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CHAPTER 1
GENERAL PLAN PROVISIONS

Section 169A of the Clean Air Act establishes a national goal for protecting visibility in
Federally-protected scenic areas. These Class I areas include national parks and wilderness
areas. Regional haze is a type of visibility impairment caused by air pollutants emitted by
numerous sources across a broad region. On July 1, 1999, the Environmental Protection Agency
(EPA) issued regional haze rules to comply with requirements of the Clean Air Act. Under 40
CFR 51.308, the rule requires the State of Wyoming to develop State Implementation Plans
(SIPs) which include visibility progress goals for each of the seven Class [ areas in Wyoming, as
well as emission reduction strategies and other measures to meet these goals. Under 40 CFR
51.309, the rule also provided an optional approach to Wyoming and eight other western states to
incorporate emission reduction strategies issued by the Grand Canyon Visibility Transport
Commission (GCVTC) designed primarily to improve visibility in 16 Class | areas on the
Colorado Plateau.

On December 29, 2003, the State of Wyoming submitted a visibility SIP to meet the
requirements of 40 CFR 51.309. The 2003 309 SIP and subsequent revisions to the 309 SIP
address the first phase of requirements, with an emphasis on stationary source SO, emission
reductions and a focus on improving visibility on the Colorado Plateau. In the 2003 submittal,
Wyoming committed to addressing the next phase of visibility requirements and additional
visibility improvement in Wyoming’s seven Class | areas by means of a State Implementation
Plan meeting the requirements in 309(g).

Since the 2003 submittal of the 309 SIP, EPA has revised both 40 CFR 51.308 and 309 in
response to numerous judicial challenges. As a result of revisions to the Federal rules, the State

of Wyoming submitted revisions to the December 29, 2003, 309 SIP under separate cover, on
November 21, 2008.

This 309(g) SIP submission serves as a supplement to the 309 SIP submittal. Pursuant to the
requirements of 51.309(g), the State of Wyoming submits this Plan with: a demonstration of
expected visibility conditions for the most impaired and least impaired days at the additional
mandatory Class I areas; provisions for establishing reasonable progress goals for Wyoming’s
seven Class I areas complying with 51.308(d)(1)-(4); long-term strategies that build upon
emission reduction strategies developed in the first 309 SIP submittal; and finally provisions to
address long-term strategies and Best Available Retrofit Technology (BART) requirements for
stationary source Particulate Matter (PM) and Nitrogen Oxide (NOy) emissions pursuant to
51.308(e).

The State of Wyoming commits to participate in a Regional Planning Process with Alaska,
Arizona, California, Colorado, Idaho, Montana, New Mexico, North Dakota, Oregon, South
Dakota, Utah, and Washington, and commits to continue participation through future SIPs. The
Regional Planning Process describes the process. goals, objectives, management and decision
making structure, deadlines for completing significant technical analyses and developing
emission management strategies and a regulation implementing the recommendations of the
regional group. All Western Regional Air Partnership (WRAP) Work Plans and the WRAP
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2008-2012 Strategic Plan, which document the Regional Planning Process, are contained in
Chapter 1 of the Wyoming Technical Support Document (TSD).

Pursuant to the Tribal Authority Rule, any Tribe whose lands are surrounded by the State of
Wyoming have the option to develop a regional haze TIP for their lands to assure reasonable
progress in the seven Class I areas in Wyoming. As such, no provisions of this Implementation
Plan shall be construed as being applicable to Indian Country.
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CHAPTER 2
WYOMING CLASS I AREAS; BASELINE, NATURAL AND
CURRENT VISIBILITY CONDITIONS

2.1 Description of the Yellowstone Monitoring Site (YELL2) Class I Areas
The monitoring site designated as “YELL2" is the representative regional haze monitoring

station for three Wyoming Class [ areas (Grand Teton National Park, Yellowstone National Park
and Teton Wilderness). Each of these Class I areas are described below.

Yellgwstone NP

0 bsaroka
Wildemess

YWashakie Wilderness

Gra/;
Teton|NP

Teron

Wildemess Fitzpatrick Wilderness

Bridger Vildemess

Figure 2.1-1. National Parks and Wilderness Areas in Wyoming (Class I Areas)
(http://www.coha.dri.edu/web/state_analysis/Wyoming/Wyoming.html)

2.1.1 Grand Teton National Park

Figure 2.1.1-1. Mormon Row (Courtesy of National Park Service)



Draft 8/25/09

Grand Teton National Park occupies 309,995 acres along the Teton Range and adjacent Jackson
Lake. The Teton Range borders the west side of the National Park, with elevations exceeding
12,000 feet, and 13,770 feet at the summit of the Grand Teton. The Teton Range, a 40-mile-long
mountain front, was formed from earthquakes that occurred over the past 13 million years along
a fault line. The eastern half of the Park consists of Jackson Lake and valley of the upper Snake
River. Where the Snake River exits the Park at the south boundary, the elevation is the lowest at
6,800 feet. The Park is adjacent to the Teton Wilderness to the northeast and is 6 miles south of
Yellowstone National Park and the headwaters of the Snake River (Figure 2.1-1). Seven glacial
lakes lie at the base of the range, while over 100 alpine lakes can be found in the backcountry.
Elk, moose, mule deer, bison, pronghorn and black bears can be found in the Park. Grizzlies can
also be found, but are located in more remote areas. Over 300 species of birds, including bald
eagles, peregrine falcons and trumpeter swans can be observed in the Park.

Legend

Class 1 Boundary

—  Mountain Peaks

Lakes and Rivers
Elevation
N Meters
gr”' o o127

errace Mountain,

1,258 - 1,585
B 1586 1914
B 115 2242
2,243 2571
B sz 299
B zoo0- 3228
B 2229 3556
13567-3885

3,886~ 4,213

-~

o 5 10 20 Kilometers
T T S S T

Figure 2.1.1-2. Grand Teton NP lass 1 ndry
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2.1.2 Teton Wilderness

i

Figure 2.1.-1. Gravel Creek in 1996. Burned n giantHuck Fire of 188.(Courte of Ralph Maughan)
(http://www.forwolves.org/ralph/wpages/tetonwld.htm)

Figure 2.1.2-2. Pendergraft Peak 1991 (Courtesy of U.S. Forest Service)
(http://www.fsvisimages.com/gallery/TETO/start.htm)

The Teton Wilderness encompaéses 585,468 acres which straddle the Continental Divide in
western Wyoming. It is bordered by Yellowstone National Park to the north, Grand Teton
National Park to the west, and the Washakie Wilderness to the east (Figure 2.1-1). Elevations
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range from 7,500 to 9,675 feet west of the Continental Divide, while east of the Continental
Divide elevations are generally higher with the summit of Younts Peak reaching 12,165 feet. At
Two Ocean Pass, Two Ocean Creek straddles the Continental Divide, sending waters to both the
Atlantic and the Pacific Oceans. As with Grand Teton National Park, elk, moose, mule deer,
bison, pronghorn and black bears can be found in the Teton Wilderness. Bighorn sheep,
mountain lions, wolves, grizzlies and at least 75 other mammal species are also found here, as
well as over 300 species of birds and 30 species of fish.
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2.1.3 Yellowstone National Park

: b h ”T?":‘:’Nﬁi : 3
R o s -
Figure 2.1.3-1. Hot Pool Near Red Cone Geyser (Courtesy National Park Service)

(http://www.nps.gov/archive/yell/slidefile/thermalfeatures/hotspringsterraces/others/Images/06202.ipg)

Yellowstone National Park became the world’s first national park on March 1, 1872, and
occupies 2,221,766 acres in northwestern Wyoming, overlapping into Montana and Idaho
(Figure 2.1-1). The highest elevation is 11,358 feet at the summit of Eagle Peak on the
southeastern Park boundary, while the lowest elevations (5,314 feet) are found where the
Yellowstone River exits the Park on the north boundary. Yellowstone Lake is the largest high-
altitude lake in North America and is centered over the Yellowstone Caldera, the largest
supervolcano on the continent. The caldera, considered an active volcano, has erupted several
times in the last two million years. Fifty percent of the world’s geothermal features are in
Yellowstone, fueled by this ongoing volcanic activity. Wildlife abounds in the Park, with the
more common species being elk, bison, grizzlies and wolves. In 2007, approximately 3,151,373
people visited Yellowstone National Park, bringing the total number of visitors to over
142,681,000 since the park opened in 1872.
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Figure 2.1.3-2. Yellowstone National Park Boundary (Courtesy of National Park Service)
(http://www.nps.gov/carto/PDF/YELLmap2.pdf)

2.1.4 Monitoring Strategy and Location - YELL2 Monitoring Site

The IMPROVE site designated as the monitor representing Grand Teton National Park, Teton
Wilderness and Yellowstone National Park is YELL2. The Wyoming Department of
Environmental Quality. Air Quality Division (the Division), considers the YELL?2 site as
adequate for assessing reasonable progress goals of the three above-mentioned Class | areas and
no additional monitoring sites or equipment are necessary at this time.

The Air Quality Division routinely participates in the IMPROVE monitoring program by
attending Western States Air Resources Council (WESTAR) and Western Regional Air
Partnership (WRAP) meetings and maintaining memberships in both organizations.
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YELL?2 is located in central Yellowstone National Park near the north shore of Yellowstone
Lake. It is 37 miles north of Grand Teton National Park, across the Continental headwaters
divide between the Yellowstone River and Snake River watersheds. YELL2 is 30 miles north
and west of the nearest Teton Wilderness boundary. The YELL?2 site elevation is 7,954 feet,
which is 220 feet above Yellowstone Lake.

The nearest metropolitan area to the YELL2 monitor, Billings, Montana (over 149,650
population), is situated approximately 124 miles northeast of the monitor. The metropolitan area
of Boise, Idaho (over 635,450 population) lies approximately 295 miles to the southwest of the
monitor and the metropolitan area of Salt Lake City, Utah (over 1,099,000) is located
approximately 273 miles to the southwest.
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; o #' 8 ’ "? ‘ § ;
Figure 2.1.4-2. Looking South Toward the YELL2 Monitor
(http://vista.cira.colostate.edu/views/Web/SiteBrowser/SiteBrowser.aspx)

2.1.5 Assessment of Baseline, Natural and Current Conditions - YELL2 Class I Areas

Natural visibility represents the visibility condition that would be experienced in the absence of
human-caused impairment. Based on EPA guidance, Grand Teton National Park, Teton
Wilderness and Yellowstone National Park Class I areas have an established natural visibility of
0.43 deciviews for the 20 percent best days and 6.44 deciviews for the 20 percent worst days.
This is based on on-site data at the YELL2 IMPROVE monitoring site.

Baseline visibility is determined from the YELL2 monitoring site (located in central Yellowstone
Park) for the 20 percent best and 20 percent worst days for the years 2000 through 2004 as
specified in the Regional Haze regulations under 40 CFR 51.308(d)(2)(i). The baseline visibility
for Grand Teton National Park, Teton Wilderness and Yellowstone National Park Class I areas is
2.58 deciviews for the 20 percent best days and 11.76 deciviews for the 20 percent worst days,
which, for this first SIP submittal, is also the same as the current visibility. These best and worst
20 percent conditions are also calculated based on EPA guidance. This technical information
was obtained from the “Haze Planning” section of the Western Regional Air Partnership
(WRAP) Technical Support System (TSS) by choosing the “Monitoring™ section followed by the
“Deciview Glide Slope™ information at http://vista.cira.colostate.edu/tss/. Further description of
this technical information can be found in Chapter 13.

Photographs representing similar visibility conditions on best and worst days for baseline and
natural conditions are included in Figures 2.1.5-1 through 2.1.5-4.



Draft 8/25/09

Baseline Best Days

Vista Reference: Avalanche Peak
(Yellowstone National Park)

Photo Taken at 9:00 AM
Haze Index (HI) = 3 Deciviews
Bext = 14 Mm™

Visual Range = 280 km/174 mi

Figure 2.1.5-1. YELL2 Monitor - Baseline Best Days
http://vista.cira.colostate.edu/Datawarehouse/IMPROVE/Data/Photos/YELL/start.htm

Baseline Worst Days

Vista Reference: Avalanche Peak
(Yellowstone National Park)

Photo Taken at 9:00 AM
Haze Index (HI) = 12 Deciviews

Bext = 33 Mm”’

Visual Range = 120 km/75 mi

Figure 2.1.5-2. YELL2 Monitor - Baseline Worst Days
http://vista.cira.colostate.edu/Datawarehouse/IMPROVE/Data/Photos/YELL/start.htm
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Natural Best Days

Vista Reference: Avalanche Peak
(Yellowstone National Park)

.~ Photo Taken at 9:00 AM
Haze Index (HI) = 0 Deciview
Bext = 10 Mm”™

Visual Range = 390 km/242 mi

Figre 2.1.5-3. YELL2 Monitor - Natural Best Days
http://vista.cira.colostate.edu/Datawarehouse/IMPROVE/Data/Photos/Y ELL/start.htm

Natural Worst Days

- Vista Reference: Avalanche Peak
- (Yellowstone National Park)

Photo Taken at 9:00 AM
Haze Index (HI) = 6 Deciviews
' Bext = 18 Mm”’

- Visual Range = 220 km/137 mi

Figure 2.1.5-4. YELL2 Monitor - Natural Worst Days
http://vista.cira.colostate.edu/Datawarehouse/IMPROVE/Data/Photos/Y ELL/start.htm

12
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2.2 Description of the North Absaroka Monitoring Site (NOAB1) Class I Areas
The monitoring site designated as “NOABI1" is the representative regional haze monitoring
station for two Wyoming Class I areas (North Absaroka Wilderness and Washakie Wilderness).

Each of these Class | areas are described below.

2.2.1 North Absaroka Wilderness

Figure 2.2.1-1. Pilot and Index Peaks (Courtesy of Wikipedia and National Park Service)
(http://commons.wikimedia.org/wiki/User:MONGO/Public_Domain_Images)

The North Absaroka Wilderness is part of the Greater Yellowstone Area of northwestern
Wyoming, located along the northeastern boundary of Yellowstone National Park, east of the
Continental Divide, and occupies 350,488 acres (Figure 2.1-1). Elevations range from
approximately 7,200 feet to more than 10,000 feet on several summits, with the highest elevation
being 12, 216 feet on Dead Indian Peak. The terrain is very rugged and mountainous and
dissected by numerous creeks. Only a few lakes exist, but the streams contain cutthroat, brown,
brook, and rainbow trout. The wilderness is home to grizzly bears, and big-game hunters come
by the hundreds for bighorn sheep, elk, and moose. Marmots and pikas dominate many of the
talus slopes.
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http://www.publiclands.org/explore/quadrant _map.php?2id=1560&site_name=North%20Absaroka%20Wilderness&

quad=WY_Q2&PHPSESSID=23cfeb7c¢9
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2.2.2 Washakie Wilderness
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The Washakie Wilderness Area encompasses 704,529 acres around the headwaters of the South
Fork of the Shoshone River in northwestern Wyoming. It is bordered on the west by the Teton
Wilderness and Yellowstone National Park, and the North Absaroka Wilderness Area lies to the
north across the North Fork of the Shoshone River (Figure 2.1-1). Elevations range from
approximately 6,000 feet to 13,153 feet (Francs Peak) on the eastern boundary. Terrain is
rugged and difficult to maneuver in many areas of this wilderness. Wildlife is bountiful, with
mule deer, white-tailed deer, moose, elk, grizzly and black bear, pronghorns and bighorn sheep
being some of the more common species. This area has fewer lakes than some of the other areas,
so fishing opportunities are more limited. However, there are several streams and rivers which
do support trout.

15
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Figure 2.2.2-2. Washakie Wilderness Class I Area Boundary
(http://www.coha.dri.edu/images/clipart/wy_20km_terrain_washakie.jpg)

2.2.3 Monitoring Strategy and Location - NOAB1 Monitoring Site

The IMPROVE site designated as the monitor representing the North Absaroka and Washakie
Wilderness Areas is NOABI1. Collection of data at the NOABI monitoring site is subsidized by
the Wyoming Department of Environmental Quality. The Division considers the NOABI site as
adequate for assessing reasonable progress goals of the two above-mentioned Class I areas and
no additional monitoring sites or equipment are necessary at this time.

The Air Quality Division routinely participates in the IMPROVE monitoring program by
attending Western States Air Resources Council (WESTAR) and Western Regional Air
Partnership (WRAP) meetings and maintaining memberships in both organizations.

NOABI is located in Dead Indian Pass, approximately 25 miles northwest of Cody, Wyoming
and about 3 miles northeast of the closest North Absaroka Wilderness Area boundary. It is 25
miles north of the Washakie Wilderness boundary. The NOABI monitoring site elevation is
8.134 feet, which is 538 feet below the summit of Dead Indian Hill to the northeast and 66 feet
above Dead Indian Pass and State Highway SR 296.

The nearest metropolitan area to the NOAB1 monitor, Billings, Montana (over 149,650

population), is situated approximately 83 miles northeast of the monitor. The metropolitan area
of Boise, Idaho (over 635,450 population) lies approximately 348 miles to the southwest of the

16
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monitor and the metropolitan area of Salt Lake City, Utah (over 1,099,000) is located
approximately 301 miles to the southwest.

Legend

4l IMPROVE Site

¢ D 20km buffer around site
Class | boundary

—  Mountain peaks

Lakes and rivers

Elevation

Meters

1 928- 1500

] -1700

-1.900

-2.100

-2.300

-2 500

-2.700

-2,500

-3,100

-3,300

Bufallo-Bill
Res voir 1\

a 5 10 20 Kilometers

i ,jy(w

Figufe 2.2.3-1. NOABI1 Monioring Site
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Figure 2.2.3-2. Looking South Toward the NOABI Monitor
(http://vista.cira.colostate.edu/views/Web/SiteBrowser/SiteBrowser.aspx)

2.2.4 Assessment of Baseline, Natural and Current Conditions - NOABI1 Class I Areas

Natural visibility represents the visibility condition that would be experienced in the absence of
human-caused impairment. Based on EPA guidance, the North Absaroka Wilderness and
Washakie Wilderness Class I areas have an established natural visibility of 0.58 deciviews for
the 20 percent best days and 6.83 deciviews for the 20 percent worst days. This is based on on-
site data at the NOAB1 IMPROVE monitoring site.

Baseline visibility is determined from the NOAB1 monitoring site (located in Dead Indian Pass,
about 25 miles northwest of Cody, Wyoming) for the 20 percent best and 20 percent worst days
for the years 2002 through 2004 as specified in the Regional Haze regulations under 40 CFR
51.308(d)(2)(i). The baseline visibility for the North Absaroka and Washakie Wilderness Class |
areas is 2.02 deciviews for the 20 percent best days and 11.45 deciviews for the 20 percent worst
days, which, for this first SIP submittal, is also the same as the current visibility. These best and
worst 20 percent conditions are also calculated based on EPA guidance. This technical
information was obtained from the “Haze Planning” section of the Western Regional Air
Partnership (WRAP) Technical Support System (TSS) by choosing the “Monitoring™ section
followed by the “Deciview Glide Slope™ information at http://vista.cira.colostate.edu/tss/.
Further description of this technical information can be found in Chapter 13.

The historic visibility photo record is limited and does not include the North Absaroka or
Washakie Wilderness areas. Photos depicting similar visibility scenarios from the Bridger
Wilderness (Mt. Bonneville) have been substituted as Figures 2.2.4-1 through 2.2.4-4 for the
baseline and natural conditions on the best and worst days.
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Baseline Best Days

Vista Reference: Mt. Bonneville
(Bridger Wilderness)

Photo Taken at 9:00 AM
Haze Index (HI) = 2 Deciviews
Bext = 12 Mm™

Visual Range = 330 km/205 mi

Figure 2.2.4-1. BRID1 Monitor - Baseline Best Days
http://vista.cira.colostate.edu/Datawarehouse/IMPROVE/Data/Photos/BRID/start.htm

Baseline Worst Days

Vista Reference: Mt. Bonneville
(Bridger Wilderness)

= Photo Taken at 9:00 AM
Haze Index (HI) = 11 Deciviews
Bext = 30 Mm™

Visual Range = 130 km/81 mi

Figure 2.2.4-2. BRID1 Monitor - Baseline Worst Days
http://vista.cira.colostate.edu/Datawarehouse/IMPROVE/Data/Photos/BRID/start.htm
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Natural Best Days

Vista Reference: Mt. Bonneville
(Bridger Wilderness)

Photo Taken at 9:00 AM
Haze Index (HI) = 1 Deciview
Bext = 11 Mm™

Visual Range = 350 km/217 mi

Figure 2.2.4-3. BRID1 Monitor - Natural Best Days
http://vista.cira.colostate.edu/Datawarehouse/IMPROVE/Data/Photos/BRID/start.htm

Natural Worst Days

Vista Reference: Mt. Bonneville
(Bridger Wilderness)

Photo Taken at 9:00 AM
Haze Index (HI) = 7 Deciviews
Bext = 20 Mm™”’

Visual Range = 200 km/124 mi

Figure 2.2.4-4. BRID1 Monitor - Natural Worst Days
http://vista.cira.colostate.edu/Datawarehouse/IMPROVE/Data/Photos/BRID/start.htm
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2.3 Description of the Bridger Monitoring Site (BRID1) Class I Areas
The monitoring site designated as “BRID1” is the representative regional haze monitoring station
for two Wyoming Class | areas (Bridger Wilderness and Fitzpatrick Wilderness). Each of these

Class | areas are described below.

2.3.1 Bridger Wilderness

Figure 2.3.1-1. Slide Lake (Photo Courtesy of Ralph Maughan)
(http://www.forwolves.org/ralph/wpages/bridger.htm)

The Bridger Wilderness, consisting of 428,169 acres, is situated on the west slope of the Wind
River Range in Wyoming and extends approximately 80 miles along the western slope of the
Continental Divide. The wilderness lies south of the other six Class I areas and is on the west
border of the Fitzpatrick Wilderness (Figure 2.1-1). The Bridger Wilderness is a combination of
jagged granite rock, alpine forest and open alpine meadows and is the headwaters for the Green
River. This wilderness forms a triple divide for three major watersheds: the Columbia River. the
Colorado River, and the Missouri River. The Wind River Range contains numerous peaks, some
exceeding 13,000 feet, the highest of which is Gannett Peak (13,804 feet) located on the
boundary between the Bridger Wilderness and the adjacent Fitzpatrick Wilderness to the east.
This wilderness contains seven of the ten largest glaciers in the U.S. (lower 48). Some of the
more common species found in the Bridger Wilderness are mule deer, moose, elk, bighorn sheep,
gray wolf, and both grizzly and black bear.
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Figure 2.3.1-2. Bridger Wilderness Monitoring Site and Partial Bo
http://www.coha.dri.edu/images/clipart/wy 20km_terrain_bridger.ipg

Shoshionc
Natl hm

w'}rmb- £ %

larghee —(§9(287){191)
Forest o kson ‘

{89  Bridger-Teton
o Natl Forest

oAfton
? i

189"

ldaho

Shosbhrong
Natl Forest

La Barge @

PY Bmder»m

Figure 2.3.1-3. Bridger Wilderness Boundary
http://www.publiclands.org/explore/quadrant_map.php?id=1742&site_name=Bridger%20Wilderness&quad=WY QO
8

22



Draft 8/25/09

2.3.2 Fitzpatrick Wilderness

Figure 2.3.2-1. The Wind Rivers From the Wd River Indian Reservation (Courtesy of Ralph Maughan)
http://www.forwolves.org/ralph/wpages/graphics/fitzpatrick 1 .jpg

The Fitzpatrick Wilderness Area (191,103 acres) is located on the east slope of the northern
Wind River Range in Wyoming along the Continental Divide, which makes up its western
border. It shares its western border with the Bridger Wilderness Area, while its eastern border is
shared with the Wind River Indian Reservation. Elevations range from approximately 5,575 feet
at the western side of the upper Wind River Basin at river level to east slope elevations of 8,200
feet. Gannett Peak claims the highest elevation (13,804 feet) and is on the Divide boundary
between the Fitzpatrick Wilderness and the adjacent Bridger Wilderness to the east. Precipitous
canyons formed by glaciers from granite and limestone rock are found throughout the area.
Alpine meadows, stands of timber and rocky plateaus are also common sights. There are more
than 60 lakes and at least 75 miles of streams which tout excellent trout fishing. Abundant
wildlife includes elk. mule deer. moose, bighorn sheep, black bear, bobcats and coyotes.
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Figure 2.3.2-2. Fitzpatrick Wilderness Class I Boundary
http://www.coha.dri.edu/images/clipart/wy 20km_terrain_fitzpatrick.jpg

2.3.3 Monitoring Strategy and Location - BRID1 Monitoring Site

The IMPROVE site designated as the monitor representing the Bridger and Fitzpatrick
Wilderness Areas is BRIDI. The Division considers the BRIDI site as adequate for assessing
reasonable progress goals of the two above-mentioned Class | areas and no additional monitoring
sites or equipment are necessary at this time.

The Air Quality Division routinely participates in the IMPROVE monitoring program by
attending Western States Air Resources Council (WESTAR) and Western Regional Air
Partnership (WRAP) meetings and maintaining memberships in both organizations.

BRIDI is located at the White Pine Ski Area, 10 miles northeast of Pinedale, Wyoming and
approximately 2 miles outside of the southwestern Bridger Wilderness boundary. The
monitoring site sits on a small hilltop in a high basin on the west slope of the Wind River Range
at an elevation of 8,553 feet. The site is approximately 1,148 feet above Fremont Lake which
lies slightly over 1 mile to the west, and about the same distance below the elevation of the
nearest Bridger Wilderness boundary to the northeast. BRID1 is approximately 1,378 feet higher
than the upper Green River Basin town of Pinedale.

The nearest metropolitan area to the BRID1 monitor, Salt Lake City, Utah (over 1,099,000), is

located approximately 187 miles to the southwest. The metropolitan area of Billings, Montana
(over 149,650 population), lies approximately 203 miles to the northeast of the monitor and the
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metropolitan area of Boise, Idaho (over 635,450 population), is situated approximately 329 miles
southwest of the monitor.

Legend
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Figure 2.3.3-1. BRID1 Monitoring Site
http://www.coha.dri.edu/images/clipart/wy 20km terrain bridger.ipg
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Figure 2.3.3-2. Looking North Toward BRID1 Monitor
http://vista.cira.colostate.edu/Images/Photos/IMPROVE/BRID1/BRID!1 2005 N IN.JPG
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2.3.4 Assessment of Baseline, Natural and Current Conditions - BRID1 Class I Areas

Natural visibility represents the visibility condition that would be experienced in the absence of
human-caused impairment. Based on EPA guidance, the Bridger and Fitzpatrick Wilderness
Class I areas have an established natural visibility of 0.28 deciviews for the 20 percent best days
and 6.45 deciviews for the 20 percent worst days. This is based on on-site data at the BRID |
IMPROVE monitoring site.

Baseline visibility is determined from the BRID1 monitoring site (located at the White Pine Ski
Area, 10 miles northeast of Pinedale, Wyoming) for the 20 percent best and 20 percent worst
days for the years 2000 through 2004 as specified in the Regional Haze regulations under 40
CFR 51.308(d)(2)(i). The baseline visibility for the Bridger and Fitzpatrick Wilderness Class I
areas is 2.1 deciviews for the 20 percent best days and 11.12 deciviews for the 20 percent worst
days, which, for this first SIP submittal, is also the same as the current visibility. These best and
worst 20 percent conditions are also calculated based on EPA guidance. This technical
information was obtained from the “Haze Planning” section of the Western Regional Air
Partnership (WRAP) Technical Support System (TSS) by choosing the “Monitoring™ section
followed by the “Deciview Glide Slope™ information at http://vista.cira.colostate.edu/tss/.
Further description of this technical information can be found in Chapter 13.

Photographs representing similar visibility conditions on best and worst days for baseline and
natural conditions are included in Figures 2.3.4-1 through 2.3.4-4.
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Baseline Best Days

Vista Reference: Mt. Bonneville
(Bridger Wilderness)

Photo Taken at 9:00 AM
Haze Index (HI) = 2 Deciviews
Bext = 12 Mm’™

Visual Range = 330 km/205 mi

Figure 2.3.4-1. BRID1 Monitor - Baseline Best Days
http://vista.cira.colostate.edu/Datawarehouse/IMPROVE/Data/Photos/BRID/start.htm

Baseline Worst Days

Vista Reference: Mt. Bonneville
(Bridger Wilderness)

Photo Taken at 9:00 AM
Haze Index (HI) = 11 Deciviews
Bext = 30 Mm’™

Visual Range = 130 km/81 mi

Figure 2.3.4-2. BRID1 Monitor - Baseline Worst Days
http://vista.cira.colostate.edu/Datawarehouse/IMPROVE/Data/Photos/BRID/start.htm
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Natural Best Days

Vista Reference: Mt. Bonneville
(Bridger Wilderness)

Photo Taken at 9:00 AM
Haze Index (HI) = 1 Deciview
Bex = 11 Mm™

Visual Range = 350 km/217 mi

Figure 2.3.4-3. BRID1 Monitor - Natural Best Days
http://vista.cira.colostate.edu/Datawarehouse/IMPROVE/Data/Photos/BRID/start.htm

Natural Worst Days

Vista Reference: Mt. Bonneville
(Bridger Wilderness)

| Photo Taken at 3:00 PM
Haze Index (HI) = 6 Deciviews
Bext = 18 Mm™

Visual Range = 220 km/137 mi

Figure 2.3.4-4. BRID1 Monitor - Natural Worst Days
http://vista.cira.colostate.edu/Datawarehouse/IMPROVE/Data/Photos/BRID/start.htm
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CHAPTER 3
POLLUTANTS CAUSING VISIBILITY IMPAIRMENT
IN WYOMING CLASS I AREAS

This chapter provides a summary of regional haze monitoring data from the IMPROVE
monitoring sites in Wyoming, and the pollutants that affect visibility impairment in each of
Wyoming’s Class I areas. A summary of the visibility improvement needed from baseline
(2000-2004) to the 2018 uniform rate of progress (URP) milestone, and to the 2064 natural
condition goal is also provided. Depictions of Wyoming IMPROVE monitoring sites are
provided in Chapter 2.

The following table identifies the different pollutant species that contribute to haze, and their
abbreviations, as they appear in the figures in this section. References to sulfate and nitrate in

this section are intended to reflect ammonium sulfate and ammonium nitrate, respectively.

Table 3-1. IMPROVE Monitor Aerosol Composition

Pollutant IMPROVE Abbreviation
Ammonium Nitrate ammno3f bext
Ammonium Sulfate ammso4f bext
EC (Elemental Carbon) ecf bext
OMC (Organic Mass Carbon) omcf bext
CM (Coarse Mass) cm_bext
Soil (Fine Soil) soilf bext
Sea Salt seasalt_bext

The figures which follow in this chapter provide information for each Class I area (based on
representative IMPROVE monitoring site) for the 20% best and 20% worst days during the
baseline period. monthly averages of all monitored days, and the improvement needed by 2018
and 2064.

Figures 3-1 and 3-2 summarize the distribution of pollutant species in Wyoming’s Class | areas,
for the current (2000-2004 baseline) 20% best and 20% worst days.
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Figure 3-1. Light Extinction by Pollutant Species for Wyoming Class I Areas 20% Best
Days (2000-2004)
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Figure 3-2. Light Extinction by Pollutant Species for Wyoming Class I Areas 20% Worst
Days (2000-2004)

Extinction (Mm-)

2 ___________________________________________________
0
YELL2 NOAB1 BRID1
Yellowstone NP North Absaroka Wilderness Bridger Wilderness
Grand Teton NP Washakie Wilderness Fitzpatrick Wilderness

Teton Wilderness

Amm.Sulfate ®MAmm.Nitrate EOMC BEC = Soil CM  HSecaSalt

As the above figures indicate, Wyoming’s Class | areas are dominated by sulfate and organic
carbon on the 20% best days, and organic carbon and sulfate on the 20% worst days. On the
20% best days. sulfate is significant in all of the Class | areas. The majority of this can be
attributed to point sources. On the 20% worst days, organic carbon is the most significant
species in all of the Class I areas, with natural fire having the largest contribution.

The following sections provide an additional breakdown of the pollutant species that contribute
to each Class I area. The first figure in each section shows a simple pie chart of the 20% best
and 20% worst days, similar to the bar chart figures above. The second figure in each section
shows the pollutant species based on monthly averages for all days (including best or worst)
during the baseline period, as an example of the seasonal variation in Class [ areas. The third
figure in each section presents a closer look at the daily variation during a given year--in this

case 2004. The fourth figure in each section shows the improvement needed (shown in reduction

in deciview) for each Class I area, from the baseline year to the 2018 milestone, and to 2064
natural conditions.
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3.1 Yellowstone National Park, Grand Teton National Park and Teton Wilderness

As depicted in the following figures, on the best 20% days sulfate is the dominant species, but
organic carbon is the largest contributor on the worst 20% days. Both sulfate and nitrate
pollutant species fluctuate during the year. Significant spikes of organic carbon, however, are
evident especially in the warmer months, most likely due to wildfire activity. Figure 3.1-4,
indicates a 1.3 deciview reduction would be needed to meet a 2018 URP, and a 5.4 deciview
reduction would be needed to meet a 2064 URP. While 51.308(d)(1)(i)(B) requires that the State
disclose the incremental change required to meet a URP goal, there is no requirement to meet a
URP goal. This is discussed in more detail in Chapter 7.

Figure 3.1-1. Yellowstone IMPROVE Site - Average Pollutant Species Contribution to
20% Best and 20% Worst Days Baseline (2000-2004)
YELL2 2000-2004

Best 20% Worst 20%
Aerosol bext = 4 Mm-1 Aerosol bext = 25.5 Mm-1
Daily range = 1.7 to 6.7 Mm-1 Daily range = 15.1 to 140.7 Mm-1
3.89% - 7.00%
0.08%

8 ammno3f_bext
| ammso4f_bext
cm_bext
B ect_bext
B omct_bext
 seasalt_bext
[ soif_bext

512%

(http://vista.cira.colosféte.edu/dev/;)\}é-b/ﬂAhnuérlVS'u”lfiméfYDev/Cv(')mrﬁbomsitioAri:aspx) o
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Figure 3.1-2. Yellowstone IMPROVE Site - Monthly Average Pollutant Species Variation
for All Days Sampled During the Baseline Period (2000-2004)
Monitoring Data for All IMPROVE Sampled Days
Class | Areas - Grand Teton NP, WY: Red Rock Lakes NWRW, MT: Teton W, WY: Yellowstone NP, WY

800 -
700
60.0 X SeaSalt Extinction
. CM Extinction
- o0 B soil Etinction
§ 400 Wecedncion
30 Bovc Edinction
[ NO3 Exinction
o | 1504 Extinction
100 - |
'll||| |Il|l|"||| |- II|I||I|I| I.,..I II'IIIII

8 Q Q 9 @ r v - - N N N N I\] O 0 0 O D O A S
Q Q 9 Q 8 8 0 0 Q Q Q O Q0 O Q 8 Q 0 0 Q Q@ Q@ 8
Q O D 0 0 O 0 Q0 Q0 0 0 0 0 Q0 O o Q0 Q0 Q O Q0 0O O 0
N N N N BN NN NN NNNNNNN NN NN NN NN NN
~”
WRP.PTSG mmm 0 CO 9 ('\_J N ¢ 0 © 'O_ (‘! N T 0 2 '(\_4 N T ©0 © ?_ ‘r! N T 0 0o 9 ('\_J

(WRAP \P TSS - http: //vista.cira.colostate.edu/tss/)

Figure 3.1-3. Yellowstone IMPROVE Site - Pollutant Species Variation for All Days
Sampled in 2004 o
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Figure 3.1-4. Yellowstone IMPROVE Site - Baseline Worst Day Aerosol Composition
Compared to Visibility Improvement Needed by 2018 & 2064

Yellowstone NP, Grand Teton NP and Teton Wilderness Area
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3.2 North Absaroka and Washakie Wilderness Areas

As depicted in the following figures, on the best 20% days sulfate is the dominant species, but
organic carbon is the largest contributor on the worst 20% days. Both sulfate and nitrate
pollutant species fluctuate during the year. Like the Yellowstone IMPROVE site, the North
Absaroka IMPROVE site shows significant spikes of organic carbon, especially in the warmer
months most likely due to wildfire activity. Figure 3.2-4, indicates a 1.1 deciview reduction
would be needed to meet a 2018 URP, and a 4.7 deciview reduction would be needed to meet a
2064 URP. While 51.308(d)(1)(i)(B) requires that the State disclose the incremental change
required to meet a URP goal, there is no requirement to meet a URP goal. This is discussed in
more detail in Chapter 7.
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Figure 3.2-1. North Absaroka IMPROVE Site - Average Pollutant Species Contribution to
20% Best and 20% Worst Days Baseline (2000-2004)
NOAB1 2002-2004

Best 20% Worst 20%
Aerosol bext = 3.3 Mm-1 Aerosol hext = 23.7 Mm-1
Daily range = 1.1 to 5.4 Mm-1 Daily range = 14.5to 63.2 Mm-1
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Figure 3.2-2. North Absaroka IMPROVE Site - Monthly Average Pollutant Species
Variation for All Days Sampled During the Baseline Period (2000-2004)
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Figure 3.2-3. North Absaroka IMPROVE Site - Pollutant Species Variation for All Days
Sampled in 2004
Monitoring Data for All MPROVE Sampled Days
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Figure 3.2-4. North Absaroka IMPROVE Site - Baseline Worst Day Aerosol Composition
Compared to Visibility Improvement Needed by 2018 & 2064
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3.3 Bridger and Fitzpatrick Wilderness Areas

As with all other Wyoming Class [ areas, on the best 20% days sulfate is the dominant species,
but organic carbon is the largest contributor on the worst 20% days. Both sulfate and nitrate
pollutant species fluctuate during the year. Like the other Class I sites, the Bridger IMPROVE
site shows significant spikes of organic carbon, especially in the warmer months most likely due
to wildfire activity. Figure 3.3-4, indicates a 1.1 deciview reduction would be needed to meet a
2018 URP, and a 4.6 deciview reduction would be needed to meet a 2064 URP. While
51.308(d)(1)(1)(B) requires that the State disclose the incremental change required to meet a URP
goal, there is no requirement to meet a URP goal. This is discussed in more detail in Chapter 7.

Figure 3.3-1. Bridger IMPROVE Site - Average Pollutant Species Contribution to 20%
Best and 20% Worst Days Baseline (2000-2004)
BRID1 2000-2004

Best 20% Worst 20%
Aerosol bext = 3.4 Mm-1 Aerosol bext = 22.6 Mm-1
Daily range = 0.9 to 5.9 Mm-1 Daily range = 13.4 to 104.6 Mm-1
4.85% 6.21%
0.18%
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Figure 3.3-2. Bridger IMPROVE Site - Monthly Average Pollutant Species Variation for
All Days Sampled During the Baseline Period (2000-2004)

Monitoring Data for All IMPROVE Sampled Days
Class | Areas - Bridger W, WY: Fitzpatrick W, Wy
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Figure 3.3-3. Bridger IMPROVE Site - Pollutant Species Variation for All Days Sampled
in 2004

Monitoring Data for Al MPROVE Sampled Days
Class | Areas - Bridger W, WY: Fitzpatrick W, WY
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Figure 3.3-4. Bridger IMPROVE Site - Baseline Worst Day Aerosol Composition

Compared to Visibility Improvement Needed by 2018 & 2064
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CHAPTER 4
STATEWIDE EMISSION INVENTORY

4.1 Introduction

The process for inventorying sources is similar for all species of interest. The number and types
of sources is identified by various methods. For example, major stationary sources report actual
annual emission rates to the EPA national emissions database. Wyoming collects annual
emission data from both major and minor sources and this information is used as input into the
emissions inventory. In other cases, such as mobile sources, an EPA mobile source emissions
model is used to develop emission projections. Population, employment and household data are
used in other parts of the emissions modeling to characterize emissions from area sources such as
home heating. Thus, for each source type, emissions are calculated based on an emission rate
and the amount of time the source is operating. Emission rates can be based on actual
measurements from the source, or EPA emission factors based on data from tests of similar types
of emission sources. In essence all sources go through the same process. The number of sources
is identified, emission rates are determined by measurements of those types of sources and the
time of operation is determined. By multiplying the emission rate times the hours of operation in
a day, a daily emission rate can be calculated. A second inventory is created to predict emissions
in 2018 based on expected controls, growth, or other factors. Additional inventories are created
for future years to simulate the impact of different control strategies.

The following presents the Wyoming emissions from the WRAP TSS.
4.2 SOy Emission Inventory

Table 4.2-1. Wyoming SO, Emission Inventory - 2002 and 2018

Wyoming Planning and Preliminary Reasonable Progress
Emission Inventories
Statewide SO,
Net Change
From Plan 02d
Plan 02d PRP18b to PRP18b
Source Category (tpy) (tpy) (Percent)

Point 120,991 98,815 -18
Area 16,874 23,331 38
On-Road Mobile 1,010 97 -90
Off-Road Mobile 6,340 407 -94
Oil & Gas 150 3 -98
Road Dust 1 1 0
Fugitive Dust 3 4 33
Windblown Dust 0 0 0
Anthro Fire 213 130 -39
Natural Fire 2,903 2,903 0
Biogenic 0 0 0
Total 148,485 125,691 -15
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Sulfur oxides (SOx) are compounds of sulfur and oxygen molecules. Sulfur dioxide (SO,) is the
predominant form found in the lower atmosphere. Sulfur dioxide emissions produce sulfate
particles in the atmosphere. Ammonium sulfate particles have a significantly greater impact on
visibility than other pollutants like dust from unpaved roads due to the physical characteristics
causing greater light scattering from the particles. Sulfur dioxide emissions come primarily from
coal combustion at electrical generation facilities, but smaller amounts come from natural gas
combustion, mobile sources and even wood combustion. There are natural sources of sulfur
dioxide such as volcanoes. A 15% statewide reduction in SOy emissions is expected by 2018
due to planned controls on existing sources, even with a growth consideration in generating
capacity for the State. Similar reductions are expected from other states as BART or other
planned controls take effect by 2018. Common sources of fugitive dust include unpaved roads,
agricultural tilling operations, aggregate storage piles, and heavy construction operations.

4.3 NOy Emission Inventory

Table 4.3-1. Wyoming NO, Emission Inventory - 2002 and 2018

Wyoming Planning and Preliminary Reasonable Progress
Emission Inventories

Net Change
From Plan02d

Plan02d PRP18b to PRP18b

Source Category (tpy) (tpy) (Percent)

Point 117,849 110,167 -7
Area 5204 19,672 29
On-Road Mobile 38,535 9,728 -75
Off-Road Mobile 76,637 49,677 -35
QOil & Gas 14,725 34,142 132
Road Dust 0 0 0
Fugitive Dust 2 3 50
Windblown Dust 0 0 0
Anthro Fire 787 486 -62
Natural Fire 8,434 8,434 0
Biogenic 15,925 15,925 0
Total 288,095 248,234 -14

Nitrogen oxides (NOy) are generated during any combustion process where nitrogen and oxygen
from the atmosphere combine together under high temperature to form nitric oxide, and to a
lesser degree nitrogen dioxide, and in much smaller amounts other odd oxides of nitrogen.
Nitrogen oxides react in the atmosphere to form nitrate particles. Nitrogen oxide emissions in
Wyoming are expected to decrease by 2018, primarily due to significant improvements in mobile
sources. It is projected that off-road and on-road vehicles emissions will decline by more than
55,760 tons per year from the Plan02d emissions total of 115,172 tons per year. Point sources
are also projected to decrease statewide emissions by about 7,680 tons per year. A power plant
would be a typical example of a point source. Oil and gas development is expected to increase
statewide emissions from 2002 to 2018 by about 19,000 tons per year. With population
increases and more construction, fugitive dust emissions will also increase.
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4.4 OC Emission Inventory

Table 4.4-1. Wyoming OC Emission Inventory - 2002 and 2018

Emission Inventories

Wyoming Planning and Preliminary Reasonable Progress

Statewide OC

Net Change
From Plan02d

Plan02d PRP18b to PRP18b

Source Category (tpy) (tpy) (Percent)

Point 646 990 53
Area 2,000 1,975 -1
On-Road Mobile 304 249 -18
Off-Road Mobile 625 411 -34
Oil & Gas 0 0 0
Road Dust 20 26 30
Fugitive Dust 96 133 39
Windblown Dust 0 0 0
Anthro Fire 1,709 886 -93
Natural Fire 23,793 23,793 0
Biogenic 0 0 0
Total 29,193 28,463 -3

Draft 8/25/09

Organic carbon particles emitted directly from the combustion of organic materials are called
primary organic aerosols. A wide variety of sources contribute to this classification including
byproducts from wood and agricultural burning with emissions from natural fires as the largest
contributor to organic carbon emissions. Since it is impossible to predict future emissions from
natural fires. this category was held constant and organic carbon emissions from all other sources

are expected to show a 3% decline.
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4.5 EC Emission Inventory

Table 4.5-1. Wyoming EC Emission Inventory - 2002 and 2018

Wyoming Planning and Preliminary Reasonable Progress

E I t:

Net Change
From Plan02d

Plan02d PRP18b to PRP18b

Source Category (tpy) (tpy) (Percent)

Point 104 180 73
Area 304 335 10
On-Road Mobile 443 86 -81
Off-Road Mobile 1,986 1,161 -42
Oil & Gas 0 0 0
Road Dust 2 2 0
Fugitive Dust 7 9 29
Windblown Dust 0 0 0
Anthro Fire 298 153 -49
Natural Fire 4922 4,922 0
Biogenic 0 0 0
Total 8,066 6,848 -15

Draft 8/25/09

Elemental carbon is the carbon black, or soot, a byproduct of incomplete combustion. It is the
partner to primary organic aerosols and represents the more complete combustion of fuel
producing carbon particulate matter as the end product. A carbon particle has a sixteen times
greater impact on visibility than that of a coarse particle of granite. Reductions in manmade
emissions in elemental carbon are largely due to mobile sources and expected new Federal
emission standards for mobile sources, especially for diesel engines. Fleet replacement will also
play a part in the reduction. Elemental carbon emissions are predicted to decrease approximately
15% by 2018. As with organic carbon, however, the overwhelming source for elemental carbon
is from wildfires which the Division cannot control or predict future emissions.



4.6 Fine PM Emission Inventory

Table 4.6-1. Wyoming Fine PM Emission Inventory - 2002 and

2018

Wyoming Planning and Preliminary Reasonable Progress
Emission Inventories

Net Change
From
Plan02d to
Plan02d PRP18b PRP18b
Source Category (tpy) (tpy) (Percent)
Point 11,375 15,709 38
Area 1,601 1,756 10
On-Road Mobile 0 0 0
Off-Road Mobile 0 0 0
QOil & Gas 0 0 0
Road Dust 160 206 29
Fugitive Dust 2,082 2,882 38
Windblown Dust 5,838 5,838 0
Anthro Fire 242 129 -47
Natural Fire 1,535 1,535 0
Biogenic 0 0 0
Total 22,833 28,055 23
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Fine soil emissions are largely related to agricultural and mining activities, windblown dust from
construction areas and emissions from unpaved and paved roads. A particle of fine dust has a
relative impact on visibility one tenth as great as a particle of elemental carbon. On any given
visibility event where poor visual air quality is present in a scene, the impact of dust can vary
widely. Agricultural activities, dust from unpaved roads and construction are prevalent in this
source category and changes in emissions are tied to population and vehicle miles traveled.
Since soil emissions are not directly from the tailpipe of the vehicle, the category of mobile
sources does not show any emissions and all vehicle related emissions from paved and unpaved
roads show up in the fugitive dust and road dust categories.
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4.7 Coarse PM Emission Inventory

Table 4.7-1. Wyoming Coarse PM Emission Inventory - 2002
and 2018

Emission Inventories

Wyoming Planning and Preliminary Reasonable Progress

Net Change
From Plan02d

Plan02d PRP18b to PRP18b

Source Category (tpy) (tpy) (Percent)

Point 24,751 30,619 24
Area 409 653 60
On-Road Mobile 171 165 -4
Off-Road Mobile 0 0 0
Oil & Gas 0 0 0
Road Dust 1,125 1,449 29
Fugitive Dust 18,030 25144 39
Windblown Dust 52,546 52,546 0
Anthro Fire 259 109 -58
Natural Fire 5,369 5,369 0
Biogenic 0 0 0
Total 102,660 116,054 13

Draft 8/25/09

Coarse mass particles emissions are closely related to the same sources as fine soil emissions but
other activities like rock crushing and processing, material transfer, open pit mining and unpaved
road emissions can be prominent sources. Coarse mass particles travel shorter distances in the
atmosphere than some other smaller particles but can remain in the atmosphere sufficiently long
enough to play a role in regional haze. Coarse mass particulate matter has the smallest direct
impact on regional haze on a particle-by-particle basis where one particle of coarse mass has a
relative visibility weight of 0.6 compared to a carbon particle having a weight of 10. Increases in
coarse mass are seen in the fugitive and road dust categories, as well as point and area source
categories. These increases are largely attributable to population growth, vehicle miles traveled

and employment data.
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4.8 Ammonia Emission Inventory

Table 4.8-1. Wyoming Ammonia Emission Inventory - 2002

Draft 8/25/09

and 2018
Wyoming Planning and Preliminary Reasonable Progress
Emission Inventories
Net Change
From
Plan02d to
Plan02d PRP18b PRP18b
Source Category (tpy) (tpy) (Percent)

Point 685 1,398 104
Area 29,776 29,901 0
On-Road Mobile 538 724 35
Off-Road Mobile 41 57 39
Oil & Gas 0 0 0
Road Dust 0 0 0
Fugitive Dust 0 0 0
Windblown Dust 0 0 0
Anthro Fire 218 119 -45
Natural Fire 1,775 1,775 0
Biogenic 0 0 0
Total 33,033 33,974 3

Ammonia emissions come from a variety of sources including wastewater treatment facilities,
livestock operations, and fertilizer application and to a small extent, mobile and point sources.
Increases in ammonia emissions are correlated to population statistics and increased vehicular
traffic. Ammonia is directly linked to the production of ammonium nitrate and ammonium
sulfate particles in the atmosphere when sulfur dioxide and nitrogen oxides eventually convert
over to these forms of particles. Mobile source emissions are expected to rise due to increases in
vehicle miles traveled. Future point source emissions are also expected to increase by 2018,
however, little to no overall increases in ammonia are predicted for 2018.

4.9 PRP18b

A “base case” emissions projection inventory was compiled by the WRAP in January of 2006.
In June 2007, a revision to this inventory named 2018 Preliminary Reasonable Progress version
“a” (PRP18a) updated the first set (base case) of projections. The most recent projections, 2018
Preliminary Reasonable Progress version “b”" (PRP18b), provides a more current assessment of
the reasonable progress toward visibility goals by the WRAP. Table 4.9-1 below depicts the net
change from the PRP18a NOy emission inventories to the PRP18b emission inventories.
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Table 4.9-1. Net Change From PRP18a to PRP18b Emission Inventories

Draft 8/25/09

PRP18a NO, PRP18b NO, Net Change Net Change
Source Emission Emission From PRP18a From PRP18a
Category Inventory Inventory to PRP18b to PRP18b
(tpy) (tpy) (tpy) (%)
Point 133,216 110,109 -23,107 -17%
girfzc(gi‘;des 53,806 53.805 No Change No Change
On-Road Mobile 9,728 9,728 No Change No Change
Off-Road Mobile 59,378 49,676 -9,702 -16%

The off-road mobile category showed a 16% decrease in NO, emissions, 89% of which was
attributable to locomotives. The remaining 11% was attributable to off-road equipment. A
decrease of 17% in point source NO, emissions was achieved, with 89% of the decrease due to
BART. Area and on-road source categories remained virtually unchanged.

Two ERG Technical Memorandums, documenting PRP18a and PRP18b emission inventories,
can be found in Chapter 4 of the Wyoming TSD.
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CHAPTER 5
SOURCE APPORTIONMENT AND REGIONAL HAZE MODELING

5.1 Overview

Visibility impairment occurs when pollutants emitted into the atmosphere scatter and absorb
light, thereby creating haze. These pollutants can remain suspended in the atmosphere for long
periods and be transported long distances, thereby contributing to regional-scale impacts on
visibility in Class [ areas. Air quality models offer the opportunity to better understand how
these impacts occur, by identifying the sources that contribute to haze, and helping to select the
most effective emissions reduction strategies to improve visibility.

Wyoming Class | area visibility is affected by a combination of local and regional transport of air
pollutants. Chapter 4 provided information on emission inventories, as the first step in
identifying significant source categories causing visibility impairment. This chapter describes
the results of (1) source apportionment analysis showing the in-state and regional contribution of
haze sources, for the 20% worst and best visibility days, and (2) regional modeling projections of
visibility conditions by the 2018 benchmark or milestone, based on application of the regional
haze strategies outlined in this Plan, including BART. The source apportionment information
and regional modeling results are the basis for the demonstration of reasonable progress for the
20% worst and best days, described in Chapter 7.

Additional explanation of the source apportionment and modeling methodology can be found in
the WRAP Air Quality Modeling methods document in Chapter 5 of the Wyoming TSD.

5.1.1 Source Apportionment Analysis - PSAT and WEP

In order to determine the significant sources contributing to haze in Wyoming’s Class [ areas, the
Division has relied upon source apportionment analysis techniques provided by the WRAP for
this Regional Haze Plan. This information can be found on the WRAP TSS website at
http://vista.cira.colostate.edu/TSS/Results/HazePlanning.aspx. There were two techniques used
for source apportionment of regional haze. One was the Particulate Matter Source
Apportionment Technology (PSAT) tool, used for the attribution of sulfate and nitrate sources
only. The second was the Weighted Emissions Potential (WEP) tool, used for attribution of
sources of sulfate, nitrate, organic carbon, elemental carbon, fine PM, and coarse PM.

PSAT uses the CAMX air quality model to show nitrate-sulfate-ammonia chemistry and applies
this chemistry to a system of tracers or “tags”™ to track the chemical transformations, transport
and removal of NOy and SO,. Emission scenarios used for the PSAT analyses were the plan02¢
and base18b. PSAT results were not regenerated for use in this document using the more
recently updated plan02d and prp18b emissions scenarios because of the time and resources that
would have been required. No significant changes were anticipated with additional modeling
runs. These two pollutants are important because they tend to originate from anthropogenic
(human-caused) sources. Therefore, the results from this analysis can be useful in determining
contributing sources that may be controllable, both in-state and in neighboring states.
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WEP is a screening tool that helps to identify source regions that have the potential to contribute
to haze formation at specific Class I areas. Unlike PSAT, this method does not account for
chemistry or deposition. The WEP combines emissions inventories, wind patterns, and residence
time of air mass over each area where emissions occur, to estimate the percent contribution of
different pollutants. Like PSAT, the WEP tool compares baseline (2000-2004) to 2018, to show
the improvement expected by the 2018 URP, for sulfate, nitrate, organic carbon, elemental
carbon, fine PM, and coarse PM.

As described in Section 5.2 below, the Division believes PSAT is a better tool than WEP for
identifying the contribution of sulfates and nitrates to Wyoming Class I areas, because PSAT
does account for chemistry and deposition, and is better at identifying regional contribution of
sources from outside the WRAP region (see discussion in 5.2 below). For these reasons, the
Division has relied upon the PSAT results as the primary source apportionment tool for sulfates
and nitrates, and thus the better tool for identifying anthropogenic sources. The results from the
WEDP analysis were used by the Division primarily to identify the pollutants more commonly
associated with non-anthropogenic (natural) sources. Even though these sources are mostly
uncontrollable, it is still important to consider their relative contribution to haze.

The review of PSAT results in this chapter (discussed in 5.2 below) focus on the contribution on
sulfates and nitrates, while the WEP results focus on the contribution of organic carbon,
elemental carbon, fine PM, and coarse PM.

5.1.2 Regional Haze Modeling - CMAQ

The primary tool utilized by the Division for modeling regional haze improvements by 2018, and
for determining Wyoming’s Reasonable Progress Goals (see Chapter 7), was the Community
Multi-Scale Air Quality (CMAQ) model. The CMAQ model was used to estimate 2018
visibility conditions in Wyoming and all Western Class I areas, based on application of the
regional haze strategies presented in this Plan, including assumed controls on BART sources. A
more in depth description of the CMAQ model used to project 2018 visibility conditions can be
found in the WRAP Air Quality Modeling document referenced in Chapter 5 of the Wyoming
TSD.

The modeling was conducted by the Regional Modeling Center (RMC) at the University of
California Riverside, under the oversight of the WRAP Modeling Forum. Results can be found
on the WRAP TSS website at http://vista.cira.colostate.edu/tss/Results/HazePlanning.aspx.

The CMAQ model was designed as a “one atmosphere™ modeling system to encompass
modeling of multiple pollutants and issues, including ozone, PM, visibility, and air toxics. This
is in contrast to many earlier air quality models that focused on single pollutants. CMAQ takes
into account emissions, advection and dispersion, photochemical transformation, aerosol
thermodynamics and phase transfer, aqueous chemistry, and wet and dry deposition of trace
species. The model requires inputs of three-dimensional gridded wind, temperature, humidity,
cloud/precipitation, and boundary layer parameters. The current version of CMAQ can only
utilize output fields from the MMS5 meteorological model. MMS is a state-of-the-science
atmosphere model that has proven useful for air quality applications and has been used
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extensively in past local, state, regional, and national modeling efforts. MM5 has undergone
extensive peer review, with all of its components continually undergoing development and
scrutiny by the modeling community.

The RMC developed air quality modeling inputs including annual meteorology and emissions
inventories for a 2002 actual emissions base case, a planning case to represent the 2000-2004
regional haze baseline period using averages for key emissions categories, and a 2018 base case
of projected emissions determined using factors known at the end of 2005. All emission
inventories were prepared for CMAQ using the Sparse Matrix Operator Kernel Emissions
(SMOKE) modeling system. Each of these inventories underwent a number of revisions
throughout the development process to arrive at the final versions used in CMAQ modeling. The
development of each of these emission scenarios is documented under the emissions inventory
sections of the TSS.

The 2018 visibility projections were made using the Plan02¢ and Base18b CMAQ 36-km
modeling results. Projections were made using relative response factors (RRFs), which are
defined as the ratio of the future-year modeling results to the current-year modeling results. The
calculated RRFs are applied to the baseline observed visibility conditions to project future-year
observed visibility.

Generally, emissions inputs were prepared by individual states and tribes for point, area, and
most dust emissions categories. The following WRAP Forums were relied upon to summarize
this data and provide it to the RMC:

% Point Source emissions were obtained from projects commissioned by the Stationary

Sources Joint Forum and the Emissions Forum.

Area Source emissions were obtained from projects commissioned by the Stationary

Sources Joint Forum and the Emissions Forum.

Mobile Source emissions were from projects commissioned by the Emissions Forum.

Fire (natural and anthropogenic) emissions were from projects commissioned by the Fire

Emissions Joint Forum.

% Ammonia. Dust. and Biogenic emissions were from projects commissioned by the Dust

Emissions Joint Forum and the Modeling Forum.

Emissions from Pacific offshore shipping were from a project conducted by the RMC.

Other emissions from North America were from projects commissioned by the Emissions

Forum and the Modeling Forum. The Mexico emissions are from 1999, and were held

constant for 2018. Canada emissions are from 2000 and were held constant for 2018.

% Boundary conditions reaching North America from the rest of the world were from a
project commissioned by the VISTAS Regional Planning Organization, on behalf of the
five regional planning organizations working on regional haze.

O/
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The results from the CMAQ regional modeling analysis are discussed later in this section.

' See WRAP TSS website under “Resources”, “Emissions”, and “Offshore Emissions™ for summary, or go to
http://vista.cira.colostate.edu/docs/wrap/emissions/Offshore Emissions.doc.
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5.2 Major Source Categories Contributing to Haze in Wyoming

Figures in this section show profiles of the relative contribution of in-state vs. out-of-state
sources contributing to emissions in Wyoming’s Class I areas, for the 20% worst and best days,
for the baseline (2000-2004) and future year (2018) scenarios, using the PSAT and WEP
techniques. The Wyoming Class I areas are grouped by general location (based on
representative IMPROVE monitoring sites).

As previously described, there are several differences between the PSAT and WEP techniques.
PSAT focuses on sulfate and nitrate contribution only, taking into account chemistry and
deposition. PSAT also estimates the contribution from all regions--the WRAP states, CENRAP
states’, Canada, Mexico, Pacific offshore (shipping), and “outside the domain” (global transport).
The WEP does not address sulfate and nitrate chemistry and deposition, and while it does
estimate the contribution from Canada and Pacific offshore regions, it does not include other
regional contributions.

Based on these differences, the figures provided below focus on PSAT results for identifying the
contribution of sulfates and nitrates (the primary anthropogenic source pollutants) and WEP
results for identifying the contribution of organic carbon, elemental carbon, fine PM, and coarse
PM (commonly associated with non-anthropogenic sources).

Sections 5.2.1 through 5.2.4 below show 20% worst- and best-day PSAT profiles on the
contribution of sulfate and nitrate at each IMPROVE monitoring site representing the Class |
areas in Wyoming. The pie charts display relative regional contributions to total annual modeled
sulfate and nitrate mass at the respective sites. The WRAP contribution is separated from the
rest of the pie for easy identification. The remaining pie slices are outside the Western United
States, for the regions described above.

The PSAT bar charts below the pie charts display source region and source category
contributions of sulfate and nitrate mass. There are five source categories listed--point, area,
mobile, anthropogenic fires (controlled burning), and natural and biogenic sources (mostly
wildfire and windblown dust). Estimated contributions outside the modeling domain (Outside
Domain) are also shown, and include Mexico, Canada, and Pacific offshore emissions.

Sections 5.2.5 through 5.2.12 present WEP profiles for organic carbon, elemental carbon, fine
PM, and coarse PM, at Class I areas in Wyoming.

Unlike the PSAT figures. the WEP figures are bar charts only and summarize weighted
emissions by state and region for 12 source categories. These categories are windblown dust,
fugitive dust, road dust, off-road mobile, on-road mobile, off-shore, WRAP area oil and gas,
area, biogenic, natural fire, anthropogenic fire, and point. This analysis used more source
categories than the PSAT analysis to account for the additional pollutant types, and the more
natural origins contributing to these pollutants, including dust and fire sources.

* CENRAP is a regional planning organization similar to the WRAP that is comprised of Nebraska, Kansas,
Oklahoma, Texas, Minnesota, lowa, Missouri, Arkansas, and Louisiana.
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5.2.1 PSAT Regional Contribution to Sulfate on 20% Worst Days

Figures 5.2.1-1 through 5.2.1-3 in this section illustrate the state and regional contribution of
sulfate to the 20% worst days in Wyoming Class | areas for 2002 and 2018, based on PSAT
profiles for each IMPROVE monitoring site representing the nearest Class I areas. The figures
below consist of a pie chart that shows the estimated contribution of the major regions (WRAP
states, Pacific Offshore, CENRAP, Eastern U.S., Canada, Mexico, and Outside Domain
(global)). The bar chart is the WRAP source region portion, depicting Wyoming and other
western states.

Note that in all the figures in this section, the majority of sulfate emissions originate outside the
WRAP region. However, the nitrate contribution, discussed in Sections 5.2.3 and 5.2.4, is much
higher within the WRAP region. The WRAP contribution is about one-third of the total, with the
exception of the Bridger site, where the contribution is more than one-half. The largest
contributor is outside the domain, or “global”. Among the other regions (not including the
WRAP region), Canada, followed by Pacific Offshore and Mexico are the next sizable
contributors.

Also indicated in these figures, the largest contributor of sulfate is generally from point sources.
The variation in sulfate contribution is based on the location of the Class I area monitoring site in
the State. For example, the contribution of sulfate from Canada and Montana are the highest in
the northernmost Class I area monitoring site, the North Absaroka Wilderness area. Similarly,
the sulfate contribution from Mexico is highest in the southernmost Class | area monitoring site,
the Bridger Wilderness area.

In terms of comparison of 2002 and 2018, it can be seen that the WRAP portion of the pie chart

remains nearly unchanged, with only slight increases in 2018. The source category that accounts
for this slight increase is primarily point.
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Figure 5.2.1-1. PSAT Sulfate Contribution at Yellowstone NP, Grand Teton NP, and Teton
Wilderness on 20% Worst Visibility Days
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It is interesting to note that for the 20% worst days at Yellowstone, the point source sulfate
contribution is approximately the same from Idaho as from Wyoming, most likely due to the
proximity of industrial sources and wind direction. There is also a noticeable contribution from
point sources in Canada, and a sizeable contribution from Mexico. Area and mobile sources
from Wyoming and Idaho are much less. Close to half of the sulfate <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>