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 HFI-FUELS REDUCTION 2003
1. Purpose.

The purpose of this report is to describe existing conditions within the HFI-Fuels Reduction 2003 treatment areas and to assess how alternative treatments would address the Purpose and Need stated in the Environmental Analysis.

2. Background

The Huron National Forest is located in the northeastern quarter of the Lower Michigan peninsula. The current landscape was formed during recession of glaciers during the last ice age and the surrounding Great Lakes have a profound influence on the climate. The natural vegetation falls in Fire Regime 2 and currently is in condition class 3 exceeding natural fire occurrence in most areas by one full cycle. This fire regime occurs extensively on Land Type Associations 1 and 2. Fire has been an integral component of the environment, and coupled with dry, sandy soils, and short growing seasons, the resulting vegetation has created a niche for an endangered songbird known as the Kirtland’s Warbler. The historic frequency of catastrophic stand-replacing fires is 28 years (Simard, et.al; 1983). The rustic environment has also attracted large numbers of people from urban areas who have built summer homes and retirement homes on private land interspersed throughout the forest. This has resulted in an extensive wildland urban interface. 

General Land Office Surveys from 1816 through 1856 indicate that the west side of the Huron National Forest was predominantly forested by jack pine, a fire-adapted species. Jack pine cones are mostly serotinous, requiring heat to open them for seed dispersal. Many wildland fires have burned this area over the last 100 years on the sandy soils predominant in Iosco, Alcona, and Oscoda counties. These jack pine areas have the potential for catastrophic fire occurrences, and are nationally recognized as one of the most volatile and dangerous fuel types occurring in the United States.  

FireFamily Plus was used to generate an analysis of fire occurrence for the Tawas Ranger District, which encompasses virtually the entire geographic area represented in the four treatment areas, and for the Huron National Forest. This analysis covered the years 1970 through 2002, a 33-year period. See appendix B for a graphical analysis comparison.

The Huron-Manistee National Forests have the highest fire occurrence rates in Michigan, and consistently rank among the top three forests in the Eastern Region.  That portion of the Huron Forest in which these proposed fuels treatment areas are located recorded nearly half (47%) of all fires in the past 33 years. Aggressive suppression efforts facilitated by good road access and excellent support from local fire departments resulted in keeping most fire sizes to less than 10 acres.

The following table displays fire occurrence data for The Huron National Forest and for The Tawas Ranger District during the past 33 years:

Table 1: Fire Occurrence on Huron NF and Tawas RD (1970-2002)

	HURON National Forest
	 
	 

	SIZE CLASS
	TOTAL # OF FIRES
	PERCENT OF FIRES

	Spot –0.25 acres    A
	303
	29.4

	0.26-9.9 acres    B
	587
	56.9

	10-99.9 acres    C
	116
	11.2

	100-299.9 acres    D
	14
	1.4

	300-999.9 acres    E
	8
	0.8

	1000—4999.9 acres    F
	2
	0.2

	5000+ acres    G
	2
	0.2

	TOTAL
	1032
	100.0

	
	
	

	TAWAS Ranger District (Iosco County)
	 

	SIZE CLASS
	TOTAL # OF FIRES
	PERCENT OF FIRES

	Spot –0.25 acres    A
	123
	25.3

	0.26-9.9 acres    B
	302
	62.0

	10-99.9 acres    C
	54
	11.1

	100-299.9 acres    D
	6
	1.2

	300-999.9 acres    E
	1
	0.2

	1000—4999.9 acres    F
	1
	0.2

	5000+ acres    G
	0
	0.0

	TOTAL
	487
	100.0


Statistical fire causes are overwhelmingly due to human factors, again reflecting the influence of wildland urban interface. Eighty percent of human caused fires originate on the forest and 20 percent spread from private land onto the Huron National Forest. While the numbers of fires by statistical cause within the treatment areas mirrors those of the rest of the forest, the proportion of acres differs. This is primarily due to the 24,490 acre Mack Lake fire (located west of the project area) being placed in the “other” category (escaped prescribed burn), and the 2022 acre River Road fire that is within the project area being placed in the “equipment” category. 

See the table below for a comparison of fires by statistical cause.

