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1. INTRODUCTION

Protection of air quality values is a key component of both the Clean Air Act and Wilderness Act. The USFS Region 1 has 13 designated Wilderness areas. In terms of air quality, seven are designated as Class I Wilderness areas and six are designated as Class II  Wilderness Areas.   Class l areas in USFS R1 were designated by the Clean Air Act amendments of 1977.   The 1977 Clean Air Act amendments assigned the Forest Service an “affirmative responsibility” to protect the Air Quality Related Values (AQRV’s) of Class l areas.  Class II areas include all other areas of the country that are not Class I.  Class II Wilderness areas are Class II for the Clean Air Act Prevention of Significant Deterioration (PSD) regulations.  Air quality protection authority (beyond ambient air quality standards and PSD increments) for Class II Wilderness areas therefore relies primarily upon the Wilderness Act with the air quality values titled Wilderness Air Quality Values (WAQV’s). .   
Region 1 has been actively monitoring AQRVs and WAQVs since 1989.  Formal AQRV monitoring plans for regional Class I Wilderness areas were developed between 1989 and 1996.  For Class II Wilderness areas, formal WAQV plans were developed in 2007 and 2008 in accordance with the 10-Year Wilderness Challenge.  The following table summarizes the plan development for each Wilderness area; each plan is referenced at the end of this plan and tabulated below.  

	Wilderness Area 
	Class 
	Year of Wilderness designation 
	Size (acres) 
	AQRV or WAQV plan 
	Plan date 

	Bob Marshall (BMW)
	1 
	9/3/1964
	1,009,356
	Bob Marshall Wilderness Air Quality Related Values Management Plan 
	6/5/1989

	Cabinet Mountains (CMW)
	1 
	9/3/1964
	94,272
	Air Quality Related Values Management Plan for the Cabinet Mountains Wilderness Area Montana
	6/1/1993

	Gates of the Mountains (GMW)
	1 
	9/3/1964
	28,562
	Air Quality Related Values Management Plan for the Gates of the Mountains Wilderness Area 
	12/31/1994

	Selway-Bitterroot (SBW)
	1 
	9/3/1964
	1,340,502
	Air Quality Related Values Management Plan for the Selway-Bitterroot Wilderness Area Idaho-Montana
	7/29/1994

	Anaconda-Pintler (APW)
	1 
	9/3/1964
	158,615
	Air Quality Related Values Management Plan for the Anaconda-Pintler Wilderness
	3/1/1995

	Scapegoat (SGW)
	1 
	9/3/1964
	239,936
	Air Quality Related Values Management Plan for Scapegoat Wilderness
	12/1995

	Mission Mountains (MMW)
	1 
	9/3/1964
	73,877
	Air Quality Related Values Management Plan for the Mission Mountains Wilderness Area
	6/1/1996

	Absaroka- Beartooth (ABW)
	2
	3/27/ 1978
	943,626
	Wilderness Air Quality Value (WAQV) Class II Monitoring Plan

Absaroka Beartooth Wilderness

Lee Metcalf Wilderness
	1/9/2008

	Lee Metcalf (LMW)
	2
	10/21/1983
	254,288
	
	

	Rattlesnake (RW)
	2
	10/19/1980
	32,976
	Wilderness Air Quality Value (WAQV) Class II Monitoring Plan

Rattlesnake and Welcome Creek Wilderness Areas
	12/20/2007

	Welcome Creek (WCW)
	2
	2 /24/1978
	28,135
	
	

	Great Bear (GBW)
	2
	10//28/1978
	286,700
	Wilderness Air Quality Value (WAQV) Class II Monitoring Plan

Great Bear Wilderness
	4/3/2007

	Gospel Hump (GHW) 
	2
	2 /24/1978.  


	206,053
	Wilderness Air Quality Value (WAQV) Class II Monitoring Plan

Gospel Hump Wilderness Area
	1/9/2008


All of the Class II WAQV plans are posted in the USFS Air Quality web site at http://www.fs.fed.us/r1/gallatin/resources/air/aq_plans/
The purpose of this plan is to summarize and update the  seven Region 1 Class I AQRV plans and combine with the recently completed WAQV plans for six  Region I Class II areas to produce and overall air quality wilderness monitoring plan.  This plan does not address any incidental or episodic monitoring that may take place within the Region.
2. LOCATION AND WILDERNESS CHARACTERISTICS
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The USFS R1 Wilderness areas are located in Western Montana or Northern Idaho.   A detailed description of each Wilderness area is contained in each AQRV or WAQV plan.   A brief description of each Wilderness Area attributes is provided below and is also available at http://www.fs.fed.us/air/technical/class_1/alpha.php
CLASS I WILDERNESS AREAS
Bob Marshall Wilderness 
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Cabinet Mountains Wilderness
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The Cabinet Mountains Wilderness (CMW),  administered by the Kootenai National Forest,  was originally declared a Primitive Area in 1935.   The CMW area includes more than 20 hiking trails, 85 lakes, ridgetop panoramas, and alpine meadows. The numerous drainages from this area flow into the Kootenai and Clark Fork Rivers, and elevations range from 2,500 feet at the base of Grambauer Mountain to 8,738 feet at Snowshoe Peak.   Huckleberries, wild blackberries, and thistle berries grow in abundance in the relatively wet climate.  Western Red Cedars are common in the moister valleys.  The array of wildflowers is diverse including violets, lupine, trillium, buttercups, columbine, clematis, phlox, and Indian paintbrush.  Elk are the primary large animal species but the CMW also includes deer, moose, black bear, grizzly bear, mountain lion, and numerous smaller animals. 
Gates of the Mountains Wilderness

The Gates of the Mountain Wilderness (GMW), Helena NF,  was designated originally as the Gates of the Mountains Wild Area on 3/25/1948. The GMW parent material is composed of Madison limestone and Paleozoic shales and has weathered into bold cliffs, bluffs, and massive outcrops.  Deep canyons, limestone cliffs, peaks, and knife edge ridges add to the spectacular scenery.  Elevations vary from 3,600 feet in the Missouri River to 7,980 feet on Moors Mountain.  The GMW has about 49 miles of trails.  Vegetation includes riparian cottonwood, spruce, willows, mountain maple, alder, and choke cherry. The lower slopes are dominated by Douglas fir, lodgepole pine, and limber and whitebark pine.  The highest elevations have several meadows.  The GMW has very few streams but a wide variety of wildlife including elk, deer, goats, sheep, black bear, mountain lion, coyotes, and numerous rodents.  The cliffs and spires along the Missouri River gorge just outside the Wilderness have an abundance of ancient pictographs from native hunters.   

Selway-Bitterroot Wilderness
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Absaroka-Beartooth Wilderness 
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The Selway-Bitterroot Wilderness (SBW) is the third largest Wilderness in the Lower US with about 20% in Montana and 80% in Idaho.  The SBW straddles both sides of the Bitterroot Range, which stands along the Montana-Idaho border and includes the Wild and Scenic Selway River in Idaho.  The SBW is administered by the Bitterroot, Clearwater, and Nez Perce NF’s.  The rugged SBW has numerous peaks and high ridges dropping into steep-walled canyons with dense forests below where a number of streams and more than 300 lakes offer excellent trout fishing.  Human use is low in the trail less portions of the SBW with abundant wildlife including the large Selway elk herd, plus deer, moose, black bears, and mountain lions. 

Many miles of trails provide access to the Montana side of the Selway-Bitterroot but large sections are un-maintained and rugged. The Divide Trail follows the Bitterroot Divide for approximately seven miles north of Nez Perce Pass, offering outstanding views across the Montana and Idaho portions of the Wilderness. 
Anaconda-Pintler Wilderness

The Anaconda-Pintler Wilderness (APW) straddles the Continental Divide in the Anaconda mountain range, encompassing high and rugged peaks, cirques, U-shaped valleys, and glacial moraines.  The APW is administered by the Bitterroot, Beaverhead, and Deerlodge NF’s.  About 100 lakes offer fishing for 4 species of trout, 3 species of char, mountain whitefish, and arctic grayling.  The APW includes the headwaters of Rock Creek, a blue-ribbon trout stream, and tributaries of the Bitterroot and Big Hole Rivers.  Wildlife includes black bear, moose, elk, deer, and mountain goats call this home.  Elevations range from about 5,100 feet to 10,793 feet on West Goat Peak, with sagebrush and willow flats in the lower elevations rising to forests of pine, fir, and spruce and eventually to aspen, pine, fir, and larch. The highest slopes are often bare talus, with vegetation limited to ichens. A 45-mile section of the 3,100-mile Continental Divide National Scenic Trail traverses the length of the Wilderness and provides access to many of the key wilderness designations.  

Scapegoat Wilderness  
The long northwest border of Scapegoat Wilderness (SGW) is shared with Bob Marshall Wilderness and the massive limestone cliffs that dominate 9,204-foot Scapegoat Mountain are an extension of the "Bob's" Chinese Wall.   The SGW is administered by the Helena, Lewis and Clark, and Lolo NF’s. Scapegoat's rugged ridge tops slope down onto alpine meadows, heavily forested hillsides, and timbered river bottoms. Fish are plentiful in the 14 lakes and 89 miles of streams. Elevations range from about 5,000 feet on the Blackfoot River to about 9,400 feet on Red Mountain.  Wildlife includes wolverines, moose, deer, elk, mountain goats, mountain sheep, mountain lions, black bears, and numerous grizzly bears.  Hundreds of miles of trails are suitable for backpacking and horse packing.  The Wilderness lies along the Continental Divide and contains this section of the Continental Divide National Scenic Trail (CDT), a length of approximately 50 miles.  The SGW has 14 lakes which include westslope cutthroat and artic grayling in Heart Lake.  About 89 miles of fishery streams are in the SGW including tributaries of the Dearborn and Blackfoot rivers.  
Mission Mountains Wilderness 

The Mission Mountains Wilderness (MMW) was designated as the Mission Mountains Primitive Area in 1931 and then expanded in 1939.   The MMW is administered by the Flathead NF.  The East side of the Missions Mountains is designated as the Missions Mountains Tribal Wilderness and administered by the Flathead Indian Reservation.  The north side of the MMW has several areas with snow most of the year, small active glaciers, alpine lakes, meadows, slab like boulders, vertical cliff faces, and talus slopes.  The average elevation is 7,000 feet. In the northern portion the terrain less severe and more heavily timbered.  The southern portion receives more visitor use, primarily around the lakes.  The dense forest includes pine, fir, larch, and western red cedar.  Wildlife lives in the MMW includes elk and deer, black bear, grizzly bear, mountain goats and mountain lions, gray wolves, and numerous rodents. Approximately 50 species of birds have been identified, including bald eagles.  The MMW has 151 lakes. 

