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Introduction and Background

The Region 10 Soil Quality Standards were written in 1992 and have guided soil quality monitoring efforts for15 years on the Tongass National Forest. The Region 10 standards define detrimental displacement and detrimental surface erosion as areas at least 100 square feet in size.  (It should be noted under detrimental soil displacement that mixing of surface soils and organic humus or removal of small areas by scalping for planting purposes are not considered detrimental.) The Region 10 SQS did not define minimum size criteria for the remaining detrimental soil conditions including puddling, burned, compaction, altered wetness, and lack of ground cover.  
Landwehr (1993a) recognized the need to define minimum size criteria for all detrimental soil conditions to facilitate field monitoring of the Regional Soil Quality Standards. The Regional Soil Quality Standards reference Howes et. al. (1983) when designing soil monitoring projects.  Howes. et. al. used 1 foot as a minimum measurement unit in their examples.  Landwehr (1993a) suggested using 1 foot as a minimum measurement unit for the detrimental soil conditions with no defined minimum size requirement in the Region 10 Standards.
To date the Tongass National Forest has collected over 50 miles of soil disturbance transect data, typically within 1 to 2 years of following timber harvest.  Pre-harvest areas of exposed mineral soils are very low due to the presence of thick duff layers covering almost 100 percent of the forest floor, rocks, and downed trees. Because of these conditions the Tongass has collected very little soil disturbance data prior to harvest. Even on extremely steep, cliffy terrain, rock or mineral soil exposed is typically less than 2 percent of a stand prior to timber harvest (Landwehr 1993b). In natural conditions exposed mineral soil is rarely expressed outside of windthrown areas, landslide tracks, and streambanks.
Detrimental soil conditions defined in Landwehr’s interpretation of those standards suggests minimizing soil disturbance is best for maintaining soil productivity.  
Recent research has suggested that many soil disturbances may not be detrimental to soil productivity, and in some cases soil disturbances may be beneficial to soil productivity (Bormann et. al. 1995, Kramer 2000, Banner et. al. 2005).  Soil disturbance may prevent paludification (accumulation of thick layers of organic matter that effectively reduce soil drainage class) on some sites and prevent formation of cemented layers in the soil profile.

Anecdotal evidence collected during soil investigations in older second-growth stands suggests that many of the small soil disturbances may not be evident after 10 or more years, and even mid-size soil disturbances are not evident nor do they appear to be affecting canopy closure or stand growth.  

At this time the Tongass National Forest is beginning to identify our first commercial timber sales in second-growth stands. There is a need to understand the amount of soil disturbance incurred during past harvest and the duration of that soil disturbance on the landscape. The Tongass also needs to understand the impact of small soil disturbances on long-term soil productivity.  Continued application of Landwehr’s 1993a interpretation of minimum size limits for detrimental soil conditions may unnecessarily restrict harvest opportunities in older second-growth stands that received high level of light and moderate soil disturbance in the past.  Continued efforts to minimize soil disturbance may lead to a reduction in soil productivity through paludification processes (Banner et; al 2005).  If small soil disturbances are not evident 10 years after creation we must ask: Are those small disturbances detrimental to long-term soil productivity which is defined at the stand scale and larger and on the multiple harvest rotation (100 plus years) time scale? 
The soil scientists on the Tongass believe it is time to test the Tongass’ interpretation of the Region 10 Soil Quality Standards.  Are the very small soil disturbances currently documented as detrimental to soil productivity still evident after 10 years of soil and stand recovery?  Are small soil disturbances detrimental to desired plant growth? 

Purpose and Need

There is need to understand the fate of small soil disturbances and their impact on soil productivity.  If small soil disturbances are not evident 10 years after harvest, soil scientists on the Tongass suggest that these sites are not having a long-term negative impact on soil productivity (as measured by woody plant growth).  There is also a need to validate the assumption that small soil disturbances are not having an impact on long-term soil productivity.

Objectives

The first objective is to determine if small physical soil disturbances are still evident in harvest units after 10 years of tree growth and litter fall.  The outcome of this monitoring may result in a reasoned change to the Tongass’ interpretation of the minimum size criteria for detrimental soil conditions.  

The second objective to validate the assumption that small soil disturbances are not having an impact on long-term soil productivity is outside the scope of forest-level monitoring. 

Methods
To determine the fate of small soil disturbances in harvest units with more than 10 years of recovery we chose harvest units with relatively high levels of small soil disturbances documented more than 10 years ago.  The Tongass NF had this information stored in spreadsheets and summary reports, complete with transect maps for each harvest unit monitored. 

