed in a manner that will protect ... air and atmospheric ...
values ...”
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3.1.1.3. Indicators

This analysis addresses criteria pollutants (carbon monoxide [CO], nitrogen oxide [NOy],
particulate matter less than 2.5 microns in diameter [PM; 5, particulate matter less than 10
microns in diameter [PM;], sulfur dioxide [SO,], organics and toxics (HAPs and volatile
organic compounds [VOCs]), and sulfur and nitrogen compounds, which could contribute to
visibility impairment and atmospheric deposition, including acid rain. The analysis also addresses
greenhouse gases (GHQG) including carbon dioxide (CO,), methane (CHy), and nitrous oxide
(N,0). The NAAQS set the maximum standards for criteria air pollutants. The CAA provides
special protection for air quality and visibility in designated classified areas of the country.
National parks larger than 6,000 acres and wilderness areas larger than 5,000 acres that existed or
were authorized as of August 7, 1977 receive the highest degree of air quality protection under the
CAA. The CAA originally designated the 158 Class I areas, but in 1980 Bradwell Bay, Florida,
and Rainbow Lake, Wisconsin were excluded for purposes of visibility protection. In addition to
the 156 remaining Class I areas, five Tribal areas have been designated Class I areas, including the
Northern Cheyenne area, which is located in Montana just north of the Buffalo planning area. All
other wilderness areas (and areas such as national monuments and seashores) are designated Class
II. For air quality impact analyses as part of EIS development, the Class II wilderness area may be
referred to as a sensitive Class II wilderness area because potential air pollutants could impair air
quality concentrations, visibility, or lake acidification in these areas. The CAA’s Prevention of
Significant Deterioration (PSD) program establishes allowable increases of a given pollutant for a
particular area from specific sources. For the purposes of the RMP, no formal PSD increment
consumption analysis will be performed since this is handled through the permit process for a
particular new source by state or other Federal agencies.

Criteria Air Pollutants

The U.S. Environmental Protection Agency (EPA) has established air quality standards for criteria
pollutants and identifies them as the NAAQS. Concentrations of air pollutants greater than the
national standards represent a risk to human health. Criteria pollutants include CO, nitrogen
dioxide (NO,), ozone (O3), PM;, and PM, s, sulfur dioxide (SO,), and lead.

Wyoming and National Ambient Air Quality Standards

Wyoming Ambient Air Quality Standards (WAAQS) and NAAQS identify maximum limits for
criteria air pollutant concentrations at all locations to which the public has access. The WAAQS
and NAAQS are legally enforceable standards. Concentrations above the WAAQS and NAAQS
represent a risk to human health that by law, require public safeguards be implemented. State
standards must be at least as protective of human health as federal standards, and may be more
restrictive than the federal standards.

Volatile Organic Compounds and Hazardous Air Pollutants

There are numerous organic compounds in the atmosphere, referred to as VOC, that are emitted
from anthropogenic sources, such as petroleum products, paints, stains, etc., and from biogenic
sources, such as trees and crops, that act as precursors to O3 production and secondary aerosol
formation. Because of their toxic effects, a subset of these compounds have been designated as
HAPs, including benzene, toluene, ethylbenzene, xylene (also referred to as BETEX), N-hexane,
and formaldehyde. Although HAPs do not have federal ambient air quality standards (there are
exposure thresholds), some states have established “significance thresholds” to evaluate human
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exposure for potential chronic inhalation illness and cancer risks. The State of Wyoming has not
established any ambient air quality standards or significance thresholds for HAPs.

Visibility

Visibility can be expressed in terms of deciviews, a measure for describing perceived changes in
visibility. One deciview is defined as a change in visibility that is just perceptible to an average
person, which is approximately a 10% change in light extinction. To estimate potential visibility
impairment, monitored aerosol concentrations are used to reconstruct visibility conditions for
each day monitored. These daily values are then ranked from clearest to haziest and divided into
three categories to indicate the mean visibility for all days (average), the 20% of days with the
clearest visibility (20% clearest), and the 20% of days with the worst visibility (20% haziest).
Visibility can also be defined by standard visual range (SVR) measured in miles, and is the
farthest distance at which an observer can see a black object viewed against the sky above the
horizon; the larger the SVR, the cleaner the air.

Since 1980 the Interagency Monitoring of Protected Visual Environments (IMPROVE) network
has measured visibility in national parks and wilderness areas. There are six IMPROVE stations
in Wyoming, including two in the Buffalo planning area — one in the Thunder Basin National
Grasslands and one in the Cloud Peak Wilderness.

Atmospheric Deposition

Atmospheric deposition refers to processes by which air pollutants are removed from the
atmosphere and deposited into terrestrial and aquatic ecosystems. Air pollutants can be deposited
by either wet (precipitation via rain or snow) or dry (gravitational) settling of particles and
adherence of gaseous pollutants to soil, water, and vegetation. Much of the concern about
deposition is due to secondary formation of acids and other compounds from emitted nitrogen
and sulfur species such as NO, and SO,, which can contribute to acidification of lakes, streams,
and soils, and affect other ecosystem characteristics, including nutrient cycling and biological
diversity.

Substances deposited include:

e Acids, such as sulfuric and nitric, sometimes referred to as acid rain
e Air toxics, such as pesticides, herbicides, and VOCs

e Heavy metals, such as mercury

e Nutrients, such as nitrates and ammonium

The accurate measurement of atmospheric deposition is complicated by contributions to deposition
from several components — rain, snow, cloud water, particle settling, and gaseous pollutants.
Deposition varies with precipitation and other meteorological variables (e.g., temperature,
humidity, winds, and atmospheric stability), which in turn, vary with elevation and time.

Monitoring of Air Quality, Visibility, and Deposition in the Buffalo Planning Area

Various state and federal agencies continuously monitor air pollutant concentrations, visibility,
and atmospheric deposition in and near the Buffalo planning area. Table 3.1, “Air Quality
Monitoring Sites in and Near the Buffalo Planning Area” (p. 190) lists the air quality monitoring
sites in the Buffalo planning area (Sheridan, Johnson, and Campbell counties), as well as sites in
adjacent counties (Weston and Converse counties). The Wyoming Department of Environmental
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Quality (DEQ) operates monitors as part of the State and Local Monitoring Site (SLAMS)
network and the Special Purpose Monitoring (SPM) network.

There are two monitors in the IMPROVE network located in the Buffalo planning area — one in
the Cloud Peak Wilderness in Johnson County and one in the Thunder Basin National Grasslands
in Campbell County. The BLM operates monitors in Johnson County as part of the Wyoming Air
Resource Monitoring System (WARMS), including one at the Buffalo site. The Clean Air Status
& Trends Network (CASTNet) measures concentrations of nitrogen and sulfur compounds and
ozone at three sites in Wyoming, including Medicine Bow National Forest in southeast Wyoming
near Centennial, Pinedale, and Yellowstone National Park. Because none of the CASTNet

sites are near the Buffalo planning area, data from these sites might not be representative of
concentrations in the Buffalo planning area. Atmospheric deposition (wet) measurements of
ammonium, sulfate, and various metals are taken at the Newcastle monitor, which the BLM
operates as part of the National Acid Deposition Program (NADP).

Table 3.1. Air Quality Monitoring Sites in and Near the Buffalo Planning Area

. Type of Operating Location
(ot G BT Monitor Parameter Schedule Longitude | Latitude
Air Quality Monitoring Sites in the Planning Area
Thunder Basin| ~ SPM O3, NOy, and |y o -105.3000 44.6720
meteorology
South 03, NOy, 1/3 (PMyq) and
Campbell SPM PM,,, and hourly (NOy -105.5000 44.1470
County meteorology and O3)
. 1/3 (PMys)and|
Belle Ayr Mine SPM NOy and PM; 5 hourly (NO,) 105.3000 44.0990
Wright SPM PMyg 1/6 -105.5000 43.7580
Gillette SLAMS PM o 1/6 -105.5000 44.2880
Campbell | Black Thunder| - gpyy PM, 5 173 -1052000 | 43.6770
Buckskin Mine SPM PM; 5 1/3 -105.6000 44.4720
South Coal | WARMs | PMasand 1105.8378 44.9411
meteorology
PM,; s, nitrates,
ammonium,
Thunder Basin| IMPROVE | Mitric acid, 13 -105.2874 44.6634
sulfates,
SO,, and
meteorology
PM, s, nitrate,
e | 15 o
Buffalo WARMS sulfate ’ & Weekly -106.0189 44.1442
SO,, and (others)
meteorology
Johnson PM, s, nitrate,
ammonium,
Cloud Peak | IMPROVE | Mitric acid, 1/3 -106.9565 44.3335
sulfate,
SO,, and
meteorology
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q Type of Operating Location
LTI UIINEIG Monitor e Schedule Longitude Latitude
Sheridan - PM;g and |1/3 (PMg); 1/3
Highland Park | SFAMS PM,s  |and 1/6 (PM,q)| ~107:0000 44.8060
Sheridan - PM;g and | 1/1 (PMg); 1/3
Police Station SLAMS PM; 5 and 1/6 (PM; 5) -107.0000 44.8330
. Arvada SPM PMyg -106.1000 44.6540
Sheridan .
PM,; s, nitrate,
ammonium,
Sheridan WARMS | nitric acid, 1/13/7(12331353556 -106.8472 44.9336
sulfate, and
SO,
Air Quality Monitoring Sites near the Planning Area
PM, s, nitrate,
ammonium,
| nitric acid, |1/3 (PMys)and|
Newecastle WARMS sulfate, 1/7 (others) 104.1919 43.8731
Weston 8Os, and
meteorology
Wet deposition
Newcastle NADP of ammonium, | g -104.1917 43.873
sulfates, and
metals
. 1/3 (PM,5) &
Antelope Mine SPM NOy and PM, 5 hourly (NO,) -105.4000 43.42700
03, PMys,
Converse amlg[f)arlfs;m Hourly (O3,
Basin! CASTNET . . > | PMys) Weekly | -108.0411 4428
nitric acid, all others
sulfate, and
meteorology

O3 ozone

1/3 Sampling occurs once every 3 days

1/6 Sampling occurs once every six days
CASTNET Clean Air Status and Trends Network
IMPROVE Interagency Monitoring of Protected Visual Environments
NADP National Atmospheric Deposition Program
SLAMS State and Local Monitoring Site

SPM Special Purpose Monitoring

WARMS Wyoming Air Resource Monitoring System
NOy nitrogen oxides

INewcastle and Basin WARMS sites were upgraded to full CASTNET sites in 2012

Source: WARMS 2013; EPA 2009; IMPROVE 2009; Wyoming DEQ 2009b; Wyoming DEQ 2009a; National
Atmospheric Deposition Program 2009

PM, particulate matter with an aerodynamic diameter equal to or less than a nominal 10 microns
PM, 5 particulate matter with an aerodynamic diameter equal to or less than a nominal 2.5 microns
SO, sulfur dioxide

3.1.1.4. Current Condition

Climate

The climate in the planning area is temperate; it is a semi-arid region with long cold winters and
short summers. The major factors controlling climate in the planning area are elevation, strong
westerly winds, moisture flow, and mountainous barriers to the west. Elevations in the planning
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area are both variable and relatively flat, ranging from 3,400 feet along the Powder River at the
Montana state line to 6,000 feet at the top of the Pumpkin Buttes; the elevation is 4,544 feet near
Gillette and 4,645 feet near Buffalo. The Big Horn Mountains along the western edge of the
planning area rise to more than 13,000 feet. In Gillette, monthly average temperatures range from
21.6 degrees Fahrenheit (°F) in the winter to 70.8°F in the summer. Wind speed and direction
are highly variable because of the effect of local topography in the planning area. Wind speeds
are generally strong and gusts above 40 miles per hour are not unusual. Table 3.2, “Climate
Information for the Buffalo Planning Area” (p. 192) lists temperature, precipitation, and wind
speed data for the planning area.