About 45 miles of maintained but steep trails are used primarily by hikers.  The MMW on the western and southern boundaries abuts the Flathead Indian Reservation which is managed by Confederated Salish and Kootenai Tribes. 
CLASS II WILDERNESS AREAS
Absaroka- Beartooth Wilderness

The Absaroka-Beartooth Wilderness (ABW) was created in 1978 by combining the Beartooth Primitive Area (225,855 acres) and the Absaroka Primitive Area (64,000 acres) plus a considerable amount of roadless lands surrounding these two areas to form the ABW.  The primitive areas were originally set aside during 1932. 
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Stepping Stone Lake in the Absaroka Beartooth Wilderness 

The ABW is administered by the Gallatin NF, Custer NF, and the Shoshone NF.  The ABW contains two distinctly different mountain ranges. The western section is primarily the Montana Absarokas characterized by stratified volcanic and metamorphic rocks, forested valleys and rugged peaks. The Montana Absarokas form a chain of mountains that includes the spectacular peaks east of the Paradise Valley between Livingston and Gardiner, the northeastern corner of YNP, and Pilot and Index Peaks south of Cooke City.  The eastern side of the wilderness is dominated by the high granitic plateaus of the Beartooth Mountains.  This country is stark, scenic, and fragile.   The high plateaus draining into the Clark Fork and deep glaciated valleys of the forks of Rosebud and Rock Creeks comprise the east unit while the rest of the wilderness is in the west unit.  The ABW has substantial populations of bighorn sheep, mountain goat, moose, elk, and black and grizzly bears.  The forested valleys of the Absarokas support most species of large game animals including deer, elk and moose.  The high barren ridges of the Beartooths support relatively little wildlife, with pika mountain goats, Golden eagles, falcons, and hawks.  

The ABW has 641 lakes, more than any other Wilderness area in USFS Region 1.  Trout have been introduced in many of the lakes.   Several provide fishing for cutthroat, rainbow, and brook trout.  Fishing in the Beartooths is limited almost exclusively to the high Mountain lakes. 

The ABW includes a wide range of vegetation zones which are influenced by elevation and local climate. At lower elevations from 6,000 feet to treeline, broad grass-sage meadows alternate with deep coniferous forest.  Lodgepole pine, Engelmann spruce, subalpine fir, and Douglas fir are common at mid elevations while whitebark is dominant at high elevations to treeline.  Wildflowers abound in the lower meadows throughout the summer and into the fall.  Treeline occurs between 9,000 and 9,500 feet elevation.  Above the krummholtz is a windswept world of alpine tundra. Vegetation, a myriad of dwarf wild flowers, lichens, and shrubs, is low to the ground and adapted to take advantage of pockets of warmth and moisture in the rocks.  

The ABW is a geological showcase of contrasting rock types, glaciation, and active land movement.  The Beartooth Mountains are composed primarily of Precambrian granite and gneiss.  This granite/gneiss has been uplifted and exposed, forming broad, gently sloping plateaus that rise to over 12,000 feet above sea level. Granite Peak at 12,199 feet is the highest mountain in Montana. 

The Absarokas are dominated by younger stratified Tertiary volcanic rocks.  Glaciation has carved the mountains into deep U-shaped vegetated valleys with serrated ridges.  Remnant alpine glaciers remain on the Beartooth crest.  Parallel grooves, or striations, on rocks mark the grinding passage of ancient glaciers. 

The peaks in the Montana Absarokas are not as high as the Beartooths with Mt. Cowan the highest at 11,206 feet.  Almost all of the Absaroka mountains have some of vegetative cover except for the very highest peaks and ridges.  Arctic tundra plateaus such as Beartooth and Hellroaring provide a unique, but extremely fragile, ecosystem. Most of the vegetation can be found around lakes and along stream courses, or in the few small parks situated in the lower areas. Several plateaus are quite scenic and contain high mountain lakes. 

Nine major drainages in the ABW provide substantial headwater flow to the Yellowstone River system.  Many high plateaus are located above timberline, usually around 10,000 feet elevation, and bear a strong resemblance to arctic tundras. These relatively flat plateaus characteristically break off sharply to intervening canyons and steep finger ridges. Plateaus below timber line are characteristically open and grassy.  Buttercups, Shooting Stars and other wildflowers follow the retreating snowbanks each spring. The growing season in the Beartooths is particularly short, usually lasting 6 to 12 weeks (June to August.  More than 700 miles of hiking trails provide access to the ABW.  Both ranges offer opportunities to wander off-trail for a primitive Wilderness experience.  Wilderness pack trips have a long history in the area, often supported by outfitters. 

Lee Metcalf Wilderness
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In the Lee Metcalf Wilderness (LMW) Alpine glaciation has produced steep, rugged, knife-edge ridges and numerous cirques containing lakes surrounded by alpine meadows. The LMW is administered by the Gallatin and Beaverhead NF and includes the Beartrap Canyon Unit which is on BLM administered land.  Elevation of several peaks exceeds 11,000 feet.  The wilderness consists of four separate units in the Madison range; the Spanish Peaks (76,406 acres), Taylor-Hilgard (141,000 acres), Monument Mountain (32,891 acres), and Bear Trap Canyon (6,347) in the Beaverhead and Gallatin National Forests and the Dillon Field Office of the BLM.  TheT The  Spanish Peaks unit forms the north part of the LMW and Taylor Hilgard and Monument Mountain units in the south.  The Spanish Peaks unit has numerous peaks and lakes and a well developed trail system.  The Taylor-Hilgard unit also has numerous peaks but has a much less developed trail system. 

Topography is highly variable.  Glaciated relief is the dominant landtype with rocky peaks and ridges and cirque basins separated by U-shaped valleys.  Elevations range from 11,316 on Hilgard Peak to 4500’ at the lower end of Beartrap Canyon.  Major drainages include Bacon Rind and Snowslide Creeks flowing east into YNP; Cedar, Bear, Indian, Wolf, Moose, Squaw, Papoose, and Hilgard Creeks flowing south and west through the Beaverhead NF to the Madison River, and Hell Roaring, Cascade,  the West Gallatin River, Taylor Fork, and Tepee Creeks flowing into the Gallatin River. 

Vegetation consists of sagebrush, grasslands, and scattered trees at lower elevations.  Mid elevations are dominated by lodgepole pine and Douglas fir.  Mountain meadows and open parkland are common in the higher elevations.  The crest of the LMW features exposed bedrock, sparse tree cover, and brush and mountain meadows.  Forested terrain is more common in the northern two-thirds of the LMW. 
Rattlesnake Wilderness

The 32,976 acre Rattlesnake Wilderness (RW), Lolo NF, was designated as Wilderness on October 19, 1980 (Public Law 96-476).  The southern boundary of the Rattlesnake National Recreation Area and Wilderness (RNRAW) is four miles north of Missoula, Montana.  Elevations range from 3,600 feet to 8,620 feet at McLeod Peak.

Deer, elk, coyotes, mountain goats, bighorn sheep, black bears, grizzly bears, moose, and mountain lions reside in the RW.  Birds include eagles, hawks, ospreys, and wide variety of songbirds. Most of the Wilderness lies in the Northern Continental Divide Grizzly Bear Recovery Area.  Grizzly bears, while not common are regularly reportedly in the upper Wilderness.  Bear proof food storage is required in all of the NRA and wilderness.  Eight trailheads provide access to the RNRAW.  Several of the small lakes and lake access trails are closed to livestock.  Camping and campfires are restricted in the south zone of the NRA but are allowed in the Wilderness.  The Rattlesnake Wilderness has about 52 high mountain lakes.   Stream flow from the lakes then plunges down waterfalls to hanging valleys separated by sheer headwalls and carpets of sub-alpine fir, lodgepole pine, and spruce sloping down to open Douglas fir and ponderosa pine parklands.

The Rattlesnake NRA provides many resources including wildlife habitat, recreation, watershed, water storage, historical, scientific, ecological, and education.  From Stuart peak a knife edge ridge climbs still higher to the remote 8,620-foot McLeod Peak. The east side of the ridge is marked by cliffs, cirques, and rolling basins of intermittent subalpine forest where transplanted mountain goats are thriving in the security of protected wildlands.  The gentler western slopes lead down to the open bowl-like basin of upper Grant Creek.  Although uncommon, occasional grizzly bears roam here.  Day hiker use is the predominant recreation.  
Welcome Creek Wilderness

The Welcome Creek Wilderness (WCW)  is managed by the Lolo National Forest and lies in the Rock Creek drainage about 25 miles east of Missoula, Montana.  This 28,135 acre area was designated as a Wilderness area on February 24, 1978 (PL95-237) and measures about nine miles by seven miles.  The land rises steeply from Rock Creek and continues to the main Sapphire Range Divide and then drops abruptly to form breaks that are steep and rough.  

Elevations in the WCW range from 4,100 feet in Rock Creek to 7,723 feet at Welcome Peak.   Most of the WCW is heavily timbered with pine, fir and larch (although the south-facing slopes have a few open but very steep grassy slopes) and is extremely rocky and rough.  Welcome Creek flows south and east, providing cutthroat trout habitat.  Elk hunters, bear hunters, and a few fishermen from Rock Creek are the most common visitors. The WCW has about 30 miles of trails, most of which are on steep ridges and in the narrow stream bottoms.  The most popular route is across the Welcome Creek swinging bridge over Rock Creek.  Cross-country skiing can be excellent in the high basins near or just below the Sapphire Divide. 

Great Bear Wilderness
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The Great Bear Wilderness (GBW), Flathead NF, was designated by Congress on October 28, 1978.  The GBW forms a critical ecological link between Glacier National Park and the Bob Marshall Wilderness. The GBW includes key habitat for grizzly bear and other important wildlife species such as the gray wolf, elk, lynx, wolverine, deer, elk, moose, black bear, and mountain goat. Habitat includes rugged ridge tops, gently sloping alpine meadows, and thickly forested river bottoms. The GBW provides outstanding native fisheries for westslope cutthroat trout and Dolly Varden (bull trout).  

The GBW runs about 36 miles long the Flathead Range, including the 8,705 foot high Great Northern Mountain. 
The wilderness is characterized by high, rugged topography and a primitive environment.  The Middle Fork of the Flathead River drains most of the wilderness.  The area is dominated by dense lodgepole pine forest, with alpine larch and whitebark pine at the upper elevations.  The GBW includes a Wild section of the Middle Fork Flathead Wild and Scenic River as part of the National Wild and Scenic Rivers System.  Backcountry recreation uses include backpacking, stock use, hunting, floating, and fishing.  More than 300 miles of hiking and stock trails provide access to the Great Bear Wilderness.  Hiking and stock use is focused on the short hikes to lakes and peaks.   Lower elevation areas include deep canyon country, with extensive avalanche chutes. The GBW has 85 lakes.   All 85 lakes were originally fishless and have been historically planted with westslope cutthroat trout.  