Table 2: Statistical Causes of Fires on the Huron NF and Tawas RD (1970-2002)

	HURON National Forest
	
	

	STATISTICAL CAUSE
	TOTAL # OF FIRES
	PERCENT OF FIRES
	Total Acres by Statistical Cause

	Lightning    1
	48
	5
	3889

	Equipment    2
	67
	6
	2590

	Camp Fire    3
	92
	9
	957

	Warming Fire    4
	200
	19
	8384

	Debris Burning    5
	194
	19
	1082

	Railroad    6
	4
	0.4
	33

	Arson    7
	140
	14
	1366

	Children    8
	70
	7
	319

	Other    9
	217
	21
	26567

	TOTAL
	1032
	100
	45187

	
	
	
	

	TAWAS Ranger District (Iosco County)
	

	STATISTICAL CAUSE
	TOTAL # OF FIRES
	PERCENT OF FIRES
	Total Acres by Statistical Cause

	Lightning    1
	12
	2
	152

	Equipment    2
	28
	6
	2741

	Camp Fire    3
	36
	7
	454

	Warming Fire    4
	104
	21
	721

	Debris Burning    5
	91
	19
	733

	Railroad    6
	4
	1
	33

	Arson    7
	57
	12
	309

	Children    8
	29
	6
	53

	Other    9
	126
	26
	619

	TOTAL
	487
	100
	5815


3. Proposed Action and Alternatives

There are four separate fuels reduction treatment areas proposed with differing degrees of hazard involved. Each of the four could suffer a catastrophic event similar to the Mack Lake Fire of 1980 leading to property damage and with a high potential for loss of life. The primary emphasis is to modify and maintain the fuels configuration adjacent to the Wildland Urban Interface so fires similar to the 1911 fire which destroyed most of the structures in Oscoda, and the Mack Lake fire which destroyed 44 structures, from re-occurring. 

By modifying the vegetation structure, amount and continuity, the fire behavior could be changed from the potential of an independent running crown fire to a surface fire. A surface fire would have shorter flame lengths and slower rates of spread thereby allowing safe direct attack by suppression forces. Direct attack could allow for safe protection of adjacent structures and resource values.

The four treatment areas are:

· High School Additional

· Sand Lake Fuels II

· Red Keg Additional

· Pine River Fuel Break

Alternative 1, Proposed Action                                                          


High School Additional Treatment Area.  T23N, R9E, section 4, 5 and 9, (see Appendix 1, for treatment area map).  This proposed activity would expand the fuelbreaks that were created in 1997 resulting from the Oscoda/Au Sable Fuel Reduction Project.   The Fuels Reduction 02 decision signed August 28, 2002, approved the partial completion of this project.  The EA considers treating an additional 132 acres by extending the Grass Lake fuel break south from the ORV/ATV Trailhead to Old US-23 on both sides of Grass Lake Road, in order to create a fuelbreak for fires running north and east from ignitions in the south half of section 5 and to create defensible space to the east, should spotting occur across the road.  The existing fuelbreaks south of the Silver Sands subdivision and west of the industrial park would be extended to 500 feet from its existing 150-200 foot width.  Also, these two areas would be connected with a continuous fuelbreak adjacent to private and industrial park properties in the western portions of sections 4 and 9.  Treatment would involve thinning the area through the use of a timber sale, allowing commercial harvest of merchantable and sub-merchantable jack pine.  Approximately 0.50 miles of temporary road would be necessary to complete the treatment and then be obliterated.  Approximately 132 acres will be treated.

After completion of the harvest activity the entire treatment area would be maintained mechanically by mowing. The frequency of maintenance intervals would be approximately every 7 years, dependent on the establishment and vigor of the new growth.

Sand Lake Fuels II Treatment Area.    The treatment area is located in T22N, R6E, sections 3, 10 and 15, to the south and west of Sand Lake and adjacent to Indian Lake and Old State Roads, (see Appendix 3, for treatment area map).  Treatment would include thinning the area through the use of a timber sale, allowing commercial harvest of both merchantable and sub-merchantable jack pine and red pine, south and west of Indian Lake Road and the Grant Township fire hall property.  For 350 to 400 feet immediately adjacent to roads, this thinning would result in removal of all jack pine and most of the smaller diameter red pine.  Most oaks and larger red and white pine would be retained to maintain the area in a savannah type.  All existing roads would remain open.  However, approximately 0.25 miles of temporary road would be necessary to complete the treatment and then be obliterated. The entire treatment area would encompass approximately 192 acres.  