Table 3.2. Climate Information for the Buffalo Planning Area

Climate Component Description
Temperature Mean maximum summer temperaturel: 81.6 °F and 82.4 °F
Mean minimum winter temperature!: 11.8 °F and 13.5 °F
Mean annual temperature!: 45.6 °F and 45.2 °F

Precipitation Mean annual precipitation: 13 to 17 inches
Mean annual snowfall: 33 and 67 inches
Winds Mean annual wind speed: 9.3 miles per hour

Prevailing wind direction: north/northwest
Source: Western Regional Climate Center 2009
IBuffalo (site 481165) and Gillette (site 483855) respectively

°F degrees Fahrenheit

Air Quality

Table 3.3, “Applicable National and State Primary Air Quality Standards for Criteria Pollutants
and Recent Representative Concentrations for the Planning Area” (p. 192) is an overview of the
applicable primary WAAQS and NAAQS and recent representative pollutant concentrations
measured in or near the planning area. Figure 3.1, “Representative Maximum Pollutant
Concentrations in the Buffalo Planning Area as a Percentage of the NAAQS” (p. 193) shows that
the planning area is currently in compliance with all applicable national air quality standards.

Table 3.3. Applicable National and State Primary Air Quality Standards for Criteria
Pollutants and Recent Representative Concentrations for the Planning Area

Pollu- | Averag- NAAQS WAAQS Representative
tant |ing Time Concentrations
(ppm) | (ppb) | (ng/md) | (ppm) | (ppb) | (pg/md) | (ppm) | (ppb) | (ng/m3)
Carbon |1 hour! 35 35,000 | 40,000 35 35,000 | 40,000 0.77 800 920
Monox- |8 hour! 9 9,000 10,000 9 9,000 10,000 0.5 500 575
ide
Nitrogen |1 hour? 0.10 100 188 0.10 100 188 0.011 11 21
Dioxide |Annuald3 | 0.053 53 100 0.053 53 100 0.002 2.0 4
(Arith-
metic
Mean)
Ozone |8 hour? 0.075 75 147 0.075 75 147 0.062 62 122
PMq 24 hourd | N/A N/A 150 N/A N/A 150 N/A N/A 41
Annual® N/A N/A N/A N/A N/A 50 N/A N/A 11
PM; 5 24 hour’ | N/A N/A 35 N/A N/A 35 N/A N/A 13
Annual3 N/A N/A 12 N/A N/A 15 N/A N/A 53
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Pollu- | Averag- NAAQS WAAQS Representative
tant |ing Time Concentrations
(ppm) | (ppb) | (ng/md) | (ppm) | (ppb) | (ng/md) | (ppm) | (ppb) | (ug/md)
Sulfur 1 hour® 0.075 75 195 0.075 75 195 0.004 4 10.5
Dioxide |24-hour! | N/A N/A N/A N/A N/A N/A 0.02 20 52
0
Annualll | N/A N/A N/A N/A N/A N/A 0.000 0 0

Source: BLM 2004c; Wyoming DEQ 2012

INot to be exceeded more than once per year. Data (2nd high) collected at Yellowstone National Park during 2011.
2To attain this standard, the 3-year average of the 98th percentile of 1-hour concentrations at

each monitor within an area must not exceed 100 ppb. 3-year average of the 98th percentile

1-hour concentrations for Thunder Basin 2009-2011

3To attain this standard, the annual average concentration in the calendar year must be

less than or equal to 53 ppb. Thunder Basin annual average concentration for 2011.

4To attain this standard, the 3-year average of the fourth-highest daily maximum 8-hour av-

erage ozone concentrations measured at each monitor within an area over each year must not

exceed 75 ppb. Design value (2009 to 2011) for the Thunder Basin National Grasslands site.

5Not to be exceeded more than once per year on average over 3 years. 2011 maxi-

mum PM;, concentration at Campbell County Air Quality Monitoring Station. Data

Source: EPA’s Air Quality System Quick Look Report (AQS ID: 56-005-0456-81102).

6To attain this standard, the 3-year average of the annual means must be below 50 ug/m3. 3-year average
of the weighted annual mean PM; concentrations at Campbell County Air Quality Monitoring Station.
Data Source: EPA’s Air Quality System Quick Look Report (AQS ID: 56-005-0456). Years 2009-2011.
7To attain this standard, the 3-year average of the 98th percentile of 24-hour concentrations at each
population-oriented monitor in an area must not exceed 35 pg/m3. 3-year average of the 98th percentiles
of 24-hour average PM, 5 concentration at Highland Park, Sheridan Air Quality Monitoring Station. Data
Source: EPA’s Air Quality System Quick Look Report (AQS ID: 56-033—0003—88101). Years 2009-2011.
8To attain this standard, the 3-year average of the weighted annual mean concentrations from single

or multiple community-oriented monitors must not exceed 12.0 ug/m3. 3-year average of the annual
mean PM; 5 concentration at Highland Park, Sheridan Air Quality Monitoring Station. Data Source:
EPA’s Air Quality System Quick Look Report (AQS ID: 56-0333-0003-88101). Years 2009-2011.

9To attain this standard, the 3-year average of the 99th percentile of 1-hour concentrations

at each monitor within an area must not exceed 100 ppb. 3-year average of the 99th per-

centile 1-hour concentrations for Wyoming Refinery, Newcastle, WY site for 2009-2011.

102011 maximum SO, concentration at Cheyenne NCore Air Quality Monitoring Station.

Data Source: EPA’s Air Quality System Quick Look Report (AQS ID: 56-021-0100-42401).

112011 maximum SO, concentration at Cheyenne NCore Air Quality monitoring Station. Data Source: EPA’s Air
Quality System Quick Look Report (AQS ID: 56-021-0100-42401).

EPA Environmental Protection Agency

n/a not applicable

NAAQS National Ambient Air Quality Standards

PM,; 5 particulate matter with an aerodynamic diameter equal to or less than 2.5 microns

PM, particulate matter with an aerodynamic diameter equal to or less than 10 microns

ppm parts per million

ppb parts per billion

pg/m3 micrograms per cubic meter

SLAMS State and Local Air Monitoring System

WAAQS Wyoming Ambient Air Quality Standards

WARMS Wyoming Air Resource Monitoring System
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Source: WARMS 2013

NAAQS National Ambient Air Quality Standards

NO; nitrogen dioxide

PM, particulate matter with an aecrodynamic diameter equal or less than 10 microns
PM,; 5 particulate matter with an aerodynamic diameter equal or less than 2.5 microns
SO, sulfur dioxide

Note: The representative maximum pollutant concentrations as a percentage of the NAAQS were calculated using
the values in Table 3.3, “Applicable National and State Primary Air Quality Standards for Criteria Pollutants and
Recent Representative Concentrations for the Planning Area” (p. 192), which also provides the location and time
period associated with monitoring data.

Figure 3.1. Representative Maximum Pollutant Concentrations in the Buffalo Planning
Area as a Percentage of the NAAQS

Summary of Air Quality Modeling Studies of the Powder River Basin

During the last decade, a number of studies have been conducted to evaluate the potential effects
of emissions from natural resource development sources and activities in the Buffalo planning
area, primarily associated with coal and coalbed natural gas (CBNG) development in the Powder
River Basin (PRB). Several of these air quality impact assessment studies for the PRB have
included air quality modeling and related activities such as the development of comprehensive
emission inventories. The studies summarized below exemplify the types of analyses that have
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been conducted or are ongoing in the Buffalo planning area that not only include estimates of the
expected increases in criteria pollutant emissions from these activities, but also examine their
potential future year impacts on air quality concentrations using air quality modeling tools.

PRB-1

In 2002, Argonne National Laboratory conducted an air quality impact assessment for the PRB,
referred to as PRB-I. The geographic area of interest included the Montana and Wyoming portions
of the PRB. The primary focus of the study was to examine potential air quality impacts from
CBNG and conventional oil and gas (O&G) development sources in the Wyoming and Montana
portions of the PRB. Prior studies focused on Wyoming only and Montana only, but this study
was conducted for the two areas combined. At the time of the assessment, development was
expected to occur over a 20-year period for the Montana portion of the PRB, and over a 10-year
period for the Wyoming portion.

The assessment included the application of the CALPUFF air quality model (version 5) using
MMS5/CALMET-derived meteorological inputs for 1996 and emission inputs for a base year of
2000. The modeling domain included most of Wyoming and Montana and portions of North
Dakota, South Dakota, and Nebraska. The assessment focused on criteria pollutants (NO,, SO,
CO, PM,( and PM,; 5), HAPs, visibility, and atmospheric deposition to lakes (lake chemistry).
Ozone was not addressed due to limitations of the CALPUFF modeling system.

CALPUFF was used to estimate direct, indirect, and cumulative near-field and far-field air quality
impacts for comparison with air quality standards and PSD increments. The study considered
four development alternatives for Wyoming project sources. Near-field modeling focused on
project sources located in Wyoming found that:

e For all four alternatives, the concentration increases due to the emissions from the Wyoming
project sources are expected to be less than the maximum allowable PSD increments for Class
IT areas, representing percentages equal to or less than about 32, 3, and 67% of the maximum
allowable Class II PSD increments for NO,, SO,, and PM,, respectively.

e HAPs impacts are expected to be small, except for formaldehyde.