Gospel Hump Wilderness   

The Gospel Hump Wilderness (GHW), Nez Perce NF, comprises 206,053 acres of land entirely within the Nez Perce National Forest and was designated on February 24, 1978.  The north portion drains into the South Fork of the Clearwater River.  The south portion drains into the Salmon River.  The southern boundary of the GHW joins the Frank Church River of No Return Wilderness at the Salmon River.  In North America, the Salmon River canyon is exceeded in depth only by Hells Canyon on the Snake River. 

Elevations in the GHW range from 1970 feet at Wind River pack bridge on the Salmon River to 8940 feet at the summit of Buffalo Hump.  Vegetative patterns reflect the differences in elevation and moisture.  Ponderosa pine, with cheat grass and shrub understory, dominate the steep river breaks and drier, lower elevations.  Cool, moist lands at higher elevations are covered with Douglas fir, lodgepole pine, subalpine fire, and whitebark pine in association with beargrass and/or whortleberry.  

The GHW contains rugged river break lands and high mountain lakes, offering opportunities for solitude, challenge, and primitive recreation.  Recreation use is predominantly camping, horse riding and packing, hiking, fishing, and hunting.  The GHW has a long history of wildfire.  Continually altered vegetative patterns have resulted in extensive mosaics of different species and age classes.  The current pattern is made up of brush fields, large stands of lodgepole pine, and snag patches.  The Black Butte Fire in 2006 and Rattlesnake Fire in 2007 burned much of the SW and SE parts of the GHW.  
3. AIR QUALITY POLICY AND DIRECTION 

The Wilderness Act of 1964 contains language directing the management of wilderness to “…secure for the American people…and future generations the benefits of an enduring resource of wilderness …unimpaired for future use and enjoyment” (Wilderness Act, PL 88-577, Sec. 2a)  It further states that Congress intended to manage these wildernesses so that “…the earth and it’s community of life are untrammeled by man…” and a wilderness must”…retain it’s primeval character and influence…” and it”…appears to have been affected primarily by the forces of nature, with the imprint of man’s work substantially unnoticeable…” (Sec 2b).  The direction provided in this act made it clear that Congress intended that the natural conditions in wilderness be preserved and that it be influenced primarily by the forces of nature rather than by human activity.  
The basic framework for controlling air pollutants in the United States is mandated by the Clean Air Act (CAA) of 1963, and amended in 1970, 1977, and 1990.  The CAA was designed to “protect and enhance” air quality.  Section 160 of the CAA requires measures “to preserve, protect, and enhance the air quality in national parks, national wilderness areas, national monuments, national seashores, and other areas of special national or regional natural, recreation, scenic, or historic value.”  Stringent requirements are therefore established for areas designated as “Class I” areas.   Class I areas include Forest Service and Fish and Wildlife Service wilderness areas over 5,000 acres that were in existence before August 1977 and National Parks in excess of 6,000 acres as of August 5, 1977.  Designation as a Class I area allows only very small increments of new pollution above already existing air pollution levels.  Class II areas include all other areas of the country, that are not Class I.  To date, there are no Class III areas.  The Absaroka Beartooth Wilderness and the Lee Metcalf Wilderness areas are Class II areas since they were established after August 5, 1977 (ABW in 1978 and LMW in 1983). 

The purpose of the CAA is to protect and enhance air quality while ensuring the protection of public health and welfare. The Act established National Ambient Air Quality Standards (NAAQS), which must be met by state and federal agencies, and private industry.  The EPA has established NAAQS for specific pollutants emitted in significant quantities that may be a danger to public health and welfare.  These pollutants are called criteria pollutants and include carbon monoxide, nitrogen oxide, ozone, sulfur dioxide, lead, and particulate matter (PM10 and PM2.5).  States are given primary responsibility for air quality management.  Section 110 of the Clean Air Act requires States to develop State Implementation Plans (SIP) that identify how NAAQS compliance will be achieved.  The NAAQS are designed to protect human health and public welfare.  The CAA defines public welfare effects to include, but not be limited to, “effects on soils, water, crops, vegetation, man-made materials, animals, wildlife, weather, visibility and climate, damage to and deterioration of property, and hazards to transportation, as well as effects on economic values and on personal comfort and well-being” (CAA Title 1, Part A, S. 109 http://www.epa.gov/air/criteria.html).  If a community or area does not meet or “attain” the standards, it becomes a non-attainment area and must demonstrate to the public and EPA how it will meet standards in the future. This demonstration is done through the SIP.
Criteria pollutants such as sulfur dioxide and nitrogen dioxide are of concern because of their potential to cause adverse effects on plant life, water quality, aquatic species, and visibility.  However, sources of these pollutants are generally associated with urbanization and industrialization rather than with natural resource management activities or wildfire.  Wildfire and natural resource management activities such as timber harvest, road construction, site preparation, mining, and fire use can generate ozone, carbon monoxide, and particulate matter.  While ozone is a by product of fire, potential ozone exposures are infrequent (Sandberg and Dost 1990).  The EPA is recommending a secondary ozone standard which will protect vegetation and animals http://www.epa.gov/ttn/naaqs/standards/ozone/s_o3_cr_sp.html.  Carbon monoxide is rapidly diluted at short distances from a burning area, as fires are generally spatially and temporally dispersed, and pose little or no risk to public health (Sandberg and Dost 1990).  

The pollutant of most concern to public health and visibility is particulate matter.  Even though particulate matter has no serious effects on ecosystems (fire and smoke are natural processes) it does affect human health and visibility.  Because of its smaller size, PM2.5 poses greater respiratory health system risks than PM10.  
The PM2.5 standard requires concentrations of PM2.5 not to exceed a 24-hr average of 35 ug/m3 (micrograms per cubic meter).  This standard was changed from previous 65 ug/m3 by the EPA on 12/17/06 http://www.epa.gov/particles/fs20061006.html.  Average annual arithmetic PM2.5 concentrations are not to exceed 15 ug/m3.   Air quality State Implementation plan (SIP) for particulates is promulgated through the Montana Clean Air Act and implementing regulations. The regulations provide specific guidance on maintenance of air quality, including restrictions on open burning (ARM 16.8.1300). The act created the Montana Air Quality Bureau (now the DEQ) and the regulatory authority to implement and enforce the codified regulations. 
In Section 169a of the 1977 Clean Air Act amendments, Congress set “as a national goal the prevention of any future, and the remedying of any existing, impairment to visibility” in designated Class I areas.  Directives to achieve this goal are found in the Regional Haze Rule, promulgated by EPA in 1999.  The Regional Haze Rule directs states to develop SIPs to return visibility in Class I areas back to natural conditions by 2064.  In the initial plans, which are due for submission in 2008, states will address control measures designed to show visibility improvement to a designated progress level in each Class I area by 2018.  Subsequent SIPs, to be submitted in 2018 and every 10 years thereafter, will address additional reductions needed to meet the next 10-year visibility improvement goal until natural conditions are achieved in 2064.
4. AIR POLLUTION SOURCES 

Air quality in and around the R1 Wilderness areas is generally good with episodic periods of wildfire smoke and long range transport.  The EPA Aerometric Information Retrieval System (AIRS) data base   http://www.epa.gov/air/data/netemis.html  was queried for all stationary permitted sources of air emissions more than 50 tons/year.  The data are tabulated for each R1 wilderness or wilderness complex. 

Total permitted emissions (>50 ton/year sources) within 60 miles per wilderness or wilderness complex include: 

	Wilderness
	CO
	NOx
	PM10
	SO2
	VOC

	Absaroka Beartooth & Lee Metcalf
	2,038
	5,442
	1,259
	13,521
	2,473

	Gates of the Mountains 
	778
	1,789
	1,093
	564
	77

	Bob Marshall, Scapegoat, Great Bear, Mission Mountains
	36,347
	753
	2,512
	1,421
	686

	Cabinet Mountains
	1,191
	52
	303
	6
	84

	Rattlesnake,  Welcome Creek, Eastern Selway Bitterroot and Anaconda Pintler Wilderness
	4,158
	2,935
	1,327
	166
	1,047

	Gospel Hump and Western Selway Bitterroot Wilderness
	1,150
	392
	204
	22
	98


The ABW and LMW have the highest amount of permitted NOx, SO2, and VOC due to the petroleum refineries in Billings and Laurel.   Most of these emissions disperse to the east of the ABW.   The Bob Marshall wilderness has the highest exposure to carbon monoxide (CO) and PM10 emissions due to the proximity to the Columbia Falls aluminum plant which is currently only partially in operations with fewer emission than tabulated above.  Wilderness areas or complexes will be discussed more specifically for industrial and general emissions.  
Absaroka Beartooth & Lee Metcalf Wilderness
	Pollutant Emissions tons/year 

	CO
	NOx
	PM10
	SO2
	VOC
	Facility Name
	Location 
	Industry Type 

	542
	11.9
	1.52
	1,137
	0.69
	Montana Sulfur & Chemical
	Billings
	inorganic chemicals

	386
	905
	184
	3,197
	765
	Centex
	Laurel
	petroleum refining

	293
	697
	155
	1,222
	534
	Sonoco
	Billings
	petroleum refining

	205
	1,504
	127
	2,698
	20.4
	Pal, Montana - J.E. Curette Plant
	Billings
	electric services

	191
	324
	60.3
	74.7
	14.9
	Western Sugar
	Billings
	beet sugar

	149
	41.5
	63.3
	2.21
	68.1
	Louisiana-Pacific - Belgrade
	Belgrade
	sawmill

	134
	733
	291
	2,894
	1,033
	Exxon 
	Billings
	petroleum refining

	42.5
	3.12
	40.0
	24.4
	19.8
	Jell Group
	Belgrade
	paving mixtures 

	31.0
	685
	213
	192
	2.64
	Holman, Inc.
	Three Forks
	cement

	29.8
	448
	22.8
	2,073
	9.36
	Yellowstone Energy Limited 
	Billings
	electric services

	23.9
	55.4
	46.4
	6.03
	4.04
	Stillwater Mining Co - E.Boulder
	Mcleod
	metal ores 

	6.62
	23.4
	22.8
	0.48
	0.80
	Barretts Minerals Inc.
	Dillon
	minerals

	4.30
	10.5
	32.2
	0.24
	0.52
	Luzenac America - Three Forks 
	Three Forks
	talc

	2038

5431

1227

13521

2473

2,066
	5442
	1259
	13521
	2473
	
	


Existing sources of emissions in the ABW and LMW wilderness areas include dust from trails and campsites and smoke emissions from wildfires, wildland fire use, and prescribed burns.  Adjacent area emissions include occasional construction equipment, vehicles, road dust, residential wood burning, wood fires, and smoke from logging slash disposal, prescribed burns, and wildfires.   The Spanish Peaks unit of the LMW receives vehicle, residential, construction, and ski area emissions from the Big Sky area.  Down valley airflow in the ABW and LMW drainages is frequently robust during nighttime and early morning hours. 