The area would be maintained in an open state mechanically through mowing.  The frequency of maintenance intervals will be approximately every 7 years; dependent on the establishment and vigor of the new growth.  

Red Keg Additional Treatment Area.  This area is located in T25N, R5E, sections 4 & 5, north of the Brodieville subdivision in the Curtisville area (see Appendix 2, for treatment area map).  Treatment will involve thinning the area (approximately 70 acres), through the use of a timber sale, allowing commercial harvest of merchantable and sub-merchantable jack pine.  Larger oak, red and white pine as well as some aspen will be left for wildlife diversity. Approximately 0.25 miles of temporary road would be necessary to complete the treatment and then be obliterated.  The area is adjacent to an existing 9-acre wildlife opening. 

The entire 79 acres would be managed by prescribed fire and/or mechanically through mowing on a regular interval to maintain the area in an open condition. The frequency of maintenance intervals would be approximately every 7 years, dependent on the establishment and vigor of the new growth.   
Pine River Fuelbreak Treatment Area.  This area is located in T24N, R7E, sections 5 and 8; and T25N, R7E, section 32, (see Appendix 4, for treatment area map).  Treatment would involve straightening the western edge of an existing 291 acre shaded fuelbreak through the use of a timber sale, allowing spacing of the existing canopy trees to be reduced and mowing of the understory dense jack pine seedlings. This would result in removing all but the largest trees to create a sparsely stocked oak stand with a few super canopy red pine interspersed.  The remaining trees would be well spaced at about 50-75 feet apart. In addition, on approximately 30 acres of densely mixed jack pine/red pine and oak, the area would be harvested through the use of a timber sale, allowing commercial harvest of merchantable and sub-merchantable jack pine and red pine.  Larger size red pine and oak trees would remain well spaced on site.  All existing roads would remain open, but approximately 1.0 mile of temporary roads would be necessary to complete the project would then be obliterated.   Approximately 321 acres would be treated in this project proposal area. 

The entire treatment area would be maintained through the use of prescribed fire and/or mechanical means, and would be managed as an open, park-like savannah. The frequency of maintenance intervals will be approximately every 7 years, dependent on the establishment and vigor of the new growth. 

Alternative 2, Non Commercial Treatment____________________
This alternative is essentially the same as the Proposed Action, except that unwanted vegetation would be cut or pushed over and piled for later burning rather than being utilized through the use of a commercial timber sale.  This work would have to be contracted out.
Alternative 3, No Action __________________________________

The National Environmental Policy Act (NEPA) requires the Forest Service to consider and analyze the effects of a “No Action” alternative for each project.  The No Action alternative would result in no fuels reduction work being carried out on any of the proposed treatment areas at this time. The treatment areas would remain in dense young jack pine adjacent to improvements and highly susceptible to independent running crown fires due to man-caused starts, as discussed in Section 2 of this document.   

4. Analysis Methods

Fire behavior projections were run using Behave Plus for single fuel model runs and Behave for the two-model runs. Fire behavior data for the Mack Lake crown fire is from the Mack Lake Fire Report (GTR NC-83).

4.1 Fuel Models

Fuels have been classified into four groups – grasses, brush, timber, and slash. The differences in fire behavior among these groups are basically related to the fuel load and its distribution among the particle size classes. Fuel load and depth are significant fuel properties for predicting whether a fire will be ignited, its rate of spread, and its intensity (Anderson, 1982).

Fire Behavior Fuel Models common to the Huron National Forest include models 1, 2, 4, 8, and 9. The proposed treatment areas are comprised primarily of fuel model 4 with lesser components of fuel model 2. Models 8 and 9 are not represented in the proposed treatment areas.

Fuel Model 1 – Fire spread is governed by the fine, very porous, and continuous herbaceous fuels that have cured, or are nearly cured. Fires are surface fires that move rapidly through the cured grass and associated material. Very little shrub or timber is present. Grasslands and savannahs, along with stubble, grass-tundra, and grass-shrub combinations, represent this model. Annual and perennial grasses are included in this model, and total fuel loadings are approximately 2.5 tons per acre.  