We chose units with relatively high levels of soil disturbance to improve the chances of random transects crossing areas of soil disturbance. Re-transecting harvest units with little or no soil disturbance would not have met our objective of determining if small soil disturbances are still evident after 10 years of recovery.  

Through the 1990s the Tongass conducted about 40 miles of soil disturbance transects (Landwehr and Nowacki, 1999).  Many of these transects are well documented in several soil quality monitoring reports (Landwehr 1992, 1993b, 1994, and 1997).  Many of the reports for individual units describe locations and extent of soil disturbance in harvest units. None of the transect locations were permanently monumented on the ground, but maps showing transect locations within harvest units are available.  Some of the harvest units were monitored prior to 1993 and before Region 10 Soil Quality Standards were written. Prior to 1993 soil disturbance monitoring used non-random transects and documented soil disturbances as small as 6 inches in size.  
For harvest units monitored after 1992 randomly located transects were used and documented on unit maps. During the summer of 2007 we attempted to replicate those transects in the field.  After 1992 the transects used a minimum size criteria of 12 inches.  Between 1993 and 1998 all soil disturbance transects documented Region 10 detrimental soil conditions a (as interpreted by Landwehr 1993a) and the mineral soil and rock exposures documented under the 89-94 KPC soil disturbance monitoring plan. 
For harvest units monitored prior to 1993 the original transects were completed on the contour.  To re-monitor those units we randomly located transects in the same areas where transects were originally completed on the contour.  Because the original transects were not permanently monumented they can not be repeated.  To accurately characterize the soil disturbance in the areas originally transected more than 10 years ago a similar number of transects were completed in similar locations.  
Due to different transect locations and changes to minimum size criteria for some units the data is not conducive to rigorous statistical analysis. To characterize the differences in soil disturbance after more than 10 years of soil and vegetation recovery the average soil disturbance for each harvest unit from 2007 was compared to the average soil disturbance for each harvest unit from 1993 and older data.  Narrative observations from the original transect data collection were compared with observations from the 2007 data collection.  To further reduce error and take advantage of experience the same soil acientist was present for the original data collection and the re-monitoring in 2007. 
Results 

In the summer of 2007 soil disturbance transects were completed in seven harvest units where relatively high levels of soil disturbance was documented in the early 1990s.  The units were harvested between 1990 and 1993. Table 1 displays the dates of the original transects, the mean soil disturbance, the dates of the re-monitoring and the mean soil disturbance.  Observations are discussed by harvest unit following Table 1. 
Table 1. Soil disturbance values for original soil disturbance monitoring and the re-monitoring for seven harvest units. 

	Unit number
	Date monitored
	Mean soil disturbance
	Date monitored
	Mean soil Disturbance

	
	
	
	
	

	577-110
	August 1990
	9%*
	June 2007
	1%

	577-103
	August 1990
	8%*
	June 2007
	1%

	533-108
	August 1991
	8.7%*
	June 2007
	11%

	620-117
	May 1991
	15%*
	October 2007
	0%

	594-103
	Sept. 1993
	9.3%
	August 2007
	1%

	620-123
	October 1993
	11.2%
	October 2007
	0%

	620-124
	October 1993
	0%**
	October 2007
	5%


* Mean values are for all mineral soil or rock exposed.  R-10 SQS were monitored starting in 1993. Soil disturbance values include very small disturbances down to about 6 inches in size. 
** Unit 620-124 was included in this sample because many small soil disturbances were documented in the original monitoring, however these small disturbances did not qualify as detrimental soil conditions. 

The data does not indicate a consistent reduction in soil disturbance over time.  Several observations help explain this phenomenon.  Those observations are discussed by harvest unit below. 
Table 2.  Unit narratives and soil disturbance observations for seven harvest units re-monitored for soil disturbance. 
	Unit 577-110 was logged in 1990.  Post harvest transects on the contour indicated that about 8.5% mineral soil or rock was exposed. The unit narrative from 1990 indicated that one small slide occurred and was related to yarding disturbance.  Two more small slides occurred in later years. The landslides were grass seeded shortly after occurrence and in June of 2007 the landslides had a grass cover with woody vegetation invading the grass areas. In 2007 we did not document these areas as detrimental soil conditions unless they met the definition of lack of ground cover.  The Region 10 SQS are unclear, when is a mass movement no longer considered detrimental to soil productivity?  We did not document the old landslides as detrimental even though the organic surface and organic enriched Bh horizons have been displaced to the bottom of the slope.  The perennial grasses are forming an organic surface and woody vegetation is invading these areas.