The Billings and Laurel sources are currently permitted for 1,928 tons of PM10/year and 16,481 tons of S02 per year.  Currently Laurel is in non-attainment for S02.  The predominant west to southwest winds carry most of the Billings/Laurel emissions to the east and away from the ABW except for occasional upslope east winds which area usually unstable with robust wind velocities.  The major sources of emissions affecting the ABW in the Yellowstone valley are the cities of Big Timber, Livingston, and Bozeman in the Gallatin valley with vehicle exhaust, wood burning smoke, and road dust.  These communities are in compliance with National Ambient Air Quality Standards (NAAQS).  Big Timber, Livingston, and Bozeman emissions do not visibly impact the ABW.  These emissions are dispersed by predominant and S and SW wind direction by robust Yellowstone valley wind gradients which typically  carry emissions north of the ABW.   Other types of emissions in the Yellowstone valley which could affect the ABW include vehicle and agriculture equipment exhaust, road dust, wood smoke from residential, smoke from pile burning, broadcast burning, and wildfires.   
The major source of emissions from the Gallatin valley, north of the LWM is the city of Bozeman.   Smaller amounts of emissions occur from Belgrade and Three Forks/Willow Creek and from vehicles on Interstate 90 and Highways 191, 345, and 287.  Bozeman emissions visibly do not impact the LMW since these emissions are dispersed by predominant W and SW wind direction.  Evening down air drainage from the north end of the Gallatin valley frequently carries Bozeman emissions north and west.  This process is particularly noticeable in the winter when inversions frequently constrain mixing heights over Bozeman and the emissions drift down the Gallatin valley toward Belgrade 

Regional wildfire smoke has accumulated within the area ABW and LMW during periods of extensive wildfire activity in 1988, 1994, 2000, 2003, 2006, and 2007.  The prime source of wildfire emissions is from central and southern Idaho, and SW Montana.  Smoke can also impact the ABW and LMW area from wildfires in Yellowstone National Park as occurred in 1988. 

Generally the ABW and LMW areas do not develop temperature inversions, which trap smoke and reduce smoke dispersal.  Dispersion of emissions within the ABW and LMW is very high due to the mountainous terrain and high wind activity.  The Main Boulder Canyon, Gallatin Canyon, and the West Fork Gallatin (Big Sky) have some potential for cumulative concentrations of smoke and residential and transportation emissions.  Visible inversion conditions occasionally occur in the Big Sky area which has been designated as the Big Sky Impact Zone by the Montana DEQ http://www.deq.state.mt.us/AirQuality/Planning/MONTANA_SMOKE_MGNT_impact_zone.htm  

Up valley winds during daytime and down valley wind (cold air drainage) at night can dominate valley winds more than overall prevailing wind direction on ridgetops. 
Gates of the Mountains Wilderness
	Pollutant Emissions tons/year 

	CO
	NOx
	PM10
	SO2
	VOC
	Facility Name
	Location 
	Industry Type 


	355
	367
	924
	40.4
	22.6
	Golden Sunlight Mine
	Whitehall
	gold ores

	246
	336
	433
	36.7
	36.7
	Montana Tunnels Mine
	Jefferson City
	gold ores

	141
	336
	95.1
	239
	7.52
	Continental Lime
	Townsend
	lime

	23.0
	697
	199
	241
	1.56
	Ash Grove Cement
	Clancy
	cement

	10.8
	26.5
	29.4
	1.91
	2.56
	Basin Creek Mine
	Basin
	gold ores

	778
	1789
	1093
	564
	77
	total
	
	


The Gates of the Mountains Wilderness was formerly on the northern edge of the ASARCO smelter emissions which was the largest source of SO2 emissions in Montana before shutting down in 2001.  Adjacent area emissions to the GMW wilderness are mainly from the Helena valley and I-15 corridor include construction equipment, vehicles, road and agricultural dust, residential wood burning, wood fires, and smoke from logging slash disposal, prescribed burns, and wildfires.   
Bob Marshall, Scapegoat, Great Bear Wilderness, and Mission Mountains Wilderness 
	Pollutant Emissions

	CO
	NOx
	PM10
	SO2
	VOC
	Facility Name
	 Location
	Industry Type 

	32,523
	10.6
	1,447
	1,386
	345
	Columbia Falls Aluminum
	Kalispell
	aluminum plant

	1,365
	150
	156
	9.28
	27.0
	Plum Creek Evergreen
	Kalispell
	lumber

	1,080
	480
	445
	15.5
	191
	Plum Creek Manufacturing, L.P. 
	Columbia Falls
	lumber

	1,052
	36.6
	69.8
	3.70
	8.86
	Stieson Lumber 
	Libby
	lumber

	129
	14.3
	63.9
	1.90
	71.3
	Plue Creek Mfg., Lp-Ksanka
	Libby
	lumber

	94.7
	5.45
	178
	1.07
	2.58
	American Timber Company
	Olney
	lumber

	58.8
	23.3
	1.54
	0.08
	11.6
	MPC Cut Bank Mainline #1 
	Cut Bank
	natural gas

	24.0
	4.08
	64.4
	0.90
	23.1
	Stoltze Land and Lumber 
	Columbia Falls
	lumber

	10.8
	26.5
	29.4
	1.91
	2.46
	Basin Creek Mine
	Lewis & Clark Co
	gold ores

	10.1
	2.20
	57.1
	0.37
	3.51
	Eureka Pellet Mills
	Lincoln Co
	lumber

	36,347
	753
	2,512
	1,421
	686
	total
	
	


Top of Form

Bottom of Form

The BMW complex air quality is currently considered to be good with limited upwind large stationary local emission sources and periodic robust wind dispersion.   Existing sources of emissions in the wilderness area includes dust from trails during dry conditions and smoke emissions from wildfires, and prescribed burns.  The BMW has a large program of wildland fire use with considerable historical emissions, particularly on the eastern portion of the BMW.  Adjacent area emissions include occasional construction equipment, vehicles, road dust, residential wood burning, wood fires, and smoke from logging emissions slash disposal, prescribed burns, wildfires, and wildland fire use.  The BWM complex receives vehicle, residential, and construction emissions from the from the upper Flathead valley (Kalispell, Columbia Falls, Whitefish, Hungry Horse, and West Glacier.
The main permitted industrial sources in the Flathead valley include Columbia Falls Aluminum Company (currently only partially in operation) for sulfur dioxides (SOx) and particulates and 2 Plum Creek facilities (Kalispell and Columbia Falls) for nitrogen oxides (NOx) and PM10.  Kalispell, Columbia Falls, and Whitefish are designated non-attainment areas by the Montana DEQ for PM10 http://www.deq.mt.gov/AirQuality/Planning/AirNonattainment.asp   East of the Great Bear Wilderness several stationary sources in Glacier and Teton Counties (primarily in Cut Bank) produce primarily NOx emissions from natural gas processing and transportation facilities.  The very strong dispersion and predominantly west to east wind direction transports most of these eastside emissions downwind of the GBW.   The Mission Mountain Wilderness receives emissions from the lower Flathead valley, including the Highway 93 corridor.  The southern part of the MMW is subject to Missoula area emissions described for the RW. 
Cabinet Mountains Wilderness
	Pollutant Emissions tons/year 

	CO
	NOx
	PM10
	SO2
	VOC
	Facility Name
	Location 
	Industry Type 


	1,052
	36.6
	69.8
	3.70
	8.86
	Stieson Lumber - Libby
	Libby
	lumber

	129
	14.3
	63.9
	1.90
	71.3
	Plum Creek Mfg., Lp-Ksanka
	Libby
	lumber

	10.1
	2.20
	57.1
	0.37
	3.51
	Eureka Pellet Mills
	Eureka
	lumber

	
	
	63.6
	
	
	Owens & Hurst
	Lincoln Co.
	lumber

	1,191
	52
	303
	6
	84
	total
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The CMW air quality is generally good with limited upwind large stationary local emission sources and periodic robust wind dispersion.  Libby is a PM2.5 non-attainment area with some of the most persistent particulate – human health issues in Montana as documented in the Montana DEQ air monitoring network review.   http://www.deq.mt.gov/AirMonitoring/networkRev/network2003.pdf   The Libby PM2.5 issues are caused by reduced dispersion in Libby’s incised valley location and not characteristic of the CMW which is located in higher elevation mountainous areas with considerable improved dispersion.   The CMW is also subject to long distance transport emissions from sources to the west in Oregon and Washington.  Existing sources of emissions in the CMW includes dust from trails during dry conditions and smoke emissions from wildfires, wildland fire use, and prescribed burns.  Adjacent area sources are primarily occasional construction equipment, vehicles, road dust, residential wood burning, wood fires, and smoke from logging emissions slash disposal, prescribed burns, and wildfires.  The CMW receives some vehicle, residential, and construction emissions from the Libby area and from the Highway 56 and Highway 2 corridor.   
Rattlesnake,  Welcome Creek,  Eastern Selway Bitterroot Wilderness, and Anaconda Pintler Wilderness
	Pollutant Emissions tons/year 

	CO
	NOx
	PM10
	SO2
	VOC
	Facility Name
	Location 
	Industry Type 


	3,804
	2,253
	697
	149
	871
	Stone Container
	Missoula 
	paper mill

	265
	186
	141
	9.94
	92.8
	Stimson Lumber - 
	East, Bonner 
	sawmill

	54.0
	435
	348
	6.49
	15.4
	Louisiana-Pacific
	Missoula 
	wood products

	23.6
	56.3
	141
	0.87
	8.26
	Pyramid Mtn Lumber
	Seeley Lake
	sawmill

	11.1
	4.42
	
	
	59.9
	Conoco, Inc. Bulk Terminal
	Missoula 
	petroleum 

	4,158
	2,935
	1,327
	166
	1,047
	total
	
	


Existing sources of emissions in the RW, WCW, and eastern SBW wilderness areas include dust from trails during dry conditions and smoke emissions from wildfires, wildland fire use, and prescribed burns.  Adjacent area emissions include occasional construction equipment, vehicles, road dust, residential wood burning, wood fires, and smoke from logging slash disposal, prescribed burns, and wildfires.  The RW receives vehicle, residential, construction from the Missoula area.  The WCW has very limited local sources.   Down valley airflow in the RW and WCW drainages is frequently robust during nighttime and early morning hours.  The entire RW and WCW areas area considered to be in attainment by the Montana DEQ.  The eastern SBW receives valley emissions from Stevensville, Hamilton, and Darby and some agriculture burning emissions.  The primary air pollution source to the eastern SBW is wildfire smoke from Idaho. 

