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(Abstract)

This purpose of this study was to assess ground disturbance from harvesting
hardwood stands with conventional rubber-tired skidders on slopes greater than 30
percent in Virginia. Special emphasis was placed on erosion, compaction and soil
movement. Ten randomly selected study areas were clear-cut between September 1988
and August 1989; measurements followed between March 1989 and August 1989.
Potential erosion was estimated using the Universal Soil Loss Equation and soil
mechanical strength was measured with a cone penetrometer. Volumes of soil
movement resulting from skid trails, landings, and waterbars were measured. Circular
plots were used to estimate the percentage of each tract in seven disturbance classes.
Descriptive data documented during the study includes land ownership, precipitation
records, soil survey information, equipment (make, model, tire size), and volume of the

products removed during harvesting.

Results show a relatively small amount of soil disturbance associated with
harvesting these tracts. Erosion estimates for seven of the ten tracts were below 1.08
tons/acre/year and only one was greater than 3.0 tons/acre/year. The erosion potential
for these areas will decrease with time as vegetation increases. The primary source of
ground disturbance within the harvested areas was due to skid trails, which occupied 3
to 10 percent of the ground surface. Tracts using overland skid trails experienced far
less disturbance than those with bladed skid trails. Following harvest, the undisturbed
area ranged from 73 to 81 percent on the ten study tracts.

Scheduling practices, tract layout, and tract closure techniques concentrated in
high risk spots, can greatly reduce the impact of harvesting steep slopes.

Abstract
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Introduction

Over the past decade the source of wood supply for central and western Virginia
has been shifting from convenient, gently sloping terrain toward less accessible, steeper
terrain. Areas having average slopes greater than 30 percent are now accounting for a
larger share of the available timber supply for some mills. This move to steeper slopes,