Deflection in unit 577-110 was not optimal because the backline was placed about 50 to 100 feet beyond the slope-break and it was a downhill yarding show. This condition led to soil disturbance at the break in slope. None of the transects in 1990 or 2007 crossed the slope break area.  In 2007 while walking between transects large areas of soil disturbance were encountered.  In these areas bedrock and a thin layer of dense till was exposed during the initial yarding and in 2007 these areas are still exposed mineral soil. The convex shoulder slope landscape position results in very little organic or fine mineral soil inputs to the site from adjacent slopes. Where bedrock and dense till were exposed those areas are slow to recover and still are detrimental soil conditions.  

Minor areas of soil erosion were noted at the headwalls of two of the small landslides.  Trees are invading smaller disturbed spots.  Small puddled areas in thicker poorly drained organic soils in the southern end of the unit will likely be revegetated with trees in the next decade. Unit 577-110 had deep till soils on the lower slopes. Recovery of surface organic matter and woody vegetation is occurring where dense till soils were disturbed enough that loose soil remained. Small areas of soil disturbance, less than about 25 square feet were not identified in 2007, unless they were associated with larger disturbances that have mostly recovered with vegetation. 

	Unit 577-103 was logged in 1989 and 1990 with a shovel. The unit is relatively flat with slopes less than 30% gradient. Post harvest transects in 1990 suggest that about 8 percent of the unit was disturbed. The deep, glacial till soils are similar to the Wadleigh and Nakwasina series. Ruts to compact till were noted in the narrative in 1990, many ruts were over 100 feet in length and actively eroding. Grass seed was applied to these areas to minimize erosion. 

The re-measure of unit 103 in 2007 found only about 1 percent of the unit with lack of ground cover or puddling.  Many introduced grass species were present.  The ruts in the organic soils are mostly sloughed-in and grassed over and were not as evident as in 1990.  The areas severely disturbed in 1990 were grassy and largely non-forested in 2007.  Trees are invading at a rate slower than adjacent, better drained areas.  Most of these areas were not noted as detrimental in 2007 due to adequate cover (Southeastern part of the unit). Ruts that were small in 1990 are no longer apparent. 

	Unit 533-108 was logged with downhill partial suspension cable yarding in 1989.  The steep slope area where transects were completed included sitka alder patches mixed with strips of timber.  Due to steep slopes and some avalanching the organic mat was only 2 inches thick prior to yarding.  Soil disturbance after yarding was visually appalling and soil disturbance averaged almost 9 percent of the area transected.  The soils are shallow to bedrock, similar to Tolstoi, Mosman, and Shakan soil series. 
Eight transects in 2007 found an average of 11% eroded areas or mass movement areas.  The exposed areas are actively eroding.  Prior to 2007 the area experienced high snow loads and runoff events.  In 2007 recent erosion in and adjacent to the avalanche areas was evident. Several transects in 2007 crossed these recently eroded spots, explaining the higher levels of detrimental soil conditions found in 2007 versus 1990. 

	The upper portion of unit 594-103 was helicopter logged in 1992.  The area consists of extremely steep slopes and small cliffs.  Only 9 transects were completed in 1993 due to hazardous walking conditions. All soil displacements noted resulted in exposed bedrock. Oblique air photos were used to validate that about 9% of the extremely steep slopes consisted of bare rock, due to cliffs and displaced McGilvery soils. McGilvery soils consist of less than 20 inches of well drained duff over bedrock. 

Eight transects were completed in 2007 and found an average of 1% displacement.   Apparently there was enough duff recovery on bedrock surfaces in the 15 years since timber harvest that fewer soil displacements were found in 2007. The exposed rock found immediately after timber harvest is either occupied by mosses within 15 years or the 2007 transects are not sampling the same areas.  R-10 SQS conditions were monitored in 1993 and 2007.  The soil conditions in this unit are similar to those in unit 620-117.  

	Unit 620-123 consists of a mountain backslope and footslope.  The unit was yarded downhill in 1990 with cable yarding systems with at least partial suspension. The original transects in 1991 found high amounts of soil disturbance, about 12% on 10 transects (Region 10 SQS were not measured at that time.)  In 2007 transects were located in the same landscape position and completed at random locations.  The ten 2007 transects documented no disturbance.  The soils are similar to the Tolstoi series on a south facing slope.  The original transects in this unit included high percentages of mineral soil exposed and some organic soil mixed with mineral soil.  