The main source of air pollutants to the RW and to a lesser degree the WCW is the city of Missoula and surrounding area.  A chronological history of Missoula air quality issues and trends is available at Missoula County, 2006   http://www.co.missoula.mt.us/EnvHealth/AirQ/aqindex.html. 
Missoula is currently in non-attainment of National Ambient air quality standards for PM10 and carbon monoxide http://www.deq.mt.gov/AirQuality/Planning/AirNonattainment.asp.  The major source of emissions in the Missoula valley includes vehicle exhaust, wood burning smoke, and road dust, and industrial emissions.   The main permitted industrial sources in the Missoula valley include Stone Container for nitrogen dioxides (NOx) and Louisiana Pacific for PM10.   
Gospel Hump Wilderness and Western Selway Bitterroot Wilderness
	Pollutant Emissions tons/year 

	CO
	NOx
	PM10
	SO2
	VOC
	Facility Name
	Location 
	Industry Type 


	807
	275
	24.1
	8.88
	17.8
	Potlatch Corporation Wood Products 
	Pierce
	lumber

	246
	110
	59.2
	10.5
	23.8
	Evergreen Forests & Tamarack Energy 
	New Meadows 
	sawmill

	96.7
	6.46
	121
	2.55
	56.5
	Shearer Lumber Products
	Elk City
	sawmill

	1,150
	392
	204
	22
	98
	total
	total
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The GHW and western SBW air quality is generally good with limited upwind large stationary local emission sources and periodic robust wind dispersion.  The GHW is subject to long distance transport from sources to the west in Oregon and Washington.  Existing sources of emissions in the GHW includes dust from trails during dry conditions and smoke emissions from wildfires, wildland fire use, and prescribed burns.  Adjacent area sources are primarily occasional construction equipment, vehicles, road dust, residential wood burning, wood fires, and smoke from logging emissions slash disposal, prescribed burns, and wildfires.  The GHW receives some vehicle, residential, and construction emissions from the from Grangeville to McCall corridor along Highway 95, adjacent logging,  jet boat emissions on the Salmon river, and snowmobile emissions along the Buffalo Hump corridor.  Local emission levels area low due to the sparsely population area and vast areas for dispersion.  Down valley airflow in the GHW drainages (Johns Creek and Crooked Creek on the north and Salmon River tributaries on the south – Wind River, Sheep Creek, and Crooked Creek) is frequently robust during nighttime and early morning hours.  The entire GHW is considered to be in attainment by the Idaho DEQ. 
5.  WILDERNESS AIR QUALITY CONDITIONS 
The 1977 CAA amendments assigned the Forest Service an “affirmative responsibility” to protect the Air Quality Related Values (AQRV’s) of Class l areas.  The 6 Class II Wilderness areas are Class II for the Clean Air Act Prevention of Significant Deterioration (PSD) regulations.  Air quality protection authority (beyond ambient air quality standards and PSD increments) for these wilderness areas therefore relies primarily upon the Wilderness Act with the air quality values titled Wilderness Air Quality Values (WAQV’s). 
AQRV’s and WAQV’s for the 13 USFS Region 1 Wilderness areas are described in detail in the wilderness monitoring plans for each wilderness area.   The values include: 
	Wilderness Area
	Class
	AQRV or WAQV
	AQRV or WAQV values

	Bob Marshall (BMW)
	1
	AQRV
	visibility, aquatic ecosystems, wildlife

	Cabinet Mountains (CMW)
	1
	AQRV
	scenery, aquatic ecosystems, vegetation, wildlife

	Gates of the Mountains (GMW)
	1
	AQRV
	visibility, water, wildlife, flora

	Selway-Bitterroot (SBW)
	1
	AQRV
	visibility, aquatic ecosystems, soils and geology

	Anaconda-Pintler (APW)
	1
	AQRV
	scenery and visibility, water quality, wildlife, vegetation, fragrance, wilderness experience

	Scapegoat (SGW)
	1
	AQRV
	Visibility and scenery, water quality, wildlife, vegetation, odor, climate

	Mission Mountains (MMW)
	1
	WAQV
	visibility and scenery, aquatic ecosystems, vegetation, wildlife

	Absaroka- Beartooth (ABW)
	2
	WAQV
	visibility and scenery, alpine ecosystems, wildlife

	Lee Metcalf (LMW)
	2
	WAQV
	visibility and scenery, lakes, wildlife

	Great Bear (GBW)
	2
	WAQV
	visibility and scenery

	Rattlesnake (RW)
	2
	WAQV
	visibility and scenery, lakes

	Welcome Creek (WCW)
	2
	WAQV
	visibility and scenery

	Gospel Hump (GHW)
	2
	WAQV
	visibility and scenery, lakes


The AQRV’s and WAQV’s that could potentially be monitored in each wilderness area were designated by attendees at the first USFS R1 air quality workshop during March of 1990.  All of the wilderness areas include visibility or scenery as an AQRV or WAQV and most contain water or aquatic ecosystems.   Some of the values designated (soils and geology, climate) may be questionable and difficult to monitor.  The main focus of the USFS R1 monitoring program therefore has been visibility, lake chemistry, and lichens with an additional focus on the diagnostic wet chemistry NADP and snow chemistry deposition parameters.  AQRV and WAQV monitoring has been taking place since 1989.  The following two tables summarize Region 1 monitoring efforts to date for each Wilderness area (dates for lakes is the date of the initiation of monitoring).  
	USFS R1 Class I Wilderness AQRV Monitoring

	Item
	BMW
	CMW
	SBW
	APW
	GMW
	MMW
	SCW

	AQRV plan
	1990
	1993
	1994
	1995
	1993
	1996
	1997

	Visibility camera1
	1989-1995
	1990 - 1995
	1992 - 1999
	1994 - 1999
	
	
	

	Digital camera
	2000 – present2
	
	2002 – present3
	
	2001- present2
	
	

	IMPROVE particulate sampler

(Site)
	2000 – present

(MONT1)
	2000 – present

(CABI1)
	1994 – present

(SULA1)
	1994 – present

(SULA1)
	2000 – present

(GAMO1)
	2000 – present

(MONT1)
	2000 – present

(MONT1)

	Phase 1 Lakes
	
	1991
	1991
	
	
	1995
	

	Phase 2 Lakes
	1989
	1992
	1992
	1992
	
	
	

	Phase 3 Lakes
	1990
	1994
	1995
	
	
	
	

	MAGIC Model
	
	1996
	1997
	
	
	
	

	NADP
	
	
	
	1990 - present
	1990 - present
	
	

	Lichens
	1992 - present
	2001 - present
	1992 – present
	1992 – present
	1992 - present
	2001 – present
	2001 - present

	Snow Chemistry
	1992 – present
	
	1997 – present
	
	1997 – present
	
	

	BMW – Bob Marshall Wilderness

CMW – Cabinet Mountains Wilderness

SBW – Selway-Bitterroot Wilderness

ABW – Anaconda-Pintler Wilderness
	GMW – Gates of the Mountain Wilderness

MMW – Mission Mountains Wilderness

SCW – Scapegoat Wilderness



	1
Selected representative images can be viewed from the historical gallery at www.fsvisimages.com; search by Wilderness name.

2
BMW and GMW digital images are taken at 0900, 1200, and 1500 daily; archived images can be viewed from the image library located at 
www.fsvisimages.com; select Monture for BMW and Gates of the Mountains for GMW.

3
SBW digital images are taken every 30 minutes and are viewable in real time; current image can be viewed at www.fsvisimages.com/biva1/biva1.html. 


	USFS R1 Class II Wilderness AQRV Monitoring

	Item
	ABW
	LMW
	RW
	WCW
	GBW
	GHW

	WAQV plan
	2008
	2008
	2007
	2007
	2007
	2008

	Visibility camera1
	
	
	
	
	
	

	Digital camera
	
	
	
	
	
	

	Representative IMPROVE Monitoring Site1
	YELL2 (1997)
 NOAB1 (2000)
	YELL2 (1997) 
NOAB1 (2000)
	MONT1 (2000)
SULA1 (1994)
	MONT1 (2000)

SULA1 (1994)
	GLAC1 (1988)
MONT1 (2000)
	HECA1 (2001)

	Phase 1 Lakes
	1993
	
	
	
	
	

	Phase 2 Lakes
	1994
	
	
	
	
	

	Phase 3 Lakes
	1996
	
	
	
	
	

	MAGIC Model
	1998
	
	
	
	
	

	NADP
	
	
	
	
	
	

	Lichens
	
	
	
	
	
	

	Snow Chemistry
	1997 – present
	1997 - present
	1997 – present
	1997 - present
	1997 - present
	

	ABW – Absaroka-Beartooth Wilderness
LMW – Lee Metcalf Wilderness

RW – Rattlesneke Wilderness
	WCW – Welcome Creek Wilderness
GBW – Great Bear Wilderness

GHW – Gospel Hump Wilderness

	1
IMPROVE monitors are those determined in the WAQV plan to be in close enough in proximity to represent visibility conditions in the respective Class 
II area.  Dates are years sampler went into operation.

 


The visibility camera, digital camera, and particulate sampler instrumentation is part of the IMPROVE program.  The lake monitoring has included the Phase 1, Phase 2, and Phase 3 sampling as well as the MAGIC model calibrations.  The NADP monitoring for Region 1 is the operation of the Lost Trail Pass NADP site.  Lichen monitoring has occurred around all regional Class I Wilderness areas.  Snow chemistry has been coordinated with the USGS water resource division since 1993.   Each of these monitoring activities will be summarized in detail.
Lake Chemistry 

The US Forest Service Region 1 Air Resource Monitoring Program has emphasized the monitoring of lake chemistry, which provides diagnostic indicators of atmospheric deposition.  Region 1 has about 1,750 wilderness lakes.  The lakes are a main focal point for Wilderness recreation users but also provide a chemical record of air pollution impacts.  Chemical records are useful for understanding changes in a lake's composition.  Lake chemistry can affect microorganisms, invertebrates, and the native flora, which ultimately affects the health and productivity of fish.  Since 1989, USFS R1 personnel, primarily Wilderness rangers, and volunteers from Yellowstone Ecosystem Studies have sampled 176 Wilderness lakes in R1.  The sampling has consisted of a 3-phase program:

Phase 1: Reconnaissance of lake watershed conditions.  Sampling of pH, alkalinity, and conductivity to determine lake buffering potential (1989 – 1991) 

Phase 2:  Synoptic chemical characterization of selected lakes (about 50% of Phase 1 lakes) for a wide variety of anions and cations.  This phase is designed to provide an overall perspective of the types and variety of chemical processes in the lakes, and distribution of lake types and lake sensitivity relative to watershed factors (1992-1995) 

Phase 3: Intensive chemical monitoring of 6 lakes (2 in each of 3 Wilderness areas) to provide a long-term benchmark of trends in acid deposition and other atmospheric related changes in the lake ecosystems (1994 – 2007)

The table below is a composite summary table of ANC (acid neutralizing capacity) for the USFS R1 lakes from all of the information sources through Phase 2 including Montana DFWP data for the Great Bear and Rattlesnake Wilderness and Nez Perce NF data for the Gospel Hump and River of No Return Wilderness.   