Fuel Model 2 – Fire spread is primarily through the fine herbaceous fuels, either curing or dead. These are surface fires where the herbaceous material, in addition to litter and dead-down stemwood from the open shrub or timber overstory, contribute to the fire intensity. Open shrublands and pine stands or scrub oak stands that cover one-third to two-thirds of the area may generally fit this model; such stands may include clumps of fuels that generate higher intensities and that may produce firebrands. Fuel loading typically is about 7.5 tons per acre with approximately half of this comprised of less than 3-inch diameter material.

Fuel Model 4 – Fire intensity and fast-spreading fires involve the foliage and live and dead fine woody material in the crowns of a nearly continuous secondary overstory. Stands of mature shrubs, 6 or more feet tall, such as California mixed chaparral, the high pocosin along the east coast, the pine barrens of New Jersey, or the closed jack pine stands of the north-central states are typical candidates. Besides flammable foliage, dead woody material in the stands significantly contributes to the fire intensity. Height of stands qualifying for this model depends on local conditions. Fuel loading is typically 29 tons per acre.

4.2 Weather

Weather inputs for fire behavior runs were taken from the local forest weather station at Mio, Michigan using 90th percentile weather. Fire season weather observations are available for the period 1964 through 2002. Prevailing westerly winds result in fires spreading to the east, although onshore winds often reverse this scenario near Lake Huron. All proposed treatment areas are within this lake-influence zone.

5. Analysis of Individual Treatment Areas

The treatment areas are each discussed below in terms of current condition and desired result. The tables following each treatment area discussion depict: (1) expected behavior from an independent running crown fire, (2) expected behavior of a surface fire resulting from a no action alternative on an average fire day, and (3) expected behavior of a surface fire in the treatment area following the proposed action. The proposed action would reduce the intensity and rate of spread of any fire originating in or burning into the treatment areas, thereby allowing direct suppression activities and providing for greater margins of firefighter safety. Smoke emissions are of a temporary duration, and have seldom been an issue in the Great Lakes regions due to absence of topographic features and generally good atmospheric dispersal

High School Additional:

The High School Additional treatment area ties in with previous efforts to separate the Oscoda High School from nearby flammable fuels. The currently existing fuel break allowed suppression forces to control a threatening wildfire in 1998. However, intense heat along the adjacent Grass Lake road jeopardized firefighter safety during structure protection, and planning was begun to enhance the fuel break to reduce nearby fire intensities. This treatment area would be expanded to also provide protection and defensible space for the adjacent Silver Sands subdivision and industrial park The resulting fuel break would add a 500 foot strip on the west side of Grass Lake road south to Old US 23, and an additional 500 foot strip on the east side of Grass Lake road from Old US 23 north to private land. Then the 500 foot wide fuel break would extend east, south, east, and south along the private property lines to provide additional defensible space.  Stands to be treated consist of small, moderately dense jack pine pole timber approximately 20 to 25 feet tall and averaging approximately 5 inches diameter breast height. Fire Behavior Fuel Model 4 best represents this fuel type. Lesser vegetation consists of native grasses, blueberry, huckleberry, wintergreen, and bracken fern. Ladder fuels are composed of limby, young jack pine and fuel loadings approximate 20 to 30 tons/acre. 

Removing the jack pine component from this treatment area would alter the Fire Behavior Fuel Model characteristics, more closely resembling a fuel model 1. Treatment would result in a semi-open, park like setting comprised of scattered oaks and pine with a grass understory. 

It would be equally important to maintain this fuel break in a predominantly treeless condition. 

Maintenance by mechanical means could accomplish the desired maintenance result. Prescribed burning would require careful planning to ensure a cool burn to remove thatch build-ups of the lesser vegetation. 

The table below compares fire behavior parameters between leaving the area in its existing condition and changing the fuel model from 4 to 1.

Table 3. Comparison of Key Fire Behavior Parameters (High School Additional)

	Fuel Model
	Rate of Spread (ch/hr)
	Fireline Intensity (Btu/ft/s)
	Flame Length (ft)
	Fire Growth (ac/hr)
	Spotting Distance (mi)

	Mack Lake  Fire (worst case scenario for no action)
	168
	8800
	100+
	~4500
	0.25

	FM 4 (no action/ average fire day)
	114
	5097
	23
	379
	0.6

	FM 1  (proposed action and Alternative 2)
	65
	70
	3
	153
	0.2


Sand Lake Fuels II:

This treatment area is characterized by oak and jack pine stands typical of Fire Regime 1. Numerous summer homes and yearlong residences are immediately adjacent to the proposed treatment area. Vegetation north of Old State road consists primarily of young jack pine saplings beneath an overstory of mixed oaks. Some underplanted red pines exist in a portion of this area. There are several small depressions with a high water table in this portion of the proposed treatment area. These depressions contain scattered jack pine and clumps of aspen with lesser vegetation consisting of leatherleaf, laurel and dewberry. Lesser vegetation on the rest of the northern portion consists of sedge, blueberry, huckleberry, reindeer lichen, and bracken fern. There is also a highly disturbed old borrow pit within this area showing many badly eroded patches of bare sand. The pit area appears to be used for off road recreation. Estimated fuel loading ranges from 15 to 30 tons/acre and Fuel Model 4 best typifies this portion of the Sand lake treatment area area.

Mature jack pine poletimber dominates the area south of Old State road. These stands also contain scattered mixed oaks and some larger red pine trees mixed with an understory of pine and oak saplings. Ground vegetation consists of sedge, blueberry, huckleberry, reindeer lichen, wintergreen, rice grass and sweet fern. Fuel loading is an estimated 30 tons/acre, ladder fuels are abundant, and Fuel Model 4 best typifies the area.

The proposed treatment would remove the jack pine and smaller diameter red pine along with some of the oaks in a commercial timber sale changing the Fuel Model from 4 to 2. This action would reduce intensity and rate of spread of fires burning into the area, thereby increasing effective suppression efforts and providing for firefighter safety. 

Mechanical maintenance on a recurring cycle could keep encroaching vegetation at a manageable level. Prescribed burning would require careful planning to ensure a cool burn to remove thatch build-ups of the lesser vegetation. 

The table below compares fire behavior parameters between leaving the area in its existing condition and changing the fuel model from 4 to Fuel Model 2.

Table 4. Comparison of Key Fire Behavior Parameters (Sand Lake Fuels II)

	Fuel Model
	Rate of Spread (ch/hr)
	Fire line Intensity (Btu/ft/s)
	Flame Length (ft)
	Fire Growth (ac/hr)
	Spotting Distance (mi)

	Mack Lake Crown Fire Mack Lake  Fire (worst case scenario for no action)
	168
	8800
	100+
	~4500
	0.25

	FM 4 (no action/ average fire day)
	114
	5097
	23
	379
	0.6

	FM 2 (proposed action and Alternative 2) 
	39-51
	303-426
	6-7
	53-90
	0.2


Red Keg Additional:

This proposed treatment area involves the removal of jack pine and red pine fuels north of the Brodieville subdivision in the Curtisville community area. Larger oak trees, and the occasional super-canopy red pines would be retained for wildlife and visual resource purposes, so the fire behavior in the resulting stand would best be represented by a combined fuel model consisting of approximately 60% fuel model 1 and 40% fuel model 2. 

The stand to be treated currently consists of dense 30-year old jack pine pole timber 4 to 8 inches diameter at breast height with an understory of scattered oak and cherry. Lesser vegetation consists of Juneberry, hawthorn, blueberry, moss, sweet fern, and orange hawkweed.  Fire Behavior Fuel Model 4 best represents this area, and under typical spring fire season conditions could result in a running crown fire within 10 minutes of ignition. A red pine stand thinned in 1991 separates this treatment area from the Brodieville subdivision, and native grass openings on the west and east ends of the stand would provide additional defensible space through lessened fire behavior. There are abundant ladder fuels and fuel loadings approximate 30 tons/acre. 

Maintenance by prescribed burning could keep encroaching vegetation at a manageable level. Prescribed burning would require careful planning to ensure a cool burn to remove thatch build-ups of the lesser vegetation. 

The table below compares fire behavior parameters between leaving the area in its existing condition and changing the fuel model from 4 to a mixed model of 60%model 1 and 40% model 2.