Far-field modeling results indicated that:

e The maximum far-field impacts of criteria air pollutants due to the Wyoming project source
emissions were shown to occur at the Northern Cheyenne Indian Reservation, the closest
Class I sensitive receptor area.

e The concentration increases in NO,, SO,, and PM; due to the Wyoming project emissions
are expected to be less than the maximum allowable PSD increments for all mandatory Class
I areas and all alternatives. The concentration increases attributable to the emissions from
Wyoming project sources are lower than those attributed to non-Wyoming project source
emissions for all criteria pollutants examined.

e The number of days per year with visibility degradation equal to or greater than 1 deciview
due to emissions from the Wyoming project sources was estimated to be on average
approximately 4 days for the Preferred Alternative (at the sensitive receptors). The highest
value (20 days) was modeled at the Crow Indian Reservation under the Preferred Alternative.

e For Florence Lake, the estimated potential change in acid neutralizing capacity (ANC) due to
emissions from all sources under the Preferred Alternative is slightly above 10%, which is the
limit of acceptable change (LAC) threshold for lakes with background ANC values greater
than 25 microequivalents per liter (neq/L), as used for this study. For Upper Frozen Lake, the
estimated potential change in ANC is greater than 1 peq/L, which is the LAC threshold for
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lakes with background ANC values less than 25 peq/L. In both cases, the impact is mostly due
to non-Wyoming sources, likely because the lakes are generally upwind of the PRB.

e For other sensitive lakes, the estimated potential changes in (ANC) due to Wyoming project
sources and cumulative sources for all alternative combinations evaluated are less than 10%
(the applicable LAC threshold for lakes with background ANC values greater than 25 peq/L).

Finally, the assessment report indicated that mitigation options for NO, and fugitive dust were to
be considered.

PRB Coal Review

Four studies comprise the PRB Coal Review (ENSR 2005a). These focused on current conditions
(for 2002), and cumulative effects for three (at the time) future years including 2010, 2015,
and 2020.

Current Conditions

To establish the current conditions, ENSR (ENSR 2005a) prepared a summary of 2002 air quality
in the PRB area. The Wyoming portion of the study area included Campbell, Sheridan, and
Johnson counties excepting the Bighorn National Forest lands to the west of the PRB, and the
northern portion of Converse County. The Montana portion of the PRB study area included
portions of Rosebud, Custer, Powder River, Big Horn, and Treasure counties (where coal mines
are located).

This assessment of current conditions included the application of the CALPUFF air quality
model (version 5) using MM5/CALMET-derived meteorological inputs for 1996 and emission
inputs for a base year of 2002. The modeling domain included most of Wyoming, southeastern
Montana, southwestern North Dakota, western South Dakota, and western Nebraska. The
assessment focused on criteria pollutants (NO,, SO,, CO, PM,( and PM, 5), HAPS, visibility,
and acid deposition. Impacts from different source groups were evaluated, including CBNG
sources, coal-related sources, coal mines, non-coal sources, power plants, Wyoming sources,
Montana sources, and all sources.

Modeled impacts of the cumulative sources showed predicted values that were greater than the
24-hour PM, standards at near-field receptors, both in Wyoming and Montana. These impacts
are primarily attributable to nearby sources and result in concentrations that exceed the NAAQS
by approximately 15% for the Montana receptors and by more than a factor of two for the
Wyoming receptors. These impacts only affect the near-field receptors. Modeled impacts of other
criteria air pollutants were shown to be well below the NAAQS as well as the individual state
AAQS for all receptors. Visibility in Class I and in sensitive Class II areas was affected with
impacts above 1 deciview for several modeled days. Impacts on acid deposition were shown to be
well below established guidelines.

The CALPUFF results were used to quantify the relative impacts from sources/source categories
for each receptor. Results vary by receptor, pollutant and AQRV. Coal-related (and CBNG)
sources were shown to have their greatest impacts at the near field receptors. Coal-related sources
were estimated to comprise 50% or more of the overall (all sources) impact at numerous Class

I and Class II receptors. CBNG was associated with up to 30% of the coal-related impact —

this varied by receptor, pollutant and AQRV.

Cumulative Effects 2010
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ENSR (ESNR 2006) conducted additional modeling to examine the effects of Reasonably
Foreseeable Development (RFD) for 2010. The modeling approach was the same as that used
to establish the current conditions, except that emissions from existing sources were adjusted to
represent 2010 levels in accordance with RFD. The types of sources considered included power
plants, coal mines, conventional oil and gas, CBNG, and other coal-related energy development
sources.

This study examined two scenarios, a lower production (or development) scenario and a higher
production scenario. The study evaluates impacts on air quality and air quality-related values
resulting from projected development of RFD activities in the study area. For Wyoming, these
include coal mine development as well as coal-related activities (i.e., railroads, coal-fired power
plants, major transmission lines, and coal technology projects) and non-coal-related activities
(i.e., other mines, CBNG, conventional oil and gas, major transportation pipelines, and key water
storage reservoirs) in the Wyoming PRB study area. For Montana, these include coal mine
development and coal-related activities in the Montana PRB study area.

For both development scenarios, the modeled near-field concentrations for all criteria pollutants
were shown to increase in accordance with the increase in emissions. Maximum 24-hour PMj 5
concentrations for the Wyoming receptors were estimated to be 13% higher (compared to current
conditions) for the lower development scenario and 31% higher for the upper development
scenario. Annual PM, 5 concentrations for the Wyoming receptors were estimated to be 15%
higher for the lower development scenario and 35% higher for the upper development scenario.
The results are similar for the Montana receptors. For both receptor groups (Wyoming and
Montana), modeled impacts above the ambient standard occurred at a small number of near-field
receptors, and impacts decrease dramatically away from these locations.

Modeled visibility impacts at the identified Class I areas indicated an increase in the number of
days with impacts above 1 deciview. The greatest visibility impacts were modeled at Badlands,
Theodore Roosevelt, and Wind Cave National Parks, with an increase in the number of days
exceeding 1 deciview of less than or equal to 26 days per year. The modeling results indicated a
greater increase in the number of days with degraded visibility at certain of the Class II areas,
including Agate Fossil Beds National Monument (30 days), Fort Laramie National Historic Site
(30 days), and Soldier Creek Wilderness Area (29 days).

For acid deposition of nitrogen and sulfur compounds, the modeling results indicated substantial
percentage increases in deposition under the lower and upper development scenarios. Impacts
were estimated to be below the threshold values (with the exception of Florence Lake and Upper
Frozen Lake). In this study, the modeled impacts were primarily attributable to coal-related
sources and power plants, including sources from both Montana and Wyoming.

Model results selected HAPs emissions (benzene, ethyl benzene, formaldehyde, n-hexane,
toluene, and xylene) for the 2010 upper development scenario estimated impacts to be above
the acute Reference Exposure Level (REL) for formaldehyde at two receptors in Wyoming.
The modeled impacts for the 2010 lower development scenario reflected the same patterns as
the 2002 base year.

Cumulative Effects 2015

ENSR (ESNR 2008) conducted additional modeling to examine the effects of RFD for 2015. The
modeling approach was the same as that used for the current conditions and 2010 analyses,
but an updated version of the CALPUFF model (version 5.8) was used and the model inputs
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were also updated. MM5/CALMET-derived meteorological inputs for 2003 were used. The
emissions inputs were derived using 2004 base-year emissions projected to 2015. The types of
sources considered included power plants, coal mines, conventional oil and gas, CBNG, and
other coal-related energy development sources.

For the Wyoming near-field receptors, the 24-hour PM, and PM, 5 concentrations included
localized values that were greater than the NAAQS for the base year (2004), as well as for both
development scenarios for 2015. The modeling results for the 2015 development scenarios
indicated an increase in concentration of about a factor of two, relative to the base year for these
parameters, primarily due to CBNG operations and coal mining activities. Additionally, a 30 to
50% increase of annual PM;, and PM, 5 concentrations at the Wyoming near-field receptors was
also predicted. This level of increase would lead to values greater than the annual standards for
both PM;y and PM, 5. Impacts of NO, and SO, emissions are predicted to be below the NAAQS
and WAAQS at the Wyoming near-field receptors.

Modeled impacts at Montana near-field receptors indicated compliance with the NAAQS and the
Montana AAQS for all pollutants and averaging periods except the 1-hour NO,.

Modeled visibility impacts at Class I and Class II areas showed an increase in the number of days
with impacts above 1 deciview, compared to the 2004 base year, by as much as 36 days for the
lower development scenario 47 days for the upper development scenario.

For acid deposition of nitrogen and sulfur compounds, the modeling results indicated substantial
percentage increases in deposition under the lower and upper development scenarios. Impacts
were estimated to be below the threshold values (with the exception of Florence Lake and Upper
Frozen Lake). As for 2010, the modeled impacts were primarily attributable to coal-related
sources and power plants, including sources from both Montana and Wyoming.

Model results for the base year (2004) and 2015 development scenarios predicted impacts to be
well below the acute RELs, Reference Concentrations for Chronic Inhalation, and carcinogenic
risk threshold for hazardous air pollutants. Benzene exposure was predicted to increase by 50% as
a result of projected PRB development, but even with this increase the risk is below carcinogenic
risk thresholds.

Cumulative Effects 2020

AECOM (ESNR 2009b) conducted additional modeling to examine the effects of RFD for 2020.
The modeling approach was the same as that used for the 2015 analyses.

For the Wyoming near-field receptors, the modeled impact of the 24-hour PM, and PMj 5
concentrations showed localized values greater than the NAAQS for the base year (2004), as well
as for both development scenarios for 2020. For the 2020 development scenarios, concentrations
of these parameters were shown to increase by a factor of 2.5 relative to the base year, primarily
due to CBNG operations and coal mining activities. Annual PM;, and PM, 5 concentrations at
peak Wyoming near-field receptors were shown to increase by about 20%, commensurate with
modeled values greater than the annual standards for PM; 5. Impacts of NO, and SO, emissions
were predicted to be below the NAAQS and Wyoming AAQS at the Wyoming near-field receptors.

Modeling results for the Montana near-field receptors showed compliance with the NAAQS and
the Montana AAQS for all pollutants and averaging periods. The 1-hour NO, concentrations at
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Montana near-field receptors were predicted to exceed the AAQS for 2015, but not for 2020. The
authors suggest that this is due to a southward relocation of CBNG wells.

Modeled visibility impacts at Class I and Class II areas were shown to increase in the number of
days with impacts above 1 deciview, compared to the 2004 base year, by up to 59 days for the
lower development scenario and up to 60 days for the upper development scenario.

The model results indicated that the increased deposition, especially from SO, emissions from
power plants, contributed to modeled values greater than the ANC thresholds at Florence Lake
and Upper Frozen Lake. The authors suggest that increased growth in power plant operations
(presumably especially upwind of the sensitive lakes) would further reduce the ANC of the
sensitive lakes and that this issue should be carefully examined for each proposed future
development project.

PRB-1I

This ongoing study is another model based air quality impact assessment for the Powder River
Basin (in Montana and Wyoming). Currently, the only available reference is a proposal by
AECOM (2009).

The geographic area of interest is the Montana and Wyoming portions of the Powder River Basin.
Types of sources to be considered include CBNG, conventional O&G development sources,

and coal in the Wyoming and Montana portions of the PRB. Pollutants of interest are: criteria
pollutants (ozone, NO,, SO,, CO, PM;, PM; 5), HAPS, visibility, deposition (lake chemistry).
Note that this is the first modeling analysis to include ozone as a pollutant of interest.