	Wilderness Area
	# Lakes
	Avg. ANC (µeq/l)
	Low ANC (µeq/l)

	Absaroka-Beartooth
	641
	83
	15

	Anaconda-Pintler
	100
	429
	46

	Bob Marshall
	119
	811
	154

	Cabinet Mountains
	88
	169
	5

	Gospel Hump
	86
	82
	24

	Great Bear
	36
	1376
	680

	Hells Canyon
	29
	142
	28

	Lee Metcalf
	111
	232
	68

	Mission Mountains
	151
	449
	73

	Rattlesnake
	52
	214
	100

	River of No Return
	21
	93
	48

	Selway-Bitterroot
	315
	52
	18


Six lakes were selected for long term Phase 3 monitoring, two in each of the Cabinet Mountains Wilderness (CMW), Selway Bitterroot Wilderness (SBW), and Absaroka Beartooth Wilderness (ABW) areas. They were chosen because of their high sensitivity to acid precipitation and represent other similar lakes in R-1 Wilderness areas. 

Sensitivity to acid precipitation is controlled primarily by the surrounding bedrock at a site and how it physically and chemically weathers.  Bedrock weathering affects a lake's capacity to neutralize acidity.  Most of the Bob Marshall complex, Anaconda Pintler, and Mission Mountain Wilderness areas have predominantly weatherable sedimentary bedrock.  This type of bedrock dissolves relatively easily which contributes chemicals to neutralize acidity (primarily carbonates).  Conversely, the Selway Bitterroot, Absaroka Beartooth, and parts of the Cabinet Mountains Wilderness areas have lakes with granite, gneiss, or quartzite bedrock all of which are resistant to weathering and thus contribute little to neutralize acidity.  Alpine watersheds are susceptible to acid deposition because of thin soils and limited vegetation to buffer precipitation acidity. 

Phase 3 sample methods are described in detail in Story and Grenon (2008a) which consist  of  primary and duplicate samples from about 0.5 meters (about 1.5 feet in depth) from the raft in the deepest part the lake.   Samples were kept cool in field coolers with frozen gel packs and shipped to the to the Air Resource Management Laboratory, http://www.fs.fed.us/waterlab/ as soon as possible.

Biogeochemisry Lab Procedures:  


pH & alkalinty--Acid Rain Analysis System (ARAS) gran technique

specific conductance--YSI meter

chloride, sulfate, nitrate, ammonia, phosphate, calcium, potassium, sodium, magnesium --liquid ion chromatography 

fluoride--ion specific electrode

aluminum and silica--Lachat flow injection system. 
Selected magnesium and calcium chromatography values were checked with atomic absorption (Thermo Jarrell Ash 22E). 
All analyses used QA/QC guidelines and EPA reference standards stablished in the Handbook of Methods for Acid Deposition Studies (EPA 600/4-87/026 and Standard Methods (APHA, 1989). The data was reviewed for conformance with quality assurance standards prior to use.  All of the lake data is available on the USFS NRIS-Air database.  
Previous reports document lake chemistry findings since 1993 (Story, 1993b, 1994a, 1994b, 1995a, 1996b, 1999b,  2002; Story and Grenon, 2008a).  The pH has been increasing slightly for each of the lakes but conductivity and ANC have more variation.  In the ABW Stepping Stone Lake is showing an overall decrease in ANC and conductivity whereas Twin Island Lake is showing a slight increase in ANC and conductiviy. Upper Libby and Lower Libby lakes in the CMW have declining ANC and fairly stable conductivity.  Both Upper and Lower Libby lake ANC recovered in 2001 but not to pre-1999 levels.  North Kootenai lake in the SBW has stable to slightly decreasing trends in ANC, and conductivity throughout the period of record.  Shasta Lake also shows the same pattern as North Kootenai lake but with less of a decline.   
The following graphs show the ANC data for each of the Phase 3 lakes. 
	ANC trends from Phase 3 Wilderness Lakes
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Variation in lake chemistry is due to a combination of factors including weather patterns, including rain events and predominant wind patterns during the several days preceding the sampling period, and the date and time of sampling.  In general, winters with large snow packs, such as in 1996 and 1997, would be expected to “flush” the lake watersheds with more snowmelt dilution.  However a flushing effect would be most discernable during snowmelt runoff (primarily late May to late June), which is 1-2 months earlier than most of the Phase 3 sampling.  The decline in conductivity and ANC in the Libby Lakes, particularly in 1999 are not readily explainable since no similar trend occurred in the SBW lakes. The Lost Trail Pass NADP site has had a slight decline in pH and an increase in NO3 during 1990 to 2006 (Story and Grenon, 2008a).   It is possible that the ANC decline in Libby Lakes may be due to reduced surface inflow to the lakes with a larger percentage of the lake water volume due to direct precipitation.  Water entering the lake via precipitation would not interact with the lake watershed vegetation, bedrock, or soils hence would be more dilute.  Lake levels in Libby Lakes have notably declined since 1998, particularly Upper Libby Lake.  

Sulfate (SO4) and nitrate (NO3) are acidifying anions.  Despite overall trends in the west of decreasing SO4, none of the lakes monitored for this report show a decreasing SO4 trend.  This may be due to weatherization of bedrock surrounding the lakes or the lakes may be too far from sulfates source to be significantly affected by emission decrease.  No strong trends in NO3 and NH4 are discernable.  Overall NH4 levels appear to be increasing slightly in the ABW and CMW and decreasing in the SBW.  The NO3 appears to be fairly stable or decreasing in all of the lakes except Twin Island Lake in the ABW.  A decrease trend in nitrate does not fit with the overall increasing trend throughout the western US.  The low nitrate concentrations, which include non-detectable for most sampling events, are likely due to quick assimilation by precipitation and watershed source nitrate by phytoplankton except for Upper Libby Lake which is very oligotrophic and limited algae which evidently reduces nitrate assimilation rates.   None of the R1 lakes demonstrate increasing nitrate trends as has been documented in Colorado Front Range Lakes (by the USGS) or in Wyoming Wind River lakes (by the  Bridger Teton NF).   Nitrate, ammonia, and sulfate graphs for each of the Phase 1 lakes are displayed below. 
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Additional monitoring of 3 Class II areas in 2007 updated the lake chemistry of the Lee Metcalf Wilderness, Rattlesnake Wilderness, and Gospel Hump Wilderness.   For the RW the 2007 RSW WAQV plan monitoring provided much more specific information for 8 selected lakes (Story and Grenon, 2008a).   ANC in the 2007 sample for Farmers Lake #5 was 60.9 compared to 67.2 for the 1985 Western Lake Survey and the 2007 sample for No Name Lake was 311.6 compared to 292 for the 1985 Western Lake Survey.  The most sensitive lake is Rattlesnake Lake #20 with an ANC of only 34.9 ueq/L.  Most of the RW lakes had low concentrations of measurable NO3 (0.000 to 0.003 mg/L) but strong concentrations of calcium (Ca) 0.3 to 3.4 mg/l which largely accounts for the relative high ANC’s.  The 2007 information updates the DFWP CaCO3 data from the 1970’s with a more specific index of lake chemistry and buffering capacity.  The 52 RSW lakes are located in the Precambrian Missoula Group (pCm) which is a complex sedimentary and metamorphic mosaic of various parent material types including argillite, quartzite, limestone, shale, and sandstone.  Average RW alkalinity is 213 ueq/L from the 1970’s DFWP data and average ANC is 92.6 ueq/L from the 2007 data which generally indicates ample buffering to acid deposition induced acidification.  

Eleven Lee Metcalf Wilderness Lakes were sampled during July and August of 1994 (Story, 1994b).  None of the LMW lakes are considered to be sensitive to acid deposition.   The LMW lakes sampled had an average ANC of 232 ueq/L with no lakes less than 50 ueq/L.  The 1994 ANC ranged from 67.8 ueq/L in Jerome Rock Lake #1 to 357.8 ueq/L in Thompson Lake.  The 3 Jerome Rock lakes had lower acid deposition sensitivity than any of the other LMW lakes.  The 3 Jerome Rock lakes were then re-sampled in 2007 as part of the ABW-LMW WAQV plan with very similar results to 1994.  In each of the 3 lakes N03, SO4 decreased while pH and ANC increased indicating stable acid neutralizing trends through the period of record. 

The Nez Perce NF and Idaho Department of Fish and Game sampled 46 lakes the GHW on July, August, and September of 1989 (Bahls, 1990).  The sampling was part of the Nez Perce High Lake Fisheries Project.  The project included an extensive inventory of lake mapping and bathometry, bottom substrate composition (littoral zone), water chemistry, inlet and outlet stream geometry, lake basin vegetation, fish stocking records, gill net of fish type/size/number, campsites, and access.  Protocols are documented in Bahls (1989).  Average pH of the lakes sampled was 7.0.   alkalinity averaged 104.6 ueq/L and conductivity 12.8 umhos/cm.  Alkalinity ranged from 25.8 ueq/L at upper Knob Lake to 308.7 ueq/L at Mirror Lake. Five GHW lakes were sampled in 2007.  The  2007 lakes chosen to sample were selected as part of this GHW WAQV plan since they had the lowest ANC’s and pH’s in 1989,  The 2007 GHW lake data is very comparable to the 1989 data.   For the parameters in common, pH, alkalinity (a proxy for ANC), and conductivity the 2007 data were slightly lower except for an ANC increase at Lower Gospel and conductivity increase at Upper Slate lake.  The differences are likely due to systematic lab techniques rather than a change in lake chemistry. 

MAGIC Modeling

A primary purpose of the Phase 3 lake monitoring program is to utilize the sensitive nature of the Phase 3 lakes in defining and protecting these sensitive AQRV’s (air quality related values).  The MAGIC modeling is included in the AQRV monitoring and sampling plans for the CMW and SBW (Kettner, 1993; Ternes and Ganesan, 1994). 

