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OnJduly 1, 1999 EPA issued final rules amending its 1980 regul ations designed to protect visua air quality in
156 of America snational park and wildernessareas. Figure 1-1 delineates the parks and wilderness areas with
protected visual environmentsidentified by EPA. These areas are commonly referred to as mandatory Class|
areas. Visihility impairment is caused by manmade air pollutants that interfere with the ability to clearly see
scenicvistasinthese Class| areas. Air contaminants absorb and scatter light, causing a“haze” effect which

degradesthevisual quality.

Faodevelt Calppobello (IF)

fjBob Marshall iy
* Seapegoat (W)
oy gien, 53 ofthe bloungin (1)
T4 = #nacanda Pirtlar (40
R Lajee

Boundry laters Canoe £eea (M)
+ kle Ronal (NF)

™ Badlands.
*iiind Cave (NP)CW)

bl - i
e pe L B
Lassn hlcanic (HF) g, iamer (T = Fzpatrick ()
J £ + Bridger ()

T ) ;
Pinnades! . - q * Canyhs
wermna (W) P ir g . hl
| . o
. * hammeth Cave7HF)
=, LA hor o d
N *lhesl . b
. 5 . b () 520 pe .
M 7 et * Paco: B i ..!. t
e Ry
oy i

= thichits Mourtais

p (0
Kt Bald
L oan® auyssﬂg el pache

i
+ Carlsbad fawems (HP)

Chiricahuz (1)

Map of 156 National Park and Wilderness Areas
Protected by EPA's Regional Haze Rule
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Fig. 1-1. Mandatory Class| areas protected under theregional hazerule. Source: EPA, 1999.

Theregional hazerule callsfor states to devel op long-term goals and plans for reducing emissions that will
improvevisibility inthese parks and wilderness areas. Therule aso encourages States and Tribesto work
together in developing these plansto improvevisibility. Many statesthat share common airsheds and
characteristics have joined together in regional planning organizations (RPOs) to work together in solving these
complex air quality problems. Inthe central United States, Nebraska has joined with 8 other statesto examine the
science of haze and devel op possible solutionsin aregional planning organization known asthe Central States
Regiona Air Planning Association (CENRAP). Each of these states share strong agricultural backgrounds, and
areworking to scientifically evaluate the uniquerol e that this sector hasin the formation of fine particlesand

regional haze.




Steced Hazeand Vighility

Visibility or visual air quality refers to the relationship of atmospheric contaminants and the ability to see
distant scenic objects. Under natural conditions with no manmade atmospheric pollutants, one would be able to
see 60 — 80 miles in the eastern United States and 100 — 150 miles in the western United States. Manmade air
pollutants, gases and particles, will absorb and scatter visiblelight, thus reducing the amount of visua information
that would reach an observer. Thisoccurs naturally to avery limited degree but manmade air pollutants represent
thelargest contributor to degradationinvisual air quality.

We are most concerned with two types of gases and particles, primary and secondary. Primary refersto agas
or particle emitted from a source directly, while secondary refers to airborne dispersions of gases and particles
formed by atmospheric chemical reactions of secondary and primary pollutants (Malm, 2000). Examples of
primary particles are smoke from forest fires, carbon from diesel combustion, ash from the burning of coal, and
wind-blown dust. Primary gaseous emissions of concern are sulfur dioxides emitted from coal burning, oxides of
nitrogen that are the result of any type of combustion such as coal-fired power plants and automobiles, and
hydrocarbons usually associated with automobiles but also are emitted by vegetation, especialy coniferous
vegetation (Mam, 2000).
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a size that is disproportionately responsible for visibility impairment.
Source: Malm, 2000.

Sulfate plus Water

Figure 2-2 represents asimplified schematic of how particlesin the atmosphereinteract with light that travelsfrom
the distance sceneto the observer. Particlesaong the path from the light from the sceneto the observer can
absorb or scatter light, reducing the amount of light from the scene. Additionally, particles can also scatter light
from other sourcesinto the sight path, further reducing the visua qudity of the scene. Thislight may reflected
from clouds or the ground, or bedirect sunlight. Sincethislight isnot reflected from ascene, it contains no visual
information. The combination of scattering and absorption from many differing sources and directionsresultsin
what isreferred to as haze, resulting in degradation of visual quality.
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Fig. 2-2. Schematic of visibility impairment dueto light scattering and
absorption. Source: NESCAUM, 2001.
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Figure 2-3and 2-4 are
depictions of the affect
of light scattering and
absorptiononthevisual
quality of ascience.
Figure 2-3 isfrom the
Mt. Zirkel National
Wildernessarea, a
mandatory Class | area
in northwestern
Colorado. Figure2-4is
theeffect of haze onthe
urban skylinein
Woashington D.C. The
|eft side of each scene
represents natural or
clean background
conditions. Theright
side of each scene
representsthevisual
effectsof hazeonthe
average of the 20%
worst days at each
location.

Fig. 2-3. Visual quality of scenefromthe Mt. Zirkel Wilderness Area, CO. Theleft sceneisvisual quality
under natural background conditions. Right sceneisvisual quality under average of the 20% wor st days at

thissite.




Waszhington, D.C.
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Fig. 2-4. Visual quality of scene fromWashington, D.C. skyline. Left sceneisvisual quality under natural
background conditions. Right sceneisvisual quality under average of the 20% wor st days at thissite.

Emissonsand Air Quelity

Asmentioned in Section 2, fine particulate matter (PM) contributing to regional haze isamixture, with
componentsthat are directly emitted into the atmosphere and those that are transformed through complex
chemical reactions. Primary particulate matter emissions come from awide variety of sourcesranging from
crustal material (dust and soil generated from things such ason and off-road vehicle activity, dirt roads,
agricultural tilling, erosion, etc.), soot (inorganic carbon) from fossil fuel combustion (diesel, coal fly ash, etc.),
and from avariety of industrial activities.

Secondary particulate matter is has amore diverse set of gases and environmental conditionsthat areinvolved
in the chemical reactionsthat take placein the atmosphere. The three most common components of secondary
particulate matter are sulfates, nitrates, and organic carbon. Sulfatesand nitrates usualy result fromthe
atmospheric oxidation of SO, and NO,, where oxygen atoms combine with these gaseous pollutants and ammonia
to form astable particle. SO, ismost commonly emitted into the atmosphere from the use of coa asfuel in utility
and largeindustrial boilers. NO isa so released from the combustion of fossil fuels from these boilers.
Automobile emissions are also alarge source of NO,, but also contribute significantly to hydrocarbonsin the
atmospherethat havearolein forming organic carbon particles.

Ammoniaisuniquein that it combines with both sulfates and nitrates to form secondary particles. Ammonia
emissions aretheleast understood of al of these components. Thereissignificant question about the quantity of
ammoniathat is actually released into the atmosphere and also the time of year when such releases are most
common. It isestimated that 86% of all anmoniaisthe result of agricultural activities such asanimal husbandry
and fertilizer application (See Figure 3-1).
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Fig. 3-1. Ammonia Emissions by Principal Source Category. Source;
EPA, 2000.

Meteorological conditions
haveasignificant roleinthe
formation of these
secondary particles. While
sulfate levels are the most
significant component over
alarge portion of the United
States, what component
representsthe second largest
fraction of the overall
secondary PM massis
largely afunction of the
climate of theregion. There
isastrong transitionin PM
chemistry asonemoves
both north-south and east-
west across the United
States. Inareasof the
country that are more
heavily forested and have

colder climates, nitratesand
organics represent the
second largest component of

Fig. 3-2. Ammonia Emissions Density Map by County. Source: EPA, 2000.

secondary PM mass.
Nitrates form more easily and are more stable in colder temperatures. Figures 3-3 depicts the monthly
composition of fine PM massin the north central United States. Organicsare the second largest component, but
during the colder months, it isclear that the nitrate composition increases significantly while organic carbon
decreases. Thisiscontrasted sharply in the southern United States where primary particulate matter from such
things as windblown sand and soil isthe second largest component (see Figure 3-4). Nitratesareavery small
component of the overall fine PM mass over the south central United States. Warmer conditionsinthisareaare
not conduciveto theformation of nitrates. Thisdemonstratestherolethat climate hasin the PM chemistry of a
region.
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Fig. 3-3. Monthly fine PM mass composition for Badlands NP, SD and Boundary Waters Canoe
Area. MN. Sniircer CIRA 2001

GUADALUPE MOUNTAIN NP Fine particulate matter is ubiquitousin nature,
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Fig. 3-4. Monthly fine PM mass composition
for Guadalupe Mountain NP, TX. Source:
CIRA, 2001.
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Figure 3-5isasimulation of utility emissionsaong the Missouri River corridor during ahigh PM and ozone
episode that occurred over the central United Statesin early September 1999. A strong high-pressure system was



building into the eastern Missouri-western Tennesseeregion Surface and upper level winds transported emissions
on the backside of the high pressure system from the Nebraska, lowa, and Kansas areas north and northeast. This
simulation showsthe potential for transport of fine particulate matter and precursor emissionstowards and into
Class| areasin South and North Dakota, Minnesota, and Wisconsin.
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Fig. 3-5. Lagrangian particle model simulation of utility emissionsalong the Missouri River corridor during high
ozone/particulate matter event from September 1- 4, 1999. Source: Anderson, 2001a.




Other types of meteorological conditions may aso contribute to the transport of fine particulate and their
precursors in the central United States. During the winter and early spring months, low-pressure systems will
often develop on the leeside of the Rocky Mountainsin Colorado. Surface and aloft wind patterns during these
periods are often conducive to the transport of pollutants from the western areas of Nebraskainto the Class| areas
of South Dakota and Colorado. The cloud moisture that is associated with low-pressure system development can
accelerate conversion of sulfur dioxide to sulfates. Figures 3-6 and 3-7 depict the production and transport of
sulfates from a large electrical generating station in Western Nebraska during the formation of a low-pressure
system over northeastern Colorado. Given the sparse meteorological monitoring network in the Nebraska
Colorado-Wyoming region, an advanced prognostic meteorological model was needed to develop wind,
temperature, and related inputs for models used in these analyses. Specificdly, the publicly-available
Pennsylvania State University/National Center for Atmospheric Research (PSU/NCAR) Mesoscale Moddl,
version 5 (MM5), was used to develop meteorol ogical inputsfor al modeling episodes.
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Fig. 3-6. Lagrangian puff moddl (CALPUFF) simulation of the formation and transport of sulfatesfroma
largeelectrical generating station located in Western Nebraska into Class| areasin South Dakota during a
lee-side cyclogenesis event. Source: Anderson, 2001b.




The lagrangian puff model CALPUFF, coupled with MM5 wind and temperature fiel ds, was used to simulate
theformation and transport of sulfates during the cyclogenesisevent. The modeling analysisindicatesthat such
meteorological conditions during winter and early spring months often facilitate the potential for transport of fine
particulates and precursorsinto Class| areasin neighboring states. Thisunderscorestheimportance of
understanding how climate affects both chemistry and transport patternsin the formation of fine particles.
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Fig. 3-7. Lagrangian puff model (CALPUFF) simulation of the formation and transport of sulfatesfroma
large electrical generating station located in Western Nebraska into Class| areasin Colorado later during
the same lee-side cyclogenesis event. Source: Anderson, 2001b.

While states such as Nebraska, lowa, and Kansas do not have mandatory Class | areaswithin their respective
borders, these simulations clearly demonstrate the potential of transport into neighboring states and contributionto
theformation of fine particlesthat degrade visua air quality. Theimportance of regiona hazetothisareais
underscored by the role that ammoniaemissions havein the atmospheric chemical reactionsthat form sulfates,
nitrates. Ammoniaisasignificant compound in theformation of these secondary particles, and these states have
the highest emissions density of any regionin the United States. Itisestimated that these 3 statesrank inthetop 5
in the United States, with lowa usually leading the nation in mass ammoniaemissions. Nebraska usually ranks
third and Kansas fourth behind North Carolina. Therefore, it isimportant that the agricultural sector be aware of
the unique rolethat they havein regional air quality issuesin the central United States.

The potential for transport isone of the fundamental reasonswhile all states have been included inthe
requirements of the 1999 federal regional hazerule. Inits 1999 rulemaking, EPA stated that atmospheric modeling
it had conducted “ estimated that sulfate and nitrate deposition receptors areinfluenced by sourceslocated up to
600-800 kilometers away.”



Fedard Regond HazeProgram

Congress established anational goal of reducing and ultimately eliminating theinfluence of manmadeair
pollution in the degradation of visibility in our national parks and wildernessareas. The objectives, asexpressedin
the 1977 Clean Air Act amendments, were:

“The prevention of any future, and the remedying of any existing, impairment of visibility in mandatory Class
| Federal areas which impairment results from manmade air pollution.”

Thisiswidely interpreted to mean that Congressintended the restoration of visua air quality to pristine,
unimpaired for scenic vistasin our national parks and wilderness areas.

In 1980, EPA issuesthefirst series of visibility regulationsto implement the national visibility goals. These
regulations focused primarily upon local sources of air pollution that caused visibility and plume blight in Class|
areas. EPA deferred action on the broader “regional haze’ issue because the state of the sciencein 1980 for haze
was insufficient to develop anational program. Asaresult, only localized individua or groups of sourceswhereit
could be demonstrated that emissions from these sources could be “reasonably attributed” to causing visibility
impairment in aClass | areawere subject to pollution control requirements. Thus EPA only required stepsfor
reducing visibility impairment from statesthat hosted Class| areas by the submission of state implementation
plans (Sl Ps) documenting reasonabl e progress towards the national goal.

Congresstook additional stepsin the 1990 Clean Air Act Amendments by authorizing additional fundsfor
the research into 1) the expansion of visibility related monitoring in Class| aress; 2) assessment of current sources
of visibility impairing pollution and clean air corridors; 3) adaptation of regional air quality modelsfor the
assessment of visibility; and 4) studies of atmospheric chemistry and physicsof visibility. The National Academy
of Sciences (NAS) formed the Committee on Haze in National Parks and Wilderness Areas to address these
research issues. The 1993 NAS report concluded that sufficient scientific knowledge and adequate air pollution
control technologies now existed to take regulatory action on regional haze. 1n 1997, EPA published proposed
amendmentsto the 1980 haze rules. Thefinal regional haze rule, dated July 1, 1999 calls upon for Statesto
“establish god's and devel op emissions reductions reduction strategies for improving visibility in all 156
mandatory Class | national parks and wilderness aress.”

These new rules set adeadline for the year 2064 for achieving the national visibility goasoriginally
expressed in the 1977 Clean Air Act Amendments. The 1999 rules move away from the localized approach
engendered in the 1980 haze rulesto aregional approach which recognizesthat visual air quality degradationis
caused “ by theemission of air pollutants from numerous sources located over awide geographic area.” Therule
requiresthat all stateswith sourcesthat “may reasonably be anticipated to cause or contribute” to visua air quality
deterioration in protected visual environments, regardless of whether these states host any of the 156 mandatory
Class| areas. Therulealowsfor statesto individually develop implementation plans or to coordinate air quality
analysisand pollution reduction strategy devel opment with other statesin entities known asregional planning
organizations (RPOs). EPA has designated five RPOsto cover al of the United States. Figure 4-1 showsthe
delineation of each of these RPOs. Figure 4-2 describesthe timeline for states participating in the regional
planning process. Ingenera, statesare required to submit a“committal” implementation plan to EPA oneyear
after designationsfor the new PM 2.5 standard to indicate whether they will submit aplan individually or work
within a RPO to coordinate strategy development. It isanticipated that these planswill be required in the 2004-
2005 timeframe. The next requirement for states participating in the regional planning processisacomprehensive
visibility implementation plan to be submitted 3 years after the designation of thelast statein the RPO, but no later
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than 2008. These planswill set forth the measures to define progress god s towards the final national visibility
goal of 2064, definethe measuresthat it will implement to reach these goals, and set amonitoring strategy in place
that it will utilize to evaluate and report their contribution to visibility impairment in Class| areasin other states.
Oncethe plan has been established, stateswill haveto submit “ reasonable progress’ reportsevery 5 years after the
initial SIP. A new visibility SIPwill be required in 2018 and every 10 years theresfter until 2064.

Oneof the primary el ements of the 2004-2005 and 2008 plan requirementsis an evaluation of the impact of
retrofitting sources of air pollution that became operational between 1962 and 1977 with modern air pollution
control systems. Inthe“committal” plan, states must identify air pollution sources that became operational during
that period of timethat meet certain size categoriesto determineif they could potentially be subject to more
stringent air pollution control requirements. Thesearereferred to asBART (Best Available Retrofit Technology)
eligible sources. I1n the 2008 plans, RPOs must assess the degree of visibility improvement if BART were
required of al eligible sources on aregiona basis. EPA recently adopted revisionsto the haze rule that cover the
specific requirements of how to identify sourcesthat are eligible for BART and to determineif such an emission
unit would require retrofitting with air pollution control equipment. Thelargest industria sector likely to be
affected by the BART requirements are electrical utilities.

-Midwest

SESARM

Fig. 4-1. Regional Planning Organizations designated by EPA. Source: NESCAUM, 2001.
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Fig. 4-2. Timelinefor states participating in regional planning organizations.
Source: NESCAUM, 2001.

Curat Sausand FuureAdivity

In response to the issuance of the regional haze rulein 1999, representatives from nine central states met to
discussthe requirements of the rule and how it impacted the central U.S. Oneyear |ater the states of Nebraska,
lowa, Kansas, Minnesota, Missouri, Oklahoma, Arkansas, Louisiana, and Texas officialy formed the regional
planning organization known asthe Central States Regional Air Planning Association. The CENRAP regional
planning organization servesto coordinate the scientific assessment and planning effortsfor these statesand their
tribal partnersthat are necessary to properly implement the regional haze rule. CENRAP will coordinate such
activitiesasthe collection and analysis of air monitoring data, inventorying of air emissionsfrom states and tribes,
atmospheric modeling simulationsto assess current and future air quality conditions, and the eval uation and
planning of possible control scenariosto meet the national visibility goal. CENRAP participation isvoluntary and
states are not bound to the recommendati ons that the organization makes. Regional planning isavery new
concept in air quality management, but provides states and tribesthe ability to pool resources and expertiseto
arrive at common solutionswhich affect the collection of states.

Animportant function of CENRAP isto collect and assess air quality data from the central United States.
Since 1988, Federa Land Managers (Bureau of Land Management, U.S. Forest Service, National Park Service,
and U.S. Fish and Wildlife Service) and the EPA have been monitoring the levels and composition of fine
particlesin many of these Class| areas. Thismonitoring program isreferred to as the Interagency Monitoring of
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Protected Visua Environments (IMPROVE). Thisdataisanayzed to understand how fine particles degrade
visua air quality and what the chemical composition of thesefine particlesis. Thishelpsprovideinsight into what
types of sources may be contributing to visual air quality problems. The current IMPROV E monitoring network
isdepicted infigure 5-1.
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Fig. 5-1. Current IMPROVE monitoring network as of 2000. Source: NPS, 2001.

In the northern half of the CENRAP domain, thereis only one IMPROV E monitoring site that existsfor data
collection and analysis. Theremainder of the central United Statesislargely uncovered by the current IMPROVE
network. Asmentioned in Section 3, the central United Statesis considered to be atransition area of differing
chemistriesthat make up the fine particle mixture dueto its highly diverse climatology. The paucity of datainthis
areamakesanalysisof air quality and gaining abetter understanding of the nature of air quality very difficult. To
addressthis gap, CENRAP states are working with EPA and the Federal Land Managers to augment the current
IMPROVE network. CENRAP plansto add at least 12 additional IMPROVE protocol siteswithin its region by
2002. Nebraskawill be adding 4 sites throughout the state. 3 of the sitesin Nebraska are to be tentatively located
at the North Platte National Wildlife Refuge (Scottsbluff), Nebraska National Forest (Halsey), and the Niobrara
National Scenic Riverway (Niobrara). The fourth siteisto be operated and maintained by the Omaha Indian tribe
and will be located near Walthill. Similar plans have been made with the neighboring states of lowaand Kansas.
These monitors are designed tofill in the gapsin the existing IMPROV E network and provide better information
about the atmospheric chemistry over the central United States. This datawill aso aid atmospheric modelerswho
use computer model sto simulate how fine particles are formed and transported in the atmosphere in understanding
how well these models simulate actual environmental conditions. A model that performswell canin turn be used
to assess how various pollution control strategieswork onimproving visibility in the Class| areas.
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Other CENRAP workgroups are examining various pollution control strategies and alternativesthat utilize
market trading concepts asinnovative methods to achieve pollution reduction goals. While states are not obligated
to submit planswith long-term strategiesfor the reduction of air emissionsthat contribute to visibility degradation
until 2008, the planning and assessment processis lengthy and requires the expertise of both government and
industry representatives. Therefore, it isimportant that private sector representatives play an activerolein the
scientific and strategy assessment processthat is currently underway. Initial control scenarios and market trading
aternativeswill focus heavily on utility and non-utility sectorsthat are considered BART €ligible. Longer term
strategieswill likely focus on other sectors such as mobile source and possibly even agriculture. Thishighlights
theimportance of assuring that private sectors such as utilities and agriculture are represented and participatein
thisprocess.
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