The proposed modeling approach includes the use of the Weather Research and Forecasting
meteorological model and the Comprehensive Air Quality Model, with Extensions photochemical
air quality model. The proposed modeling domain includes a high resolution (4-kilometer) grid
over the PRB study area. The analysis is expected to examine a 2008 base-year. Future-year
modeling for 2020, 2030, and possibly 2035 is also proposed. The modeling analysis is in
progress; results are not available at this time.

WRAP-III

To support future modeling studies of the area, Environ (2011) conducted an analysis of the
criteria pollutant emissions for oil and gas exploration and production operations in the PRB. This
study did not perform modeling. The study focused on emission inventory development only for
the year 2006. The emissions totals for the PRB for 2006 are 21,086 tons of NOy and 14,367
tons of VOC. Overall, compressor engines accounted for approximately 44% and drilling rigs
accounted for approximately 27% of basin-wide NO, emissions. Pneumatic devices, well fugitive
devices, and compressor engines accounted for approximately 61% of basin-wide VOC emissions.

Summary

In summary, recent modeling and modeling-related studies of the PRB have provided quantitative
information on the potential effects of various development scenarios on air quality and
deposition throughout the region as well as the relative contribution of various sources/source
categories to air quality impacts. The PRB-I modeling (using CALPUFF) showed that planned
development would result in air quality impacts, including some localized values greater than the
air quality standards for PM;( and PMj, 5, and degraded visibility at nearby Class I and Class 11
areas. Additional modeling conducted in support of a multi-year coal review study (also using
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CALPUFF) found that coal-related (and CBNG) sources were shown to have their greatest
impacts at the near field receptors. For a base-year of 2002, coal-related sources were estimated to
comprise 50% or more of the overall impact at numerous Class I and Class II receptors. CBNG
was associated with up to 30% of the coal-related impact — this varied by receptor, pollutant, and
AQRYV. Additional modeling for 2010, 2015 and 2020 indicated that RFD would result in air
quality impacts, including some localized values greater than the air quality standards for PM;
and PM, 5, degraded visibility at nearby Class I and Class II areas, and increased deposition to
sensitive lakes. An additional modeling study (PRB-II) includes the use of improved, state-of-the
science modeling tools (such as Weather Research and Forecasting and Comprehensive Air
Quality Model, with Extensions ) and is expected to extend the impacts analysis out to 2020,
2030, and possibly 2035. Two additional projects have focused on analysis of the emissions
within the region, and the results from these studies may be useful for future modeling.

3.1.1.5. Trends

This section evaluates the recent trends in air quality in the Buffalo planning area by examining
criteria pollutant, visibility, and deposition data collected at various monitoring sites in and near
the planning area. It should be notes that no statistics were computed to quantify the actual trends
or their significance attributes. Rather, all discussions below related to the various trends are
derived from simple visual inspection of the data.

Air Pollutant Concentrations

Air quality data collected at the various monitors in the Buffalo planning area (see Table 3.1,
“Air Quality Monitoring Sites in and Near the Buffalo Planning Area” (p. 190)) are presented
for PM;y, PM, 5, SO,, and ozone. Figure 3.2, “Peak 24-Hour Average Particulate Matter
Concentrations in Sheridan, Wyoming” (p. 200) shows annual peak 24-hour average PM;
concentrations at the Sheridan site for the period 2000 to 2011. The data are depicted as
percentages of the 24-hour standard. Although the peak concentration for 2007 was over the
standard, recent measurements of 24-hour PM at the Sheridan site are well below the standard,
and there is a slight downward trend since 2008.
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Figure 3.2. Peak 24-Hour Average Particulate Matter Concentrations in Sheridan, Wyoming

Figure 3.3, “Annual Average PM,; 5 for the Sheridan Highland Park Site” (p. 201) presents annual
average PM, 5 data collected at the Sheridan Highland Park monitor for the period 2005 to 2011.
The data are plotted as a percentage of the PM, s NAAQS. As for PM,, concentrations ofPM, sin
the Sheridan area are well below the annual average NAAQS. Unlike the peak 24-hour average
PM;, concentrations measured at the Sheridan County Police Station site, with values at 60% or
more of the standard in recent years, concentrations of annaul average PM; 5 in the Sheridan area
are well below the annual average NAAQ:s.
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Figure 3.3. Annual Average PM; 5 for the Sheridan Highland Park Site

Figure 3.4, “Fourth Highest Eight-Hour Average Ozone for the Thunder Basin Special Purpose
Monitoring Site” (p. 202) presents the fourth highest 8-hour average ozone data for the Thunder
Basin site for the period 2001 to 2011. These data are used to determine the area’s ozone “design
value,” which is calculated as the 3-year average of the fourth highest observed concentration.
The most recent design value for the Thunder Basin site for the period 2009 to 2011, is 62 parts
per billion (ppb), which is close to the current 8-hour ozone NAAQS of 75 ppb. Although the
data vary year to year during this period, there is no discernable trend in the fourth highest 8-hour
ozone concentrations at this site.

Chapter 3 Affected Environment
Air Quality June 2013




Buffalo Draft RMP and EIS 203

80

70 -

60 -
50 -
40
30 -
20 -
10
0 - . . . . . . . . . .

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Ozone Concentrations (ppb)

Year

Source: Wyoming DEQ 2013

ppb parts per billion

Figure 3.4. Fourth Highest Eight-Hour Average Ozone for the Thunder Basin Special
Purpose Monitoring Site

Monitoring sites at Buffalo and Sheridan as part of the WARMS network provide a summary

of observed concentrations of sulfur and nitrogen compounds in the planning area. Figure 3.5,
“Weekly SO, Concentrations (pug/m3) — Buffalo WARMS Monitor” (p. 203) through Figure 3.8,
“Weekly NH4 Concentrations (ug/m3) — Buffalo WARMS Monitor” (p. 206) present weekly
average concentrations of SO,, sulfate (SO4), NO3, and ammonium (NHy), respectively, for

the Buffalo site for the period 2003 to 2011. Figure 3.9, “Weekly SO, Concentrations (png/m3)

— Sheridan WARMS Monitor” (p. 207) through Figure 3.12, “Weekly NH4 Concentrations
(ug/m3) — Sheridan WARMS Monitor” (p. 210) present similar measures for the Sheridan

site. There are data missing for a number of weeks throughout this period, especially in 2008.
The data show weekly and seasonal variations in these compounds at both sites, with no real
discernible long-term trends over this period. Observed concentrations of SO,, SOy, and NOs, are
consistently higher at the Sheridan site in the northwest portion of the planning area compared to
the Buffalo site. Observations of NH4 are comparable at both sites during this period.
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Figure 3.7. Weekly NO3; Concentrations (ug/m3) — Buffalo WARMS Monitor
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Figure 3.12. Weekly NH4 Concentrations (ug/m3) — Sheridan WARMS Monitor

Visibility

An assessment of the general trends in visibility was conducted by examining weekly and annual
average SVR estimates for the Thunder Basin, Cloud Peak, and Badlands IMPROVE monitors.
There are several national parks, wilderness areas, national monuments, national memorials, and
national trails in or near the Buffalo planning area. Table 3.4, “Class I and Class Il Areas in or
near the Buffalo Planning Area” (p. 211) lists these areas, which are designated Class I or Class II
areas in accordance with the CAA. Although there are a number of Class II areas in and near the
Buffalo planning area, there are no Class I areas in the planning area. The nearest Class I areas are
Wind Cave National Park and Badlands Wilderness Area, both in South Dakota.

Table 3.4. Class I and Class II Areas in or near the Buffalo Planning Area

Closest Distance to | Direction from the Clean Air Act
Area Type Area Name the Buffalo Planning| Buffalo Planning Designation of
Area (miles) Area the Area
National Park Wind Cave National 110 East Class |
Park
Recreation Area M1ssour.1 Natlopal 275 North and East Class 1I
Recreational River
Wilderness Areas Cloud Peak In Western edge of Class 11
Wilderness Area Planning Area
Badlands Wilderness 150 East Class 1
Area
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Closest Distance to | Direction from the Clean Air Act
Area Type Area Name the Buffalo Planning| Buffalo Planning Designation of
Area (miles) Area the Area
National Forests Bighorn National Near western edge of
In . Class 11
Forest Planning Area
Black Hills National 20 East Class 11
Forest
Thunder Basin In Eastern quarter of Class 11
National Grassland Planning Area
National Monument |Devils Tower National 20 East Class 11
Monument
Historic Trail Lewis and Clark
National Historic 140 North Class 11
Trail
National Memorial Mognt Rushmorg: 100 Eastt Class 11
National Memorial

Source: NPS 2006

As noted above, data collected at the Thunder Basin National Grasslands and Cloud Peak
Wilderness IMPROVE monitoring sites have been used indirectly to measure visibility in

the planning area. Figure 3.13, “Annual Visibility (SVR) for the Thunder Basin IMPROVE
Site” (p. 212) presents visibility data for the Thunder Basin IMPROVE site for the period

2004 to 2005, and Figure 3.14, “Annual Visibility (SVR) for the Cloud Peak IMPROVE

Site” (p. 213) presents visibility data for the Cloud Peak IMPROVE site for the period

2003 to 2010. Figure 3.15, “Weekly Visibility (SVR) for the Thunder Basin IMPROVE

Site” (p. 214) presents weekly visibility data for the Thunder Basin IMPROVE site for the
period 2003 to 2010, and Figure 3.16, “Weekly Visibility (SVR) for the Cloud Peak IMPROVE
Site” (p. 215) presents week visibility data for the Cloud Peak IMPROVE site for the period 2003
through 2010. According to the EPA, “In our nation’s scenic areas, the visual range has been
substantially reduced by air pollution. In eastern parks, average visual range has decreased from
90 miles to 15-25 miles. In the West, visual range has decreased from 140 miles to 35-90 miles.”
A comparison of these numbers and data from the two sites indicates that they are consistent and
show very good to excellent visibility ranges in the planning area, even for the 20% haziest days.
Although there are not enough data to discern trends at the Thunder Basin site, the 8-year record
for the Cloud Peak site does show a very slight improvement in visibility during the last four
years of this period. These data also show that visibility is consistently better at the Cloud Peak
Wilderness site compared to the Thunder Basin site.
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Figure 3.13. Annual Visibility (SVR) for the Thunder Basin IMPROVE Site
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Figure 3.14. Annual Visibility (SVR) for the Cloud Peak IMPROVE Site
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Figure 3.15. Weekly Visibility (SVR) for the Thunder Basin IMPROVE Site
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Figure 3.16. Weekly Visibility (SVR) for the Cloud Peak IMPROVE Site