	Unit 620-124 was logged in 1991. It was an uphill cable logging system with partial suspension. The area monitored in 1993 and 2007 is an area of extremely steep slopes and small cliffs. Slopes in the area monitored range from 70 to 110 percent. Soils are dominantly Tolstoi with about 15% McGilvery in complex.  Eleven random transects were completed in 1993, and we attempted to complete the same transects again in 2007.  In 1993 many small soil disturbances were documented but none of them were deemed detrimental soil conditions. In 2007 one large soil displacement was noted at the break in slope. This area was apparently just upslope from the 1993 sample area. This large disturbance consists of exposed bedrock and dense subsoil.  There is very little recovery of surface organic matter or vegetation in the 16 years since timber harvest. The disturbance was caused by lack of log deflection at a break in slope below the road. Smaller soil disturbances were documented in 1993 but did not meet detrimental soil definitions. These smaller disturbances were not evident in 2007.  

	Unit 620-117 was logged in 1991 with a combination of uphill and downhill cable yarding systems achieving at least partial suspension and in many cases full suspension.  The landscape in the unit is a series of steep cliffy rock knobs with much naturally exposed bedrock.  Twelve transects completed in 1991 documented about 12 percent mineral soil and rock exposed. (Region 10 SQS were not yet written.)  

The 2007 transects in the same general vicinity as the 1991 transects documented no soil disturbance or exposed rock. Similar to unit 594-103 the exposed rock found immediately after timber harvest is either occupied by mosses, or there were a large number of very small disturbances noted in 1991 that were not documented in 2007, or our transects are not capturing the same areas.  


Discussion
For harvest units monitored prior to 1993 (577-110, 577-103, 533-108, and 620-117) the minimum size criteria for soil disturbance documented was smaller than for units monitored after 1992 (594-103, 620-124, 620-123).  This minimum size difference explains some of the difference in mean soil disturbance values documented pre-1993 and 2007. However based on the unit narrative and individual transect values, and the author’s personal experience in conducting the monitoring both pre-1993 and again in 2007, a substantial amount of vegetation and duff layer recovery has occurred and is occurring in these harvest units. Many small areas of soil disturbance are no longer visually evident after 15 years of recovery.  

Areas of soil disturbance in organic surface layers, and mineral soil areas where grass seeding was conducted shortly after the disturbance appear to be recovering well. In areas where grass seed was spread on organic soils the grass seed appears to be dominating the site (especially unit 577-103). This may not be desirable in the long-term. 
Small landslides in unit 577-110 were still evident in 2007 but because they had dense stands of grass and woody vegetation was invading the slides, they were not documented as detrimental soil conditions.  Exceptions were the slide headwalls where grass did not catch and mineral soil remained exposed and some erosion was occurring.  The landslides in unit 577-110 recovered well with grass seeding due to their small size and the abundance of fine texured, uncompacted soil materials present on these slides.  Dense till was exposed shortly after the slides occurred. The slides were small enough and deeply incised enough that fine textured soil materials from adjacent areas sloughed into the slide providing a nutrient rich soil for native plant growth. 
Units 594-103 and 620-117 were both extremely steep units with many small cliffs and rock outcrop.  Shallow well drained organic soils in these areas are inherently stable, but subject to displacement from felling and yarding activities on these rugged slopes.  In unit 594-103 displacement and lack of ground cover were noted following harvest but only one area of soil displacement was noted in the 2007 monitoring.  It is possible that transects in 2007 missed some areas but in both cases transects were randomly located and conducted with the same minimum soil disturbance size requirements. Some level of recovery may have occurred for the detrimental displacements noted in 1993. Without monumented transects we will not know for sure. 
Unit 533-108 and Unit 620-124 are exceptions in this monitoring. The large soil displacement present in unit 620-124 in 2007 was not documented in 1993, likely because it was just upslope from the area sampled in 1993. Unit 533-108 had a higher level of detrimental soil conditions documented in 2007 than the same area had in 1991.  In 2007 recent detrimentally eroded spots, mass movements and one lack of ground cover was noted.  Most of the detrimental soil conditions noted in 2007 were associated with eroded spots and spots of soil raveling in cobbly soils adjacent to avalanche areas.  Timber harvest adjacent to the small avalanche areas (also known as brushy slopes) may be allowing more snow to accumulate and the increased snow is causing the avalanche areas to increase in size during rapid snow melt periods or during snow/soil avalanche events.  In the case of the small avalanche areas in unit 533-108, rapid snowmelt following a well documented deep snow winter (2006-2007) appeared to be the cause of the increase in eroded spots and unraveling mass movements identified during the 2007 monitoring. 
The sites where detrimental soil conditions still exist 15 years after timber harvest (units 533-108, 620-124, and 577-110 off transects) have distinct characteristics that prevent natural recovery. The sites consist of cobbly soil and/or dense subsoil material or bedrock and the site is in a landscape position where the soil displacement does not receive fine soil material or organic matter from adjacent areas. Heavy rainfall, wildlife traffic, snow avalanching and/or snowmelt continue to disturb or scour the site, further impeding natural recovery.  Unlike the small landslides in deep till on the lower slopes in unit 577-110 a grass stand was established shortly after the slide occurred and the stand is able to trap fine sediments and seeds of woody plants and provide a seedbed for woody plant establishment.