Table 5: Comparison of Key Fire Behavior Parameters (Red Keg Additional)

	Fuel Model
	Rate of Spread (ch/hr)
	Fire line Intensity (Btu/ft/s)
	Flame Length (ft)
	Fire Growth (ac/hr)
	Spotting Distance (mi)

	Mack Lake  Fire (worst case scenario for no action)
	168
	8800
	100+
	~4500
	0.25

	FM 4 (no action/ average fire day)
	114
	5097
	23
	379
	0.6

	Mixed FM 1&2 (proposed action and Alternative 2) 
	28-90
	37-1054
	2-11
	36-292
	0.1


Pine River Fuel Break:

The Pine River fuel break treatment area is intended to expand and maintain an existing narrow fuel break in the Pine River Kirtland’s Warbler Habitat Management Area to enhance effective fire suppression. This area is characterized by extensive stands of jack pine managed on a 50-year rotation. At any one time 20% of the area would be in each of the 5 age classes to provide a nesting and foraging habitat for the endangered Kirtland’s Warbler. 

Fuel Model 4 best represents stand conditions through the first four decades of management with a gradual shift toward Fuel Model 2 in the latter stages. Stated another way, 80% of the Kirtland’s Warbler Management Area would be characterized by Fuel Model 4 at any given time. 

Wildland Urban interface exists near the southeast corner of the treatment area area, and given that onshore winds often affect this area, the Bryant subdivision northwest of the treatment area could be jeopardized. The area to be treated consists of dense jack and red pine saplings 10 to 17 feet tall, interspersed with larger black oak trees. Ladder fuels are abundant and lesser vegetation consists of blueberry, sedges, bearberry, some sweet fern and, in places, some reindeer lichen. Current fuel loading is estimated at 20 to 30 tons/acre.

The proposed treatment would be a commercial thinning that removes jack and red pine trees along with most of the oak leaving a sparse oak stand (8 to 17 oak trees per acre). This would change the fuel model from 4 to 2 and reduce the fuel loading to an estimated 5 to 9 tons/acre.

 Maintenance either by prescribed burning or mechanical means could accomplish the desired maintenance result.  Prescribed burning would require careful planning to ensure a cool burn to remove thatch build-ups of the lesser vegetation. 

The table below depicts various fire behavior parameters that would be achieved:

Table 6. Comparison of Key Fire Behavior Parameters (Pine River)

	Fuel Model
	Rate of Spread (ch/hr)
	Fire line Intensity (Btu/ft/s)
	Flame Length (ft)
	Fire Growth (ac/hr)
	Spotting Distance (mi)

	Mack Lake  Fire (worst case scenario for no action)
	168
	8800
	100+
	~4500
	0.25

	FM 4 (no action/ average fire day)
	114
	5097
	23
	379
	0.6

	FM 2 (proposed action and Alternative 2)
	39-51
	303-426
	6-7
	53-90
	0.2


6. Conclusions

The proposed action applied on each of the treatment areas would remove ladder fuels and the existing continuous forest canopy. This would result in a surface fire with reduced flame lengths and rates of spread. Approaching crown fires would become surface fires within the treatment areas. The shorter flame lengths and reduced spread rates would allow for direct attack by suppression forces on an average fire day. The commercial harvest of forest products would return money to the treasury, thereby reducing the net cost of treatment.

Alternative 2 could provide similar benefits at a higher cost and during a longer time period (see economics report). No money would be returned to the treasury, and the time period to reach the desired condition would be longer as fuel loading would remain high until piled material could be burned. Burning of piled material would require careful planning and would be difficult to accomplish because satisfactory burning conditions would exist for a limited number of days each year.

The no-action alternative would change none of the fire behavior characteristics on the proposed treatment areas. Intensity and rates of spread would be weather-dependent on any given fire day. On an average fire day, only indirect attack could be attempted safely by fire suppression forces and running crown fires could occur given low fuel moisture values. Firefighter safety and property would be especially at risk from running crown fires during the spring season when weather and low fuel moistures provide the greatest likelihood of extreme and severe fire behavior.

Table 7: Summary of Key Fire Behavior Parameters (all treatment areas)

	Treatment Scenario
	Rate of Spread (ch/hr)
	Fire line Intensity (Btu/ft/s)
	Flame Length (ft)
	Fire Growth (ac/hr)
	Spotting Distance (mi)

	Mack Lake  Fire (worst case scenario for no action)
	168
	8800
	100+
	~4500
	0.25

	No action on an average fire day
	114
	5097
	23
	379
	0.6

	Proposed action and Alternative 2 on an average fire day
	28-73
	37-707
	6-7 

(2-9 for Red Keg)
	36-193


	0.2


Richard O. Lord

Fuels Specialist
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