In addition to visibility measurements in the Buffalo planning area, Figure 3.17, “Annual
Visibility (SVR) for the Badlands National Park IMPROVE Site” (p. 216) presents SVR
visibility estimates for the Badlands National Park site located east of the planning area for the
period 2003 to 2010, and Figure 3.18, “Weekly Visibility (SVR) for the Badlands IMPROVE
Site” (p. 217) presents weekly visibility estimates for the Badlands National Park site east of the
planning area for this same period. The visibility estimates for the Badlands site are lower than
those for the Thunder Basin and Cloud Peak sites, but there is no discernible trend in visibility
during this period at the Badlands monitor.
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Figure 3.17. Annual Visibility (SVR) for the Badlands National Park IMPROVE Site
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Figure 3.18. Weekly Visibility (SVR) for the Badlands IMPROVE Site

Atmospheric Deposition

There are no NADP or CASTNet/WARMS stations in the planning area, but wet deposition
measurements are available for the Newcastle NADP monitor located just east of the area.
Figure 3.19, “Mean Annual Wet Deposition (kilogram per hectare per year) — Newcastle,
Wyoming NADP Site” (p. 218) presents mean annual wet deposition for NHy, NOs, and SOy,
for the period 2003 to 2011. There are no discernible long-term trends in these measurements
over this period. Wet nitrogen deposition (of NH, and NO3) is exceeding the current LOCs at
the Newcastle monitor for this period, and wet sulfur deposition does not exceed the LOC at
this site during this period.
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Figure 3.19. Mean Annual Wet Deposition (kilogram per hectare per year) — Newcastle,
Wyoming NADP Site

Hazardous Air Pollutants

Existing sources of HAPs, criteria pollutants, and greenhouse gases in the planning area include
fossil fuel combustion that emits HAPs, and oil, gas, and coal development operations that emit
VOCs, NOy,; and hydrogen sulfide (H,S). In addition, large fires are a source of HAPs emissions.
The growth in resource development and accompanying increases in emissions from these types
of sources will depend on a number of external factors that make it difficult to estimate actual
trends in these pollutants in the planning area.

Climate Change

In 2001, the Intergovernmental Panel on Climate Change (IPCC) pointed out that by 2100, global
average surface temperatures would increase 2.5 to 10.4 °F above 1990 levels (Intergovernmental
Panel on Climate Change 2007). The National Academy of Sciences (National Academy of
Sciences 2006) has confirmed these findings, but also indicated that there are uncertainties
regarding how climate change could affect different regions. Computer model forecasts indicate
that increases in temperature will not be evenly or equally distributed, but are likely to be
accentuated at higher latitudes. Warming during the winter months is expected to be greater than
during summer months, and increases in daily minimum temperatures would be more likely
than increases in daily maximum temperatures.
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The lack of scientific tools designed to predict climate change at regional or local scales limits
the ability to quantify potential future impacts. However, potential impacts to air quality due to
climate change are likely to be varied. There are several activities (oil, gas, and coal development;
large fires; livestock grazing; and recreation using combustion engines) in the planning area that
could generate greenhouse gas emissions (CO, and CHy).

To address the potential adverse consequences of climate change, the EPA has undertaken a
number of regulatory initiatives in recent years to reduce greenhouse gas emissions. This started
in 2009 with a finding under the CAA identifying the key constituent gases that threaten public
health and welfare and contribute to climate change. An initiative was developed for mobile
sources by setting engine and fuel standards to cut greenhouse gases and fuel use for new motor
vehicles, and the implementation of a renewable fuel standard aimed at decreasing oil imports and
reducing greenhouse gases. Another initiative addresses stationary sources to limit greenhouse
gases for power plants and other large industrial facilities. The EPA also initiated a national
greenhouse gas emissions reporting program for large emitters. Most recently (2012), EPA
finalized regulations to reduce pollution from the oil and natural gas industry which is expected
to result in substantial reductions in VOC emissions, air toxics, and methane, an important
greenhouse gas. These actions, initiatives, and regulations will impact activities in the planning
area, especially those related to oil and natural gas development, in an overall effort to balance
growth in resource development with continued reductions in key greenhouse gas emissions.

Summary of Air Quality Trends

Available air quality data for recent years for a number of criteria pollutants examined for various
monitors in and near the Buffalo planning area do not show any major upward or downward trends
over the period of record. Concentrations of PM, 5 and the fourth highest 8-hour average ozone
concentration are consistent year to year, without any discernible trends. Although trends were
not explicitly calculated for SO,, SO4, NO3, and NHy, the data do not indicate any major trends
for the 9-year period examined for the Buffalo and Sheridan sites. The visibility data collected at
the Cloud Peak and Thunder Basin sites show very good to excellent visibility, even for the 20%
haziest days, with a very slight degradation observed at the Cloud Peak monitor during the last few
years of the 8-year period of record. The data collected at the Badlands National Park IMPROVE
site show generally lower estimates of visibility range compared to Cloud Peak and Thunder
Basin, with no distinct trend in visibility range during the period 2003 to 2010. Wet-deposition
data for NHy4, NO3, and SOy, for the Newcastle NADP site east of the planning area also show no
distinct trend in deposition over the 2003 to 2011 period examined in this analysis.

3.1.1.6. Key Features

Key features for air quality are CAA mandatory Class I areas near the planning area and Class II
areas in and near the planning area, including Cloud Peak Wilderness, Bighorn National Forest,
Thunder Basin National Grassland, and Black Hills National Forest. Sensitive lakes or lakes
sensitive to deposition of acidic atmospheric chemical species in the planning area would be
found primarily in the Cloud Peak Wilderness of the Bighorn National Forest. An examination of
the most recently available data indicates that the planning area is currently in attainment of all
applicable national and State of Wyoming ambient air quality standards.
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3.1.2. Geological Resources

3.1.2.1. Regional Context

Most of the Buffalo planning area occurs in the Wyoming portion of the Powder River Basin.
The Powder River Basin is bordered to the west by the Big Horn Mountains, to the south by

the Casper Arch, Laramie Range and the Hartville Uplift, and to the east by the Black Hills.
The Powder River Basin is an asymmetrical syncline with an axis that trends in a general
northwesterly direction, and extends from northeastern Wyoming north into southeastern
Montana. The Powder River Basin formed through a combination of structural deformation and
infilling. Thick sedimentary deposits, which include some of the largest known deposits of coal
in the world, overlie Precambrian-age crystalline basement rock in the Powder River Basin; the
deepest sedimentary rocks are found along the basin axis (close and approximately parallel to the
Big Horn Mountains) and could be more than 18,000 feet thick (Tryhorn 1987). Numerous areas
of geological beauty and interest occur in the planning area, including the Red Wall (tilted red
sandstone exposed in the southern Big Horns), cave and karst-formations (areas of limestone and
dolomite in the southern Big Horns), the Pumpkin Buttes (several largish relatively-flat butte-like
erosional remnants near the Powder River), Dry Creek Petrified Tree Environmental Education
Area (EEA) (area containing exposed logs and trunk portions of petrified trees), and numerous
scoria hills (small butte-like to ridge-like erosional remnants capped by reddish clinker). Refer
to the Mineral Occurrence and Development Potential Report (BLM 2009¢) for more detailed
geological information for the Buffalo planning area.

3.1.2.2. Indicators

None of the geological features occurring on public lands in the Buffalo planning area are
considered unique enough to be under special management or conservation measures. However,
caves will be managed under cave management plans, as discussed in Cave and Karst Resources.
The Dry Creek Petrified Tree EEA area is a unique feature, and is under special management
due to its special paleontological value, as discussed in Paleontological Resources. Coal is not a
unique occurrence, however the very large amount of coal present in the Powder River Basin is
fairly unique (see Leasable Minerals — Coal for more information). Crude oil and natural gas are
similarly not unique, but the occurrence of the large volumes of natural gas in much of the coal in
the Powder River Basin is fairly unique (see Leasable Minerals — Fluids for more information).

As there are no key geological features in the planning area, there are no factors that relate their
changing condition. However, mass wasting (i.e., rock falls, landslides, slumps, etc.) and other
erosional processes can alter external topography and some landforms in the planning area, and
coal seam fires often occur in the Powder River Basin (see Health and Safety). The remaining
geological resources in the planning area are minerals (see Mineral Resources and the individual
mineral resource categories for information regarding indicators for the mineral resources).
Mineral resources currently being developed in the planning area include coal, crude oil, natural
gas, bentonite, uranium, aggregate (sand and gravel), clinker (porcellanite; locally called “scoria”
due to its sometimes resembling that volcanic rock), moss rock, and stone. Other minerals are
known to occur in the planning area (e.g., gypsum, geothermal resources, rare earth elements
[REEs], and many others), however these have not been economically feasible to develop. Based
on economic forecasts, that situation is not expected to change during the planning period (see
Mineral Resources).
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The minerals currently being explored for and developed in the planning area are coal, crude oil,
natural gas, bentonite, uranium, sand, gravel, clinker (porcellanite; locally called “scoria”), and
stone. See Mineral Resources for more information on these minerals. Coal, oil, and natural
gas are extremely important mineral commodities in the Powder River Basin; extraction of
these minerals and ranching are the biggest income-producing industries in the planning area
(see Social and Economic Resources). Over 80% of all coal mined on federal lands in the
United States comes from the Buffalo planning area. See also Leasable Minerals — Coal and
Leasable Minerals — Fluids for more information regarding these resources. Table 3.5, “Some
Important Mineral-bearing Formations in the Buffalo Planning Area” (p. 222) lists some of the
most important mineral-bearing rock and rock strata in the planning area (generally listed from
youngest to oldest, and from least to greatest depth) (Love et al. 1993).

Table 3.5. Some Important Mineral-bearing Formations in the Buffalo Planning Area

Strata Name Geological Age

Description

Alluvium (sand and
gravel deposits)

Clinker Quaternary
(Porcellanite;
locally called
“Scoria”)

Sand and gravel eroded from Paleozoic- through Precambrian-aged rocks
in the Big Horn Mountains is found in terrace deposits scattered across
much of the surface of the planning area. See Salable Minerals.

Numerous areas of reddish, relatively resistant clinker (porcellanite; called
“scoria” locally) occur across the planning area, often as outcrops capping
hills and ridges. Clinker forms when the rock and sediment overlying a
burning coal seam become baked by the heat being produced. Clinker's
sometimes melted and vesicular (bubbly-looking) texture can make it hard
to distinguish from true scoria (a volcanic rock), hence its local nickname.
See Salable Minerals.

White River

Formation Oligocene

Only a few outcrops of this formation occur in the planning area; these cap
the Pumpkin Buttes. Known to contain important fossils and has a high
Potential Fossil Yield Classification. See Paleontological Resources.

Wasatch Formation | Eocene

Approximately 45% of the surface outcrops in the planning area.

Contains numerous coal seams of varying thickness, quality, and areal
extent. Natural gas often forms within these coals (coal-bed natural gas,
or CBNG), and CBNG can be found almost everywhere in the Powder
River Basin where coal is found. See also Leasable Minerals — Coal and
Leasable Minerals — Fluids.