The MAGIC (Model of Acidification of Groundwater in Catchments) model is a state of the art acid deposition watershed/soils/lake chemistry model for non-research watersheds.  The model is a lumped parameter model of intermediate complexity which simulates several soil and water chemistry constituents in accounting for atmospheric deposition and watershed interaction of bedrock, soils, and lake dynamics.  The model simulates soil solution chemistry and surface water chemistry to predict monthly and annual average concentrations of the major ions in lake water.  The model is useful in PSD analysis of lake AQRV's to evaluate if potential upwind emission may pose adverse changes to lake chemistry characteristics.  

MAGIC modeling calibrations were completed for Libby Lakes in 1997 (Bernett et. al., 1997: Story, 1997), Shasta and North Kootenai Lakes in 1998 (Eilers et. al., 1998), and for Stepping Stone and Twin Island lakes in 1999.  Due to the shallow and quartzite dominated soils in the Libby lakes watersheds, the Libby lakes, particularly upper Libby Lake, are very susceptible to lake acidification.  The ABW lakes Stepping Stone and Twin Island are less sensitive due primarily to slightly deeper soils.  Shasta and North Kootenai Lakes, although having low ANC’s, are relatively less sensitive due to the pockets of deep Palouse soils in their respective lake watersheds.  

Lake Monitoring Recommendations: In general, atmospheric/lake chemistry scientists have advised that lake benchmark monitoring, such as the USFS R1 lake monitoring program, occurs for at least a 20-30 year period to establish baseline and trends.  A total of 14 years of Phase 3 lake data is available for the CMW lakes while the SBW and ABW have 13 years and 12 years respectively.  Continued monitoring is also suggested due to the overall western trends of increasing nitrate, sulfate, and ammonium.   The general trend of increasing TOC (total organic carbon) in many European and Western US lakes has been attributed to depositional chemistry changes and an inverse relationship between mineral acidity and organic acidity (Vuorenmaa et.al., 2006) and is an increasingly important parameter to monitor.  TOC should be added as a monitoring parameter in the Phase 3 lakes in 2008.  In view of the extensive year to year variation in key atmospheric deposition parameters, and the low ANC and conductivity readings in the Libby lakes (CMW) in 1999 and 2001, it is recommended that the Phase 3 lake monitoring program be continued until at least 2020 for the CMW lakes as well as the SBW and ABW lakes.  It would be very useful to sample Libby Lakes 2 times – just after snowmelt runoff (early July) and late summer (September) to test for variation due to lake level.  

Visibility 

Visibility in USFS R1 has been monitored in coordination with the Interagency Monitoring of Protected Visual Environments (IMPROVE) program (http://vista.cira.colostate.edu/improve/  since 1989.  The USFS has operated 7 IMPROVE sites (5 currently).  Four additional IMPROVE sites are in close proximity and are also very useful. 
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IMPROVE monitoring site locations relative to Wilderness Areas in USFS Region 1. 
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Trend data is available at http://vista.cira.colostate.edu/dev/web/AnnualSummaryDev/trends.aspx  which shows visibility trends since the stations were installed.  The graphs below show trends in light extinction and deciviews which are indices of visibility.  Air quality State Implementation Plan (SIP) for particulates is promulgated through the Montana Clean Air Act and implementing regulations. The deciview unit is a haze index which is a measure of visibility derived from calculated light extinction measurements so that uniform changes in the haze index correspond to uniform incremental changes in visual perception across the entire range of conditions from pristine to highly impaired. The haze index [in units of deciviews (dv)] is calculated directly from the total light extinction [bext expressed in inverse megameters (Mm-1)] as follows: HI = 10 in (bext/10). 
The trends for the IMPROVE sites in proximity to USFS R1 Wilderness areas show generally stable to improving visibility trends (through 2004) for the period of record for both the 20% best and 20% worst days.  Generally the lowest visibility (highest light extinction and deciviews) occurred in 2000 and 2003 which were robust wildfire years.  Several graphs are displayed below to illustrate trends in IMPROVE sites in or near USFS R1 Wilderness areas. 
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Glacier NP visibility data for 20% best and 20% worst days.  The Glacier NP site is also representative of visibility in the Bob Marshall and Scapegoat Wilderness areas.
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Cabinet Mountains visibility data for 20% best and 20% worst days

Both the Cabinet Mountains IMPROVE sites above and the Monture IMPROVE site below which were both established in 2000,  had similar trends of generally improving visibility during the period of record.  Both sites had the 20% worst visibility (light extinction and deciviews) during the robust wildfire year of 2003. 
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                               Monture site visibility data for 20% best and 20% worst days
The IMPROVE data was also converted for SVR (standard visual range in kilometers) and deciviews which shows the inverse correlation between SVR and deciviews.  For the Glacier NP, Cabinet Mountains, and Monture sites visibility is closely correlated to wildfire activity. 
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Particle, light extinction, and visibility trends for the Glacier NP IMPROVE site.    

For the GLAC1, CABI1, and MONT1 sites the mass IMPROVE data demonstrates the correlation between particulates and light extinction (aerosol bext) and visibility (dv and SVR).  The MF is fine mass (PM2.5 or particles < 2.5 um diameter).  MT is total mass (PM10 or particles < 10 um diameter).  MT – MF = CM or coarse mass which is a component of aerosol reconstructed extinction.  The recorded MT was highest at Glacier NP (GLAC1) in 2000 which was a robust wildfire year.  
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Particle, light extinction, and visibility trends for the Cabinet Mountains IMPROVE site.    
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Particle, light extinction, and visibility trends for the Monture IMPROVE site.    
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Particle, light extinction, and visibility trends for the Gates of the Mountains IMPROVE site. 
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Particle, light extinction, and visibility trends for the Yellowstone NP IMPROVE site which is representative of visibility in the ABW and LMW.    
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Particle, light extinction, and visibility trends for the Hells Canyon IMPROVE site which is representative of visibility in  the GHW.

Atmospheric Deposition – NADP

The NADP Program was initiated in 1978 to monitor geographical and temporal trends in the chemical composition of rain and snow (wet deposition) with the primary purpose of acid rain benchmark monitoring.  The program was prompted by scientific evidence and public concern in the 1970’s that acid rain could be damaging aquatic ecosystems throughout the United States.  The program grew steadily though the early 1980’s and has stabilized at about 200 sites.  The NADP network is used by a wide variety of government administrators and university scientists in monitoring the amounts of atmospheric deposition and effects on agriculture, forests, rangelands, freshwater streams, lakes, and cultural resources.  Atmospheric deposition is commonly referred as “acid rain” but can occur as acid snow, fog, or dry deposition.   The NADP data from all sites is readily retrievable at the NADP web site at http://nadp.sws.uiuc.edu.  The National Atmospheric Deposition Program (NADP) site at Lost Trail Pass MT97 on the Sula District of the Bitterroot National Forest has been in operation by since October 1, 1990.  The Lost Trail Pass site is the only NADP site in Montana operated by the US Forest Service and is the only high elevation NADP site in Montana and Idaho.   Data for the MT97 site from 1990 to 2006 is summarized in Story and Grenon (2008b).  Other NADP sites are very useful for USFS R1 wilderness monitoring as shown in the NADP map below. 
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All of the NADP sites, including Lost Trail Pass, are operated according to strict NADP protocols.  Sample buckets (3.5 gallons) are exchanged each Tuesday.  Sample weights are measured, daily precipitation is recorded on the site from the rain gage strip charts, and the samples are shipped to the Central Analytical Lab (CAL) at the University of Illinois in Champaign (Illinois State Water Survey).  The CAL lab analyzes samples from pH, conductivity, calcium, magnesium, potassium, sodium, ammonia, nitrate, chloride, and sulfate. The data is carefully evaluated at the NADP Coordination Office for quality control and consistency.  Quality control throughout the CAL and NADP offices is very rigid and consistent.  Data is available about 6 months after the samples are analyzed and quality control checked by the CAL.  
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The MT97 Lost Trail Pass NADP site is an important site for atmospheric deposition trend monitoring for the GHW, SBW, APW, RSW, and WCW.  An ecologically significant parameter in trend analysis and acid deposition is total wet deposition of sulfate and nitrate in kilograms/hectare (kg/ha) shown in the graphs above for Lost Trail Pass.  A major variable in total wet deposition is precipitation so that wet deposition is greater in high precipitation years.  In general, sulfate deposition slightly decreased through 1999 and has since been increasing with a notable rise in 2005 and 2006.   Sulfate and nitrate deposition increases slightly from 2000 through 2004 then a noticeable rise in 2005 and 2006.   Winter sulfate and particularly nitrate increased sharply at Lost Trail Pass in 2006.  The deposition trends at MT05 (Glacier NP) indicate a reduction in overall nitrate and sulfate deposition since 1981. It is important to note that NOx emissions are generally increasing in the Western US due to mobile sources (mainly vehicles) as population grows as well as increasing small industrial facilities (Peterson and Sullivan, 1998).  The increase in nitrate deposition at MT97 over the past several years is consistent with overall increasing trends for mobile source (vehicle) emissions in the Western US (Lynch, 1996, Peterson and Sullivan, 1998).  The slight increase in overall sulfate deposition is not, however, consistent with overall decrease in Western US trends of industrial SO2 sources.  Many of the historic largest Western US SO2 sources have shut down or are improving air pollution control technology.  
Snowpack Chemistry 