On disturbed areas in organic soil or richer mineral soils, grass seed may have the opposite effect, retarding growth of woody plants by dominating the site.  Unit 577-103 provides an example of grass dominating a disturbed area, but it should be noted that timber was sparse in this area prior to timber harvest. Grass seeding did not occur on some small areas of organic soil puddling in unit 577-110 and 577-103 and natural woody vegetation is beginning to occupy these sites.  
During the 2007 monitoring small soil disturbances were rarely observed.  Finding very small soil disturbances after 15 years of recovery was much more difficult than immediately following timber harvest.  Soil disturbances as small as 25 square feet (5 feet by 5 feet) were identified and are attributed to harvest related soil disturbance.  In the 2007 monitoring only thirty-six feet out of 10,300 feet of soil disturbance transect were identified as lack of ground cover (small disturbances), but it was difficult to determine if these were a result of timber harvest or some natural event after timber harvest. In most cases we expect these areas will recover fully before the end of the rotation and we question the impact of these small soil disturbances on adjacent tree growth and productivity of woody vegetation in the stand.  The results of this monitoring suggest that most disturbances less than about 25 square feet are not detrimental to long–term soil productivity.  This results of this monitoring also suggests that large soil disturbances at least 100 square feet in size and in dense soil materials with no source of fines or organic matter are detrimental to woody plant growth for at least 15 years after timber harvest. 
Observations by the author on and adjacent to tractor skid trails in highly productive soils in 50 year old second-growth stands (Kosiusko Project Area) indicate that while no woody vegetation was found growing on the trails the trees growing in the topsoil berm adjacent to the trails were some of the largest trees in the stand. By age 50 canopy closure had occurred over the trail. Even though the skid trails are 12 feet wide and hundreds of feet long, air photos at the stand scale indicate no obvious change in stand growth over and adjacent to the trail. These observations suggest that productive soils may tolerate larger soil disturbances before a change in productivity is obvious.  Clearly more definitive monitoring and research is necessary to truly define detrimental soil conditions based on site characteristics.  
This monitoring indicates that many small soil disturbances, less than about 25 square feet in size are not detrimental to woody plant growth even on relatively poor soils. The Tongass’ interpretation of the minimum size requirements for detrimental puddling, lack of ground cover, burned areas, altered wetness, and compaction could be changed from 1 foot to 25 square feet with little risk of missing any detrimental soil conditions.  Where post harvest disturbance data is available, more time should be spent documenting detrimental soil conditions in older second-growth stands to determine which soil disturbance conditions are truly detrimental to woody plant growth. 
In 1994 the Tongass monitored soil disturbance on extremely steep slopes in five harvest units using low elevation oblique air photos. One of those units was 594-103.  There is an opportunity to repeat this monitoring and compare soil disturbance visible on air photos after 15 years of recovery. 

Key Points
In areas where detrimental soil conditions still exist 15 years after timber harvest the soil left in these areas consists of cobbly and/or dense subsoil material or bedrock and the site is in a landscape position where the exposed soil does not receive fine soil material or organic matter from adjacent areas. Heavy rainfall, wildlife traffic, snow avalanching and/or snowmelt continue to disturb or erode the site, preventing natural recovery.  On the small landslides in deep till on the lower slopes in unit 577-110 a grass stand was established shortly after the slide occurred and the grass stand was able to trap fine sediments and seeds of woody plants and provide a seedbed for woody plant establishment.
On disturbed areas in organic soil or richer mineral soils, grass seeding may retard growth of woody plants through grass stand dominance of the site.  In one area of unit 577-103 timber was sparse prior to timber harvest and soil disturbance. Grass seeding in this area has resulted in grass dominating the site. Some small areas of organic soil puddling were identified in unit 577-110 and these areas were not grass seeded and natural woody vegetation is beginning to occupy these sites.  