Contains numerous areas of clinker, often as outcrops capping hills and
ridges. See Salable Minerals.

Contains sandstone beds and lenses that can have “roll-front” deposits

of uranium; these formed where dissolved uranium carrying along by
groundwater solidified, usually where it contacted carbon-rich areas in the
sandstones. See Locatable Minerals.

Contains much of the petrified wood found in the Powder River Basin,
including that in the Dry Creek Petrified Tree EEA (see Paleontological
Resources).
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Strata Name Geological Age Description
Approximately 30% of the surface outcrops in the planning area.
Like the Wasatch Formation, also contains numerous coal seams of varying
thickness, quality, and areal extent, which also often contain CBNG. Almost
Fort Union 40% of U.S. coal currently mined comes from the Wyodak-Anderson coal
. Paleocene zone. See Leasable Minerals — Coal and Leasable Minerals — Fluids.
Formation
Clinker occurs in numerous areas, mostly where coal seams became
exposed along the Powder River Basin margins and burned; for example,
the Rochelle Hills east of Gillette and Wright formed by natural burning of
the Wyodak-Anderson coal zone. See Salable Minerals.
This sandstone varies in thickness and quality throughout the Powder
. River Basin, and serves as the major fresh-water aquifer in the planning
Fox Hills Upper hi . . ities th . 0
Sandstone Cretaceous area. Fpr this reason, it is protected during activities that could adversely
affect it, such as oil and gas development. See Water Resources, and
Leasable Minerals — Fluids.
The Clay Spur Bentonite bed occurring near the contact between these two
formations is the main source of bentonite mined in the planning area;
Frontier Formation U thinner beds in the Frontier Formation are also mined. See Locatable
. pper ;
and underlying Cretaceous Minerals.
Mowry Shale
The lower portion of the Mowry Shale contains oil. See Leasable Minerals
— Fluids.
Gypsum Spring ] . Contains numerous gypsum beds of varying thickness, quality, and areal
. urassic .
Formation extent. See Locatable Minerals.
Parkman Sandstone U These formations are the most prolific and most widespread crude
Sussex Sandstone Cfer‘)c zZeouS oil-producing formations in the Powder River Basin; they can also yield
Shannon Sandstone natural gas.
Muddy Sandstone . . . . . .
Lower Other formations also yield oil and gas in the Powder River Basin, but the
Dakota and Lakota Cretaceous Is within those f . dtob localized
Sandstones pools within those formations tend to be more localized.
Minnelusa/ Pennsylvanian See Leasable Minerals — Fluids.
Tensleep Sandstone
Source: Love et al. 1993
CBNG Coalbed Natural Gas
EEA Environmental Education Area

Although there is some potential for geothermal energy development in the planning area, current
knowledge of this resource leads to the belief that it is not, and may never be, economically
viable for most current commercial uses due to the relatively low temperatures measured even at
relatively great depths (120 °F or 49 °C at over 8,000 feet near the western Powder River Basin
margin, to 185 °F or 85 °C at over 12,000 feet near the Powder River Basin axis [WOGCC
2010]). The relatively great thickness of the sedimentary rocks in the Powder River Basin
(possibly up to 18,000 feet [Tryhorn 1987]) and the non-volcanic/non-igneous formation history
of the Big Horn Mountains, leads to the relatively low bottom-hole temperatures seen in deep
oil/gas wells. Although some commercial uses of low-temperature geothermal energy (up to 194
°F or 90 °C) can be economically viable (BLM 2008d), the depths are likely too deep to make
development economically feasible (BLM 2008d; Williams et al. 2008; DOE 2006; National
Oceanic and Atmospheric Administration 1983). No commercial low-temperature geothermal
energy projects are known to exist in the planning area, although many of these types of projects
could be incompatible with current land uses. Most knowledge of this resource comes from
bottom-hole temperatures (the temperature measured at the deepest point in a wellbore) in oil
and gas wells, and very little geothermal exploration has been performed in the planning area
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(Williams et al. 2008; DOE 2006; National Oceanic and Atmospheric Administration 1983).
Only with more exploration will the extent of this resource in the planning area, and the likelihood
for its development, become more fully understood. To date, no lands in the planning area have
been nominated for competitive geothermal leasing, nor have any leases or nominations for leases
for geothermal energy been received for the planning area. See Leasable Minerals — Fluids.

There is some potential for REEs in the planning area, although current knowledge of this
resource is limited to mostly unconfirmed reports of occurrences and geochemical analyses.
See Locatable Minerals for more information.

To date, no carbon dioxide sequestration projects (also called CO, Capture and Storage [CCS])
exist on public lands in the planning area, nor have any proposals been received. However, due
to climate change-related legislation, sequestration (long-term storage) of this greenhouse gas

is being studied and researched. The geological formations currently identified as being most
suitable for CO, sequestration are unmineable coal seams, depleted oil and gas reservoirs, and
saline geological formations (Burruss et al. 2009; Intergovernmental Panel on Climate Change
2005). There are numerous oil and gas reservoirs and unmineable coal seams, and several saline
geological formations, in the Powder River Basin. Wyoming and several other U.S. states are
thought to be ideal for CO, sequestration projects: they have relatively high potential CO, storage
capacity in “suitable” formations (relatively common formations in these states) and they have
relatively “quiet” geological settings (tendency to have fewer earthquakes/earth movements
and in lower magnitudes) (Intergovernmental Panel on Climate Change 2005). The current
direction regarding CO, sequestration projects on public lands is that they would be handled as
rights-of-way (ROW); see Rights-of-Way and Corridors.

There are a number of geological and other natural hazards in the planning area, including coal
seam fires, ground subsidence, H,S gas, abandoned mine lands (AMLs), and landslides. See
Health and Safety for more information.

3.1.2.4. Trends

As discussed above, the geological resources managed in the Buffalo planning area consist
of mineral resources. See Mineral Resources for information regarding trends for the various
individual mineral resources.

As the development of alternative energy sources increases in the United States and worldwide,
it could become economically viable to develop the low-temperature geothermal resources in
the Powder River Basin in the future, even at the relatively great depths at which it occurs. If
geothermal resources in the planning area become a development target in the future, the Buffalo
Field Office would likely administer this resource in a manner similar to that of other field offices
with existing geothermal energy programs (see Leasable Minerals — Fluids).

Almost the entire Powder River Basin could be targeted for CO, sequestration projects. The
geological formations currently identified as being most suitable for CO, sequestration are
abundant throughout the entire Powder River Basin. Although no CO, sequestration projects
have been proposed for public lands in the planning area, it is quite likely that such projects may
be proposed in the future.

The geological and natural hazards in the Buffalo planning area, and their changing conditions
and trends, are addressed in Health and Safety.
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3.1.2.5. Key Features

As discussed under Regional Context and Indicators, above, key geological features are discussed
in other sections such as Paleontological Resources (Dry Creek Petrified Tree EEA) and Cave
and Karst (caves and karst areas). Mineral-related features, such as coal, oil and gas, bentonite,
uranium, aggregate (sand and gravel), and clinker (porcellanite; locally called “scoria”) are
discussed in Mineral Resources, and the individual mineral sections under that heading (Leasable
Minerals — Coal, Leasable Minerals — Fluids, Locatable Minerals, and Salable Minerals).

3.1.3. Soil

Information in the following soils section is based on the best available science which is currently
available through the Natural Resource Conservation Service (NRCS) soil survey data (NRCS
2011a). On a regional level, general State Soils Geographic Database (STATSGO2) was reviewed
and incorporated as appropriate. Smaller scale information Soil Survey Geographic Database
(SSURGO) was also reviewed and incorporated as appropriate into document sections below.
Additional information is reviewed, verified and incorporated on a project specific basis as needed
due to the high variability of soils and soils issues throughout the planning area but is not included
in this document. On specific soil management issues, additional information from NRCS, BLM,
academic and regional expert sources was incorporated where needed.

3.1.3.1. Regional Context

The planning area’s soils are grouped geographically by Land Resource Regions (LRR) and Major
Land Resource Areas (MLRA) for descriptive purposes. LRRs are geographically associated
MLRAs which approximate broad agricultural market regions. Identification of these large

areas is important in statewide agricultural planning and has value in interstate, regional, and
national planning. The MLRA concept guides the development of cooperative soil survey work
on BLM-administered lands. The planning area is located predominately in LRR G (Western
Great Plains and Irrigated Region) and E (Rocky Mountain Range and Forest Region). Dominant
MLRASs within these Land Resource Regions are 58B (Northern Rolling High Plains Southern
Part) with soils that are dominantly shallow to very deep, generally well drained, and loamy or
clayey. They formed in alluvium, eolian sediments, colluvium, or residuum on fans, terraces,
hills, and plateaus. MLRA 43B (Central Rocky Mountains) are comprised of soils that are skeletal
and are medium to coarse textured. These soils formed in colluvium, residuum, and glacial till
on mountain sideslopes and ridges.

3.1.3.2. Indicators

Indicators are soil characteristics that are sensitive to change in the environment that reflect
changes in soil quality. Soil quality is the capacity of a specific kind of soil to function within
natural or managed ecosystem boundaries to do the following: sustain plant and animal
productivity; maintain or enhance water and air quality; and support human health and habitation.
Soil quality is evaluated relative to a standard or reference condition that represents the full
capacity of a soil to function for a specific use.

Soil quality reflects both inherent and dynamic properties. Inherent soil properties form over
thousands of years with soil-forming processes and change very little as a result of management
practices. Many inherent properties are described by soil surveys and can be used to develop local
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interpretations for suitable uses and limitations. Dynamic soil properties are readily affected by
management practices and natural disturbances over relatively short time scales. By linking
biological, physical, and chemical properties of soil, all of the components and interactions of a
soil system are viewed together. The selection of method(s) to assess soil quality will depend on
the intended use of the information, the time and resources available, the ease with which the
information can be obtained, and any regional, local, or site-specific considerations.

The primary indicators for soil resources currently used in the Buffalo Field Office are
soil/stability, hydrologic function, and biotic Integrity. These indicators are part BLM’s Land
Health Assessment (LHA), and are used to assess soil health in the context of BLM’s Standard
and Guidelines (S&Gs) requirements. Reclamation success is evaluated through the Erosion
Condition Classification System (Clark 1980) which quantifies site stability. The Wyoming
Reclamation Policy also provides guidance to help maintain healthy productive soils, while
maintaining an effective multiple-use land management program.

The Soil, Water, and Air program provides technical assistance and policy guidance in
implementing land health standards. Maintaining and improving land health is the responsibility
of the agency. BLM’s resource management activities should be designed to limit soil degradation
and loss and to repair and/or restore those areas that have already been damaged. BLM Manual
Section 7100.06(c), it is BLM policy to use soils and ecological site description information

in conducting land health assessments to help achieve aquatic, riparian, and upland health on
BLM-administered land (H-7100-1 Soil Inventory, Monitoring, and Management Handbook
Final Draft September 21, 2010 [BLM 2010a]).