The United States Geological Survey (USGS) Water Resource Division in Colorado, in cooperation with the USFS, NPS, and multiple other agencies and interest groups has been monitoring 52 seasonal (late winter), depth integrated,  bulk snowpack sites along the Continental Divide from New Mexico through Montana since 1993, (Ingersoll et. al., 2002a) http://pubs.usgs.gov/of/2001/ofr01-466/ .  Several of these sites are very close the USFS R1 Wilderness areas and are very useful indicators of total winter chemical deposition.  Bulk late winter snowpack samples provide a very useful diagnosis of chemical deposition (H+, Ca2+, Mg2+, Na+, K+, HN4+, SO4+, NO3-, and Cl-)  from all transport sources (short and long range) through the late fall and winter period. The samples are collected in a depth integrated fashion prior to spring snowmelt rinsing of the snowpack which quickly flushes the soluble chemical constituents from the snowpacks (Ingersoll et. al., (2001, 2002, 2003, 2004, and 2005).  The snowpack monitoring has documented generally decreasing levels of snowpack contaminants from south (New Mexico and Colorado) north through Montana as shown in the graphs below in Ingersoll et. al, 2003, for nitrate and sulfate  http://pubs.usgs.gov/of/2005/1332/.   The diameter of circle is representative of average nitrate and sulfate concentrations. Seven of these sites are near the ABW or LMW including 4 sites in Yellowstone NP (West Yellowstone, Canyon, Lewis Lake, and Sylvan Lake) and 3 additional sites on the Gallatin NF (Big Sky, Daisy Pass, and Lionshead).   Montana and Northern Wyoming snowpacks have generally low (dilute) amounts of contaminants except samples collected near areas of heavy snowmobile use in YNP (Ingersoll, 1998) and at the Lionshead site near West Yellowstone (11 miles south of the LMW) where nitrate, sulfate, and ammonium have been consistently elevated, presumably from dust contamination of the snowpack from upwind agricultural areas in Idaho.  
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Sites proximate to the BMW and GBW include Noisy Basin, at T28N, R19W, SE1/4, section 25, is on the western edge of the Jewell Basin Hiking Area and 12 miles west of the GBW and Apgar Mountain in Glacier NP about 5 miles NW of the GBW and at Big Mountain Ski Area about 19 miles west of the GBW.   Noisy Basin #8, Big Mountain #1, Snow Bowl #10, and all of the western Montana sites had low levels of sulfate relative to sites in Wyoming, Colorado, and New Mexico which are closer to industrial facilities. Subsequent snow chemistry monitoring has shown a slight decline in snow sulfate concentrations in Montana particularly site #6, Kings Hill (Lewis and Clark NF) which is downwind of the mow closed East Helena ASARCO smelter which was the largest source of SO2 emissions in Montana.  The smelter shut down in 2001 with a corresponding reduction of Kings Hill snow sample sulfur concentrations.  Three of the snow chemistry sites are near the  RW and WCW including Snow Bowl (1 mile from RW and 33 miles from WCW),  Granite Pass  (39 miles from RW and 44 miles from WCW),  and Red Mountain Pass (112 mile from RW and 84 miles from WCW).  Two of these sites, Banner Summit (site #20 in map above) and Galena Summit (site #21 in map above) are on the Sawtooth National Forest about 131 miles and 192 miles south and west  of the GHW  and SBW respectively.   The Red Mountain Pass site is located about 36 miles SE of the APW. 

Lichens 

Many lichens are extremely vulnerable to air pollution, especially acidifying sulfur and nitrogen compounds, and fertilizing compounds.  Lichens lack a waxy cuticle (commonly found in plants) and absorb nutrients and pollutants from wet and dry atmospheric deposition, this characteristic makes lichens useful biologic indicators of air quality.  Lichen communities in polluted environments typically have low diversity, though the abundance of pollution-tolerant species may be relatively high.  Epiphytic macro-lichens are usually used for chemical analysis of air pollutants because they normally have larger surface area exposed than micro-lichens and are not influenced by soil or rock chemistry.
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Dr. Larry St. Clair,of Brigham Young University has been collecting lichen samples in USFS Class I areas since 1992 and has collected samples from around each of the regional Class I Wilderness areas ).   Sample locations were established around the APW,  SBW, and CMW  during 1992 – 1994.  These sites were resampled between 2000 – 2002.  Also during 2000 – 2002, new sites were established around the BMW, GMW and MMW. Results from the BMW are considered representative of the SCW.

Samples in general show a diverse lichen population that so far has been relatively unimpacted by air pollution (St. Clair, 2005). Samples surrounding the Anaconda-Pintler Wilderness show elevated levels of various heavy metals, most likely due to stockpiled smelter debris.  Howver, some declines were noted between the 1990 – 1992 samples and the 2000 – 2002 samples.  For the Selway Bitterroot Wilderness sites, St. Clair found (2005) that some decreases and some increases in chemical concentrations between 1992 and 2000 to 2002.   Four sites (all high elevation) showed moderately elevated sulfur concentrations in the 2001 samples.  St. Clair speculates that the source could be long range transport.   Some of the SBW sites had a increase in cobalt, arsenic levels, and elevated Fe/Ti ratios between sampling periods.  The Cu/Zn ratios were within background levels at all sites in 2000 to 2002.   Sites resampled in the CMW showed virtually no change between the 1990 – 1992 sampling period and the 2000 – 2002 sampling period..

The SBW findings are likely similar to lichen species and condition in the Gospel Hump Wilderness, in particular the western Selway Bitterroot sites which are within 60 miles of the GHW with very few stationary sources of emissions in between.  It should be noted, however, that the GHW is closer than the SBW to the point sources in Oregon and Washington, notably the Umatilla Weapons disposal and Hanford Nuclear Testing Facility.  These sources along with has historical mineral exploration and would be expected to have slight potential lichen impacts.  

6. Wilderness Air Quality Monitoring PlaN

This USFS R1 air quality monitoring plan primarily consists of a continuation of the AQRV and WAQV monitoring program that has been ongoing since 1989 in R1 with some additional WAQV monitoring for the Class II Wilderness areas as specified in the Class II WAQV plans.   A primary goal of this plan is continue the AQRV air quality monitoring trends for the key visibility, lakes, lichens, and supporting atmospheric wet deposition and snow deposition monitoring.    Another key provision of this plan is designed to specify appropriate monitoring to protect the Class II WAQVs in the Absaroka- Beartooth, Lee Metcalf, Great Bear, Rattlesnake, Welcome Creek, and Gospel Hump Wilderness in order to meet the Wilderness Stewardship Challenge to achieve the objectives of the Air Element #3 as detailed at http://www.wilderness.net/index.cfm?fuse=toolboxes&sec=air    

The table below lists ongoing and planned air quality monitoring for each USFS R1 Wilderness area.  The monitoring highlighted in blue is operated and funded by the Forest Service.  The monitoring highlighted by an * is funded by other agencies although the Region provides funding support and logistical support to the USGS snow chemistry sites , IMPROVE monitoring sites, and the NADP site.  

	
	  USFS R1 Class I Wilderness Areas – AQRV’s

	monitoring item
	BMW
	SGW
	CMW
	SBW
	APW
	GMW
	MMW

	Phase 3 Lakes
	
	
	Upper & Lower Libby Lakes 
	North Kootenai & Shasta Lakes 
	
	
	

	IMPROVE visibility
	MONT1 & GLAC1*  IMPROVE site
	MONT1 IMPROVE site
	CABI1 & GLAC1*   IMPROVE site 
	SULA1 & SAWT1*  IMPROVE site 
	SULA1  IMPROVE site 
	GAMO1 IMPROVE site 
	MONT1 & GLAC1*   IMPROVE site

	Lichens
	12 reference sites – 2002 & 2003, 2010
	
	3 reference sites – 1992, 2010
	16 reference sites – 1992 - 1994, 2008
	10 reference sites – 1992, 2008
	3 reference sites – 2000 - 2001, 2008
	4 reference sites – 2002, 2010

	NADP
	Glacier NP MT05 NADP site*
	Glacier NP MT05* and Clancy MT07*  NADP sites
	Glacier NP MT05* and Priest River ExpFst ID02* NADP sites
	Lost Trail Pass MT97 NADP site 
	Lost Trail Pass MT97 NADP site
	Clancy MT07*  NADP site
	Glacier NP MT05 NADP site

	Snow Chemistry 
	USGS snow chemistry sites* 
	USGS snow chemistry sites* 
	USGS snow chemistry sites* 
	USGS snow chemistry sites* 
	USGS snow chemistry sites* 
	USGS snow chemistry sites* 
	USGS snow chemistry sites* 


	
	   USFS R1 Class II Wilderness Areas – WAQV’s

	monitoring item
	ABW
	LMW
	GBW
	RW
	WCW
	GHW

	Lakes 
	Twin Island & Stepping Stone Phase 3 lakes
	3 lakes (2007)
	
	8 lakes (2007)
	
	5 lakes (2007) 3 lakes (2008)

	IMPROVE visibility
	YELL2* & NOAB1* IMPROVE sites 
	YELL1* & NOAB1* IMPROVE sites
	GLAC1*  IMPROVE site
	MONT1  & SULA1 IMPROVE sites
	MONT1  & SULA1 IMPROVE sites
	SULA1 HECA1*  

SAWT1* IMPROVE sites

	Lichens
	
	
	
	
	
	2 reference sites – 2008

	NADP
	Yellowstone Pk WY08* NADP site
	Lost Trail Pass MT97 and Yellowstone Pk WY08* NADP sites
	Glacier NP MT95*  NADP site
	Lost Trail Pass MT97 NADP site
	Lost Trail Pass MT97 NADP site
	Lost Trail Pass MT97, Priest River Exp Fst ID02*, Palouse WA24* NADP sites

	Snow Chemistry 
	USGS snow chemistry sites* 
	USGS snow chemistry sites* 
	USGS snow chemistry sites* 
	USGS snow chemistry sites* 
	USGS snow chemistry sites* 
	USGS snow chemistry sites* 


BMW – Bob Marshall Wilderness                                 ABW – Absaroka Beartooth Wilderness

SGW – Scapegoat Wilderness                                     LMW – Lee Metcalf Wilderness

CMW – Cabinet Mountains Wilderness                        GBW – Great Bear Wilderness

SBW – Selway Bitterroot Wilderness                            RW – Rattlesnake Wilderness

APW – Anaconda Pintler Wilderness                            WCW – Welcome Creek Wilderness

GMW – Gates of the Mountains Wilderness                 GHW – Gospel Hump Wilderness

MMW – Mission Mountains Wilderness                         
* operated by non-USFS agencies 

sites monitored by USFS R1 

Costs
The USFS R1 annual air quality Wilderness Monitoring costs are listed below for direct monitoring costs including personnel, equipment, vehicles, per diem, and lab fees.  The costs do not include administrative or analysis/reporting costs. 

	monitoring item
	costs/year

	Lakes 
	$5,500

	IMPROVE visibility
	$70,000

	Lichens
	$7500 

	NADP
	$10,000

	Snow Chemistry 
	$18,000

	total per year
	$111,000


A more specific cost delineation includes: 

Phase 3 lakes:   Upper and Lower Libby lakes (CMW)  $1000.  These include samplers and lab costs. 

North Kootenai and Shasta lakes (SBW)  $3000

Stepping Stone and Twin Island lakes (ABW)  $1500

IMPROVE:  Cabinet Mountains (CABI1) $15,000
Monture (MONT1)  $15,000
Gates of the Mountains  $25,000
Sula (SULA1)   $15,000 
Lichens:  $7500. Funding support to Brigham Young University
NADP:   Lost Trail Pass NADP site     $10,000

Snow Chemistry:   $15,000  funding support to USGS, $3000/year in personnel and logistical support
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Monture Guard Station IMPROVE site, Lolo National Forest.  This site is slightly influenced by emission sources in the Bitterroot valley, particularly Missoula.  This site houses 4 modules which pump air in 2@24 hour periods.  Filters are changed each Tuesday then sampled for a wide variety of chemical air quality constituents.  A visibility camera associated with the site is located at Ovando, Montana. 
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Areas in red denote Class I Wilderness Areas
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