This monitoring indicates that many small soil disturbances, less than about 25 square feet in size are not detrimental to woody plant growth even on relatively poor soils. The Tongass’ interpretation of the minimum size requirements for detrimental puddling, lack of ground cover, burned areas, altered wetness, and compaction could be changed from 1 foot to 25 square feet with very little risk of missing any detrimental soil conditions.  
Recommendations

The Tongass should consider changing the minimum size requirements for all detrimental soil conditions to 25 square feet.  The Tongass should consider inherent soil productivity when determining if a soil disturbance is detrimental. Sites with deep, productive soils may be able to tolerate soil disturbances better than thin, dense soils.  
Where post harvest disturbance data is available, more time should be spent documenting soil conditions and stand growth in older second-growth stands to determine which soil disturbance conditions are truly detrimental to woody plant growth. 
Consider using more extensive use of low elevation oblique photographs to document soil disturbance after harvest and 10 or more years after harvest.  Lidar may be another option for monitoring stand growth and soil disturbances. 

Consider site characteristics when rehabilitating areas with introduced grasses. Grass seeding has been effective in rehabilitating severe soil disturbances. On small soil disturbances in rich organic soils, grass can dominate the site and limit woody vegetation establishment. 
Support research designed to validate the effects of soil conditions on tree growth. 
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Appendix A

Summary Spreadsheet
	        
	Prince of Wales Island Soil Quality Standards Transect Data
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	FY 2007
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Sale
	Unit #
	Unit Acres
	Harvest Date 
	Logging System
	Suspension
	Tansect date
	Transect number
	% Slope
	 % Pud
	Est. % Compac.
	% Disp
	%Eroded
	% Mass Movement
	% LGC
	Total
	Temp Road width
	Temp Road length
	Age stand
	Original Transect date
	Original disturb. estimate
	Original Number of transects
	Contour or random?

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	1
	47
	0
	0
	0
	0
	0
	6
	6
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	2
	58
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	3
	41
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	4
	58
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	5
	38
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	6
	43
	0
	0
	0
	0
	0
	6
	6
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	7
	52
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	8
	36
	2
	0
	0
	0
	0
	0
	2
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	9
	34
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	10
	38
	0
	0
	0
	0
	0
	0
	0
	
	
	
	Many small yarding disturbances in unit in 1990.

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	11
	55
	0
	0
	0
	0
	0
	0
	0
	
	
	
	Most small distrurbances not apparent in 2007

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	12
	39
	0
	0
	0
	0
	0
	0
	0
	
	
	
	3 small slides, 2 were post 1990 transects. 

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	13
	32
	0
	0
	0
	0
	0
	0
	0
	
	
	
	All slides seeded and vegetated, we did not document as 

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	14
	27
	0
	0
	0
	0
	0
	0
	0
	
	
	
	detrimental in 2007, should have?
	

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	15
	40
	0
	0
	0
	0
	0
	0
	0
	
	
	
	A couple of large displacements over dense till or bedrock are still

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	16
	33
	0
	0
	0
	0
	0
	0
	0
	
	
	
	displacements in 2007.  Some as small as 5' by 5'. 

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	17
	43
	0
	0
	0
	0
	0
	3
	3
	
	
	
	Some puddling in wet soils from yarding disturbance.

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	18
	46
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	19
	52
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	20
	35
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	21
	37
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	22
	34
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	23
	38
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	24
	36
	0
	0
	0
	0
	0
	0
	0
	
	
	16 years
	Aug.1990
	9% M+R
	19
	countour

	89-94 KPC EIS
	577-110
	73
	1990
	HI-lead
	Partial
	June 7, 2007
	25
	44
	3
	0
	0
	0
	0
	0
	3
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	41
	
	
	
	
	
	Ave.
	1
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	1
	22
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	2
	20
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	3
	21
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	4
	22
	0
	0
	0
	0
	0
	6
	6
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	5
	20
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	6
	24
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	7
	25
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	8
	15
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	9
	8
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	10
	10
	0
	0
	0
	0
	0
	0
	0
	
	
	
	The narrative for this unit indicates severe rutting from shovel 

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	11
	19
	0
	0
	0
	0
	0
	0
	0
	
	
	
	yarding. 
	
	
	

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	12
	5
	0
	0
	0
	0
	0
	0
	0
	
	
	
	Many ruts no longer visible in Wadleigh, and Nakwasina soils.

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	13
	13
	0
	0
	0
	0
	0
	0
	0
	
	
	
	Most ruts grass seeded. 
	

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	14
	17
	0
	0
	0
	0
	0
	0
	0
	
	
	
	Many introduced grasses present in stand. 

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	15
	20
	9
	0
	0
	0
	0
	0
	9
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	16
	14
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	17
	4
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	18
	8
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	19
	4
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	20
	11
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	21
	35
	0
	0
	0
	0
	0
	1
	1
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	22
	11
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	23
	16
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	24
	24
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	8% M+R
	17
	Contour

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	25
	30
	0
	0
	0
	0
	0
	5
	5
	
	
	16 years
	Aug 1990
	
	
	

	89-94 KPC EIS
	577-103
	130
	1989, 1990
	shovel
	Partial
	June 7, 2007
	26
	14
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	17
	
	
	
	
	
	Ave
	1
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	89-94 KPC EIS
	533-108
	74
	1991
	Hi-lead
	Partial
	June 8, 2007
	1
	32
	6
	0
	0
	0
	0
	0
	6
	
	
	
	Original 8 transects on contour in steep area.

	89-94 KPC EIS
	533-108
	74
	1991
	Hi-lead
	Partial
	June 8, 2007
	2
	80
	0
	0
	0
	0
	26
	0
	26
	
	
	
	Later randomly selected 4 transects for steep slope analysis.

	89-94 KPC EIS
	533-108
	74
	1991
	Hi-lead
	Partial
	June 8, 2007
	3
	85
	0
	0
	0
	0
	0
	9
	9
	
	
	
	new transects random, in same vicinity.

	89-94 KPC EIS
	533-108
	74
	1991
	Hi-lead
	Partial
	June 8, 2007
	4
	60
	0
	0
	0
	0
	0
	0
	0
	
	
	
	alder slopes and fresh erosion on shallow soils.

	89-94 KPC EIS
	533-108
	74
	1991
	Hi-lead
	Partial
	June 8, 2007
	5
	79
	0
	0
	0
	7
	0
	0
	7
	
	
	
	original transects averaged 84% slopes

	89-94 KPC EIS
	533-108
	74
	1991
	Hi-lead
	Partial
	June 8, 2007
	6
	69
	0
	0
	0
	0
	0
	0
	0
	
	
	
	New transects average 74% with one outlier.

	89-94 KPC EIS
	533-108
	74
	1991
	Hi-lead
	Partial
	June 8, 2007
	7
	90
	0
	0
	0
	0
	30
	0
	30
	
	
	
	
	10% M+R
	8/4
	contour/random.

	89-94 KPC EIS
	533-108
	74
	1991
	Hi-lead
	Partial
	June 8, 2007
	3b
	98
	0
	0
	0
	0
	0
	9
	9
	
	
	15 years
	Aug. 27, 1991
	8.7% R-10
	

	
	
	
	
	
	
	
	
	74
	
	
	
	
	
	Ave 
	11
	
	
	
	Actively eroding around brushfields. Thin Mineral soils.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Eroded areas eroded areas or mass Movement?

	89-94 KPC EIS
	594-103
	77
	1992
	Helicopter
	Full
	Aug 17, 2007
	9
	82
	0
	0
	0
	0
	0
	0
	0
	
	
	
	Original transects on much steeper slopes averaging 115%.

	89-94 KPC EIS
	594-103
	77
	1992
	Helicopter
	Full
	Aug 17, 2007
	8
	90
	0
	0
	0
	0
	0
	0
	0
	
	
	
	New transects average 69% slope

	89-94 KPC EIS
	594-103
	77
	1992
	Helicopter
	Full
	Aug 17, 2007
	7
	90
	0
	0
	0
	0
	0
	0
	0
	
	
	
	Original transects all in helicopter ground.

	89-94 KPC EIS
	594-103
	77
	1992
	Helicopter
	Full
	Aug 17, 2007
	6
	67
	0
	0
	0
	0
	0
	0
	0
	
	
	
	Not a good comparison.
	
	

	89-94 KPC EIS
	594-103
	77
	1992
	Helicopter
	Full
	Aug 17, 2007
	5
	54
	0
	0
	0
	0
	0
	0
	0
	
	
	
	Original disturabnce all cliffs, rock outcrops, McGilvery soils.

	89-94 KPC EIS
	594-103
	77
	1992
	Helicopter
	Full
	Aug 17, 2007
	3
	52
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	594-103
	77
	1992
	Helicopter
	Full
	Aug 17, 2007
	1
	58
	0
	0
	11
	0
	0
	0
	11
	
	
	15 years
	Sept. 10, 1993
	9.9% M+R
	9
	Random

	89-94 KPC EIS
	594-103
	77
	1992
	Helicopter
	Full
	Aug 17, 2007
	2
	57
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	9.3% R-10
	

	
	
	
	
	
	
	
	
	69
	
	
	
	
	
	Ave 
	1
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	89-94 KPC EIS
	620-123
	80
	1990
	cable
	partial
	Oct 25, 2007
	1
	77
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	620-123
	80
	1990
	cable
	partial
	Oct 25, 2007
	2
	68
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	620-123
	80
	1990
	cable
	partial
	Oct 25, 2007
	3
	69
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	620-123
	80
	1990
	cable
	partial
	Oct 25, 2007
	4
	58
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	620-123
	80
	1990
	cable
	partial
	Oct 25, 2007
	5
	65
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	620-123
	80
	1990
	cable
	partial
	Oct 25, 2007
	6
	86
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	620-123
	80
	1990
	cable
	partial
	Oct 25, 2007
	7
	61
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	620-123
	80
	1990
	cable
	partial
	Oct 25, 2007
	8
	64
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	620-123
	80
	1990
	cable
	partial
	Oct 25, 2007
	9
	69
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	620-123
	80
	1990
	cable
	partial
	Oct 25, 2007
	10
	56
	0
	0
	0
	0
	0
	0
	0
	
	
	17 years
	Oct.1993
	11.2% M+R
	10
	contour

	89-94 KPC EIS
	620-123
	80
	1990
	cable
	partial
	Oct 25, 2007
	11
	48
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	620-123
	80
	1990
	cable
	partial
	Oct 25, 2007
	12
	37
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	63
	
	
	
	
	
	Ave
	0
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	89-94 KPC EIS
	620-124
	55
	1991
	cable
	partial
	Oct 25, 2007
	1
	67
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	620-124
	55
	1991
	cable
	partial
	Oct 25, 2007
	2
	79
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	620-124
	55
	1991
	cable
	partial
	Oct 25, 2007
	3
	109
	0
	0
	0
	0
	0
	0
	0
	
	
	one large displacement (exposed bedrock)
	

	89-94 KPC EIS
	620-124
	55
	1991
	cable
	partial
	Oct 25, 2007
	4
	93
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	620-124
	55
	1991
	cable
	partial
	Oct 25, 2007
	5
	70
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	620-124
	55
	1991
	cable
	partial
	Oct 25, 2007
	6
	75
	0
	0
	51
	0
	0
	0
	51
	
	
	16 years
	Oct 17, 1993
	10% M+R
	11
	Random

	89-94 KPC EIS
	620-124
	55
	1991
	cable
	partial
	Oct 25, 2007
	7
	98
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	0% R-10
	
	

	89-94 KPC EIS
	620-124
	55
	1991
	cable
	partial
	Oct 25, 2007
	8
	95
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	620-124
	55
	1991
	cable
	partial
	Oct 25, 2007
	9
	73
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	620-124
	55
	1991
	cable
	partial
	Oct 25, 2007
	10
	69
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	620-124
	55
	1991
	cable
	partial
	Oct 25, 2007
	11
	74
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	82
	
	
	
	
	
	Ave
	5
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	89-94 KPC EIS
	620-117
	47
	1990
	cable
	partial
	Oct 26, 2007
	1
	60
	0
	0
	0
	0
	0
	0
	0
	
	
	
	Steep Cliffy unit with lots of McGilvery Soil

	89-94 KPC EIS
	620-117
	47
	1990
	cable
	partial
	Oct 26, 2007
	2
	76
	0
	0
	0
	0
	0
	0
	0
	
	
	
	Original disturbance was mostly rock exposures.

	89-94 KPC EIS
	620-117
	47
	1990
	cable
	partial
	Oct 26, 2007
	3
	111
	0
	0
	0
	0
	0
	0
	0
	
	
	
	Some rock Exposures still present but smaller than 100 Sq Ft.

	89-94 KPC EIS
	620-117
	47
	1990
	cable
	partial
	Oct 26, 2007
	4
	66
	0
	0
	0
	0
	0
	0
	0
	
	
	
	Either transects missed original exposures or they are mossed over

	89-94 KPC EIS
	620-117
	47
	1990
	cable
	partial
	Oct 26, 2007
	5
	42
	0
	0
	0
	0
	0
	0
	0
	
	
	
	Did not see big areas of exposed rock except vertical areas.

	89-94 KPC EIS
	620-117
	47
	1990
	cable
	partial
	Oct 26, 2007
	6
	55
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	620-117
	47
	1990
	cable
	partial
	Oct 26, 2007
	7
	77
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	89-94 KPC EIS
	620-117
	47
	1990
	cable
	partial
	Oct 26, 2007
	8
	22
	0
	0
	0
	0
	0
	0
	0
	
	
	17 years
	May 8, 1991
	15% M+R
	9
	Contour

	89-94 KPC EIS
	620-117
	47
	1990
	cable
	partial
	Oct 26, 2007
	9
	31
	0
	0
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	60
	
	
	
	
	
	Ave
	0
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