3.1.3.3. Current Condition

Soils in the planning area are diverse; great differences in soil properties can occur within
short distances. The distribution and occurrence of soils is dependent on a number of factors
including the interaction of relief (slope), parent material, living organisms, climate, and time.
These variables create complex and diverse soil patterns that influence the use and management
of the soil resource.

Generally, there is not a direct demand for soil resources from public lands in the planning area.
Primarily demands placed on soil resources are surface-disturbing activities associated with the
development of other resources. The most important regional or national demand placed on

soils in the planning area results from the development of mineral resources. Locally other
actions that affect soils include a variety of surface uses that loosen topsoil and remove vegetation
or other ground cover, such as grazing and browsing by animals, off-highway vehicle (OHV)
use, development of trails and campgrounds, ROW, fire-suppression activities, and the use of
prescribed fire.

General soils information for the planning area was obtained from the United States General
Soils Map (NRCS 2006) which is designed primarily for regional, multi-state, river basin, state,
and multi-county resource planning, management and monitoring. STATSGO2 data provides a
general overview of soils distribution and occurrence in the planning area, and is not suitable for
site-specific evaluations. Detailed information is available from the SSURGO Database for the
individual soil surveys within the planning area. These individual soil surveys include, Soil Survey
of Southern Campbell County (WY 605), Soil Survey of Northern Campbell County (WY705),
Soil Survey of Southern Johnson County (WY619), Soil Survey of Northern Johnson County
(WY719) (preliminary data), Soil Survey of Sheridan County (WY 633) and the Soil Survey of
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Bighorn National Forest (WY 650). These soil surveys were performed by NRCS according to
National Cooperative Soil Survey standards, policies and procedures, and were conducted at the
second and third order of detail. For site-specific analysis, onsite soil investigations and detailed
soils information should be considered in all resource management decisions.

Prime farmland is land that has the best combination of physical and chemical characteristics for
producing food, feed, forage, fiber, and oilseed crops and that is available for these uses. It has the
combination of soil properties, growing season, and moisture supply needed to produce sustained
high yields of crops in an economic manner if it is treated and managed according to acceptable
farming methods. In general, prime farmland has an adequate and dependable water supply from
precipitation or irrigation, a favorable temperature and growing season, an acceptable level of
acidity or alkalinity, an acceptable content of salt or sodium, and few or no rocks. Its soils are
permeable to water and air. Prime farmland is not excessively eroded or saturated with water

for long periods of time, and it either does not flood frequently during the growing season or

is protected from flooding (NRCS No Date).

Unique farmland is land other than prime farmland that is used for the production of specific high
value food and fiber crops. It has the special combination of soil quality, location, growing season,
and moisture supply needed to economically produce sustained high quality and/or high yields of
a specific crop when treated and managed according to acceptable farming methods. Examples of
such crops are citrus, tree nuts, olives, cranberries, fruit, and vegetables (NRCS No Date).

3.1.3.4. Trends

Most soils in the area are capable of producing forage for wildlife and livestock, maintaining
infiltration and runoff protective of watershed condition, and recovering from impacts associated
with surface-disturbing activities. Major soil resource concerns in this region are surface
disturbance associated with the development of other resources. The collective amount of surface
disturbance or vegetative manipulation that can be supported by soils in the planning area has
not been determined. Soils in the planning area are highly variable, and depending on specific
site conditions, soil losses of one to five tons per acre per year (based on NRCS information)
could occur on soils in the planning area without a substantial reduction in soil productivity.
Surface-disturbing activities have the potential to increase annual soil loss to levels much greater
than the amount at which the quality of a soil as a medium for plant growth can be maintained.

3.1.3.5. Key Features

Key features are areas that require special management practices to prevent adverse impacts to
soil quality. Soil quality is analogous to water and air quality, but there are no laws or standards
to protect soil quality. However, water and air quality can be impacted by soil quality. For
instance, wind-blown soil particles degrade air quality, while excessive sediment in water bodies
degrades water quality (BLM 2010a). Key features identified in the planning area include soils
with poor reclamation suitability, highly erodible soils, limited reclamation potential areas, and
soils on steep slopes.

Successful reclamation efforts are critical in maintaining a multiple use land management
program. Reclamation suitability is the inherent ability of the soil to recover from impacts; often
referred to as soil resilience. Suitability factors include physical and chemical properties to
consider for successful reclamation. These limiting features include clayey and sandy textures,
drought conditions, shallow depth to bedrock, stones and cobbles, erosion potential, low organic
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matter content, alkalinity and pH, salinity, and sodium content. Sometimes the soil limitations
may require additional mitigation to meet reclamation goals and objectives. Soils identified as
having poor reclamation suitability potentially occupy 58% of BLM surface and 40% of the
federal mineral estate (See Map 5).

There are areas in the planning area that are identified as having highly erodible soils. Highly
erodible soils are those soils which are susceptible to wind or water erosion in either their natural
or disturbed state. (See Map 3.) For purposes of this analysis, elements used to determine highly
erodible soils are slope, surface soil K factor, and wind erodibility group. However, it should be
noted that K factors are also assigned to soil horizons deeper in the profile; at the project specific
level, it may be useful to evaluate these deeper K factors. The K factor (K¢ for fine earth fraction
or K, for whole soil) indicates the susceptibility of a soil to sheet and rill erosion by water. This is
based on percentage of silt, sand, organic matter, surface soil structure and saturated hydraulic
conductivity (Ksat). Values of K range from 0.02 to 0.69. Other factors being equal, the higher
the value, the more susceptible the soil is to sheet and rill erosion by water.

Severe water erosion hazards for each Soil Mapping Unit (SMU) were identified using the
k-factor and representative slope percentage (Rv Slope) assigned to each SMU. These values are
available in the soil characteristic tables in the soil surveys, published by the NRCS. SMUs with
an erosion index (kw x Rv Slope) greater than or equal to 7.0, are considered to be susceptible

to water erosion. Severe wind erosion hazards for each SMU were identified by using the

wind erodibility group (WEG) assigned to each SMU. WEG, is a numerical value indicating

the susceptibility of soil to wind erosion. There is a close correlation between wind erosion

and the texture of the surface layer, the size and durability of surface clods, rock fragments,
organic matter, and a calcareous reaction. Soil moisture, frozen soil layers, slope and other factors
may also influence erosion. There are nine groupings: 1, 2, 3, 4, 4L, 5, 6, 7, and 8. The lower
the number, the greater the risk of wind erosion. These grouping are also available in the soil
characteristic tables in the Soil Surveys, published by the NRCS. SMUs with a WEG of 2 and less
are considered susceptible to wind erosion. Potentially 25% of BLM surface and 17.5% of the
federal mineral estate have surface properties identified as being highly erodible (wind or water).

Limited reclamation potential areas (LRP), according to the BLM statewide reclamation

policy, are defined as areas possessing unique landscape characteristics (e.g., sensitive geologic
formations, extremely limiting soil conditions, biological soil crusts, badlands, rock-outcrops,
etc.) that often make reclamation success impractical and/or unrealistic due to physical,
biological, and/or chemical challenges. Some LRP areas are currently identified as miscellaneous
areas including, but not limited to, badlands, rock outcrop, and gullied lands in the current
SSURGO soils data. Other potential LRP areas may include areas susceptible to mass movement,
areas with biologic soil crusts, and very shallow ecological sites or other areas identified through
onsite investigation as having properties that make meeting all the requirement of reclamation
unrealistic or impossible. Areas that have additive key features that make successful reclamation
impractical or impossible may also be considered LRP areas. Current analysis indicates
potentially 8% of BLM surface and 4% federal mineral estate contain LRP areas, map shows
areas that potentially contain a percentage of LRP areas (see Map 5).

Soils on steep slopes are another key feature in the planning area (Map 4). Slope gradient is the
difference in elevation between two points, expressed as a percentage of the difference between
those points. Slope is a component in determining water erosion potential, slumping, mass
wasting, and landslide potential. Slope impacts total disturbance calculations and potential cut
and fill depths for surface-disturbing activities.
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Key features will be identified using NRCS soil survey SSURGO data and onsite evaluations.
Criteria used to determine soil sensitivity to surface uses would continually be adapted as
conditions change or new information or technology becomes available that enhances the
understanding of these susceptible soils.

3.1.4. Water Resources

3.1.4.1. Regional Context

The planning area is comprised of six major watersheds that collect and convey surface water out
of the region. These are the Belle Fourche River, Little Bighorn River, Cheyenne River, Little
Missouri River, Powder River, and Tongue River. These rivers are fed by numerous smaller
drainages, most of which are ephemeral. Groundwater also plays an important role in the planning
area. Numerous groundwater aquifers are present in the planning area at a wide range of depths,
in varying geologic conditions, and water quality levels. Regulatory issues regarding water in the
planning area are largely handled by the Wyoming Department of Environmental Quality and the
Wyoming State Engineers Office.

3.1.4.2. Indicators

This section identifies indicators of the condition of water resources in the planning area and the
sources of those indicators.

Natural processes and human actions influence the chemical, physical, and biological
characteristics of water. Water quality varies from place to place, seasonally, and according to the
kind of substrate through which the water moves. Indicators of water quality include, but are
not limited to:

e Chemical characteristics (e.g., pH, conductivity, dissolved oxygen)

e Physical characteristics (e.g., sediment, temperature, color)

e Biological characteristics (e.g., macro- and micro-invertebrates, fecal coliform, and plant
and animal species)

Indicators of watershed health include:

e Channel morphology characteristics (e.g., aggradation, degradation, and bank failure)
o Watershed conditions (e.g., soil erosion and vegetation condition)

Water resource monitoring in the planning area is designed and managed to provide the BLM
with baseline information on the conditions of water quantity and quality, and changes to those
conditions that could be attributable to natural processes or BLM management activities.
Monitoring activities include the collection of surface and subsurface hydrological data, and
climatological data. As part of the hydrologic assessments, the BLM collects data on surface
water and groundwater quality, stream channel morphology, streamflow, and groundwater
elevation at a variety of locations. Climatological data that is collected includes precipitation,
temperature, wind intensity and direction, solar radiation, barometric pressure, relative humidity,
and soil moisture. Water sources historically used by livestock and wildlife are also monitored
for quality and quantity to assess changes to those resources.

Additionally, the BLM monitors some stream channels and riparian areas for Proper Functioning
Condition (PFC) (see the Vegetation — Riparian/Wetland Resources section of this chapter),
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which are indirect indicators of water quality and watershed health. The BLM uses other survey
methodologies, such as Multiple Indicator Monitoring (MIM) (Burton et al. 2008), to provide
further detail for the assessment of stream corridor conditions.

3.1.4.3. Current Condition

This section characterizes surface water and groundwater resources and describes water use and
current water management practices in the planning area.

Water management within the boundaries of the planning area is primarily the responsibility of
the Wyoming State Engineer’s Office (WSEQ), which administers all of the water resources of
the state, and the Wyoming DEQ, which administers water discharges. The BLM is responsible
for the management of federal lands and minerals in a manner that maintains or enhances
water quality and quantity for other uses. Data collection, resource monitoring, and analysis is
performed to evaluate impacts or investigate special concerns related to CBNG development.
Other agencies involved in managing and regulating the water resources of the area are the U.S.
Army Corps of Engineers, the EPA, the U.S. Fish and Wildlife Service (USFWS), and Wyoming
Game and Fish Department (WGFD).

Surface Water

Information in this section includes:

e Watersheds within the planning area, and a map showing the major streams and lakes in the
planning area

e The major tributary waterways in the planning area and their flow conditions

e A description of surface water quality and quantity and a reference to the Wyoming DEQ
requirements for water quality in Class 1 and 2 waterway segments

e [dentification of watersheds in the planning area with Class 1 or 2 waterways

e A discussion on surface discharge of water (e.g., produced water from CBNG development),
including a list of permitted outfalls if available, and the regulations associated with
discharged waters

e A discussion of watershed conditions affecting the effective life (and associated costs) of
water development projects, such as reservoirs and spring developments

e Historic and present resources and resource uses that could affect surface water quality

e A description of the state 303(d) list and total maximum daily load allocation of pollutants

e Waterways in the planning area on the Wyoming DEQ 303(d) list of water bodies with
impaired water quality

The planning area is comprised of two distinct hydrologic regions: the mountainous region where
snowmelt is the dominant influence on streamflow, and the plains region where runoff from
convective storms is the dominant factor controlling peak flow rates (Lowham 1988). Mean
annual precipitation in this semi-arid region ranges from about 10 inches to more than 15 inches
in the plains region of the planning area, and up to 30 inches in the mountainous region (Lowry et
al. 1986). Approximately half of the annual precipitation falls in April, May, and June (Rankl
and Lowry 1990). Average annual snowfall ranges from less than 30 inches to more than 100
inches. Annual lake evaporation averages approximately 40 inches, greatly exceeding annual
precipitation (Whitehead 1996).
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The planning area is within portions of six major watersheds: the Belle Fourche, the Little
Bighorn, the Cheyenne, the Little Missouri, the Powder, and the Tongue.

The Powder River is the largest watershed in the planning area, and drains more than half
(65%) of the planning area. Other drainages in the planning area include the Little Bighorn and
Tongue River, which drain the northwestern area (14%); the Belle Fourche River, which drains
the eastern area (11%); the Cheyenne River, which drains the southeastern area (6%); the Little
Powder River, which drains most of the northeast area (3%); and the Little Missouri River,
which drains a strip along the eastern part of the planning area adjacent to the state line (1%).
The Powder River, along with several other larger streams in the planning area, including Clear
Creek, Crazy Woman Creek, the Little Bighorn River, and the Tongue River, have headwaters
in the Big Horn Mountains. The U.S. Geological Survey (USGS) classifies these as perennial
streams. Except for the main stem of the Powder River, which courses through the middle of
the Powder River Basin, these streams generally flow with clear water, and generally carry little
suspended sediment. The southern Big Horn Mountains contain approximately 50 miles of
perennial streams on public land. All of the perennial streams in the planning area and their
associated vegetation communities represent important fish and wildlife habitat on both public
and private land. Intermittent streams that have enough seasonal flow to support growth of
riparian vegetation also provide important wildlife habitat.

Most of the streams and tributaries with headwaters in the plains region are ephemeral, flowing
only in direct response to precipitation events or snowmelt. These channels are formed in
fine-grained, unconsolidated Tertiary sedimentary units or Quaternary basin fill. This material is
easily eroded, especially in areas where vegetation is relatively sparse. These conditions often
result in high sediment delivery to the Powder River.

The Wyoming DEQ, in compliance with the federal Clean Water Act (CWA), requires that
water quality be maintained or improved for outstanding (Class 1) and most of high-quality
(Class 2) waters (Wyoming DEQ 2007). Table 3.6, “Surface Water Classes and Uses in
Wyoming” (p. 231) describes water quality classes. The Wyoming DEQ manages all surface
discharges in the state through the Wyoming Pollutant Discharge Elimination System (WYPDES)
permit process. Water produced and discharged in association with any industrial activity,
including oil and gas development, must be permitted through the WYPDES process. WYPDES
permits typically require compliance with specific water quality effluent standards that vary by
stream class, and are periodically reviewed and revised for existing uses. Water discharged on
the surface must be suitable for existing or planned uses, such as agriculture and livestock, and
cannot result in a violation of water quality standards in the receiving stream. The Wyoming DEQ
defines stream classes and water quality standards (Wyoming DEQ 2002), and a list of classified
segments is maintained and available from the Wyoming DEQ.

Table 3.6. Surface Water Classes and Uses in Wyoming

Class 1, Outstanding Waters No further water quality degradation by point source discharges other than
from dams will be allowed. Nonpoint sources of pollution shall be controlled
through implementation of appropriate best management practices.

Class 2, Fisheries and Drinking Water | Support fish or drinking water supplies or where those uses are attainable.
Class 2 waters may be perennial, intermittent, or ephemeral.

Class 3, Aquatic Life Other than Fish |Intermittent, ephemeral, or isolated waters and waters that, because of
natural habitat conditions, do not support or have the potential to support
fish populations or spawning, or certain perennial waters that lack the
natural water quality to support fish (e.g., geothermal areas).
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Class 4, Agriculture, Industry,

Recreation and Wildlife

Aquatic life uses are not attainable. Uses include recreation, wildlife,
industry, agriculture, and scenic value.

Source: Wyoming DEQ 2007

As required by Clean Water Act Section 404, the Wyoming DEQ identifies waters which do not
support designated uses. The water bodies that do not support designated uses, either due to
watershed degradation or because of exceedances of water quality criteria, are on the state 303(d)
list and 305(b) report, which are updated every two years. The 2008 303(d) list includes 642.3
miles of impaired or “not-supporting” streams and 37.9 miles of “threatened” streams within

the boundaries of the planning area (Wyoming DEQ 2008). To address the issues causing the
impairments, the Wyoming DEQ is developing Total Maximum Daily Load (TMDL) allocations
for impaired water bodies throughout the state. When the Wyoming DEQ develops TMDLs

for the water bodies in the planning area, the BLM will cooperate with those efforts. In the
meantime, the BLM is developing measures to manage and monitor the streams on the 303(d) list
that flow through land it administers.

A considerable amount of water produced as a result of CBNG activities is discharged into
streams in the Powder River Basin. This water was projected in the Powder River Basin

FEIS to gradually increase flow rates in the various streams as CBNG development escalated.
Actual water volumes discharged into Wyoming streams has been substantially less than
predicted. Table 3.7, “ Coalbed Natural Gas Water Production Summary in the Buffalo Planning
Area” (p. 232) lists some these values through 2008.

Table 3.7. Coalbed Natural Gas Water Production Summary in the Buffalo Planning Area

Watershed

Predicted Cumulative
Total Water Production
(2002 through 2008)
(acre-feet)

Actual Cumulative
Total Water Production
(2002 through 2008)
(acre-feet)

Percent of Actual
vs. Predicted Water
Production as of 2008

Antelope Creek 114,097 27,304 239
Clear Creek 153,242 8,486 5.5
Crazy Woman Creek 125,742 1,573 1.3
Little Powder River 142,752 60,608 42.5
Middle Powder River 74,276 36,939 49.7
Upper Belle Fourche 530,949 111,602 21.0
Cheyenne River 54,166 43,207 79.8
Upper Powder River 1,047,521 212,522 20.3
Upper Tongue River 132,952 70,558 53.1
Total 2,375,697 572,799 24.1

Source: WOGCC 2009

Groundwater

Information in this section includes:

e The geological features in which groundwater resources occur
e The major regional aquifers in the planning area and estimates of recoverable groundwater
e Uses of groundwater in the planning area
e Groundwater quality conditions related to total dissolved solids (TDS) and trends in the
planning area, and areas that are highly vulnerable to groundwater contamination

Aquifers
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Aquifers in the planning area are generally of two types: Quaternary alluvial aquifers and the
Lower Tertiary aquifers of the Northern Great Plains Aquifer System. Numerous seeps and
springs also occur in the planning area in association with steep topographic relief, discontinuous
stratigraphy, and scoria outcrops. Most groundwater utilization in the planning area occurs in the
Powder River Basin, where considerable groundwater resources are available.

Quaternary alluvial aquifers occur in stream valley alluvium, generally along rivers and

larger drainage channels in the Powder River Basin. These alluvial aquifers are composed of
unconsolidated deposits of silt, sand, and gravel and occur as floodplains, stream terraces, and
alluvial fans (Whitehead 1996). Coarser alluvial deposits occur in valleys of the Belle Fourche,
Cheyenne, Powder, and Little Powder Rivers. The thickest and coarsest-grained alluvium occurs
near the Big Horn Mountains along the western margin of the Powder River Basin, where
saturated horizons are thick and high water yields are possible.

The Northern Great Plains Aquifer System is an extensive sequence of aquifers and confining
units arranged in a stack of layers that can be locally discontinuous, but functions regionally

as a single aquifer system. This system includes the lower Tertiary aquifers exposed at the
surface in the Powder River Basin, and underlying, deeply buried regional aquifers stacked with
intervening confining layers. The Lower Tertiary Aquifer System consists of semi-consolidated to
consolidated Paleocene to Oligocene sediments and sandstones, and coal seams in the Paleocene
Fort Union Formation and the Eocene Wasatch Formation (Whitehead 1996). Stratigraphically
from youngest to oldest, the Lower Tertiary Aquifer System consists of the Wasatch aquifers, the
Fort Union aquifers, the Lebo confining layer, and the Tullock aquifer.

Scoria, which plays an important role as an aquifer in the storage and flow of water in the Powder
River Basin, has been formed from these geologic formations in locations where sediments have
been altered in place by the spontaneous combustion of coalbeds (Coates and Heffern 1999;
Heftern and Coates 1999). Rainfall and snowmelt infiltrate rapidly in scoria exposure areas. The
stored water is discharged slowly to springs, streams, and aquifers, which helps maintain flow
in perennial streams during dry periods (Coates and Heffern 1999; Heffern and Coates 1999).
Scoria outcrops cover about 350 square miles of the planning area and are concentrated along
the eastern boundary of the planning area in the Rochelle Hills; within the Powder River Breaks
in the northern portion of the planning area; within the Tongue River Breaks north of Sheridan;
within the Lake DeSmet area north of Buffalo; and within the Felix coal outcrop area west of
Gillette and northeast of Wright (Coates and Heffern 1999; Heffern and Coates 1999).

Groundwater Use

Groundwater in the planning area is used for a variety of purposes, including domestic, municipal,
industrial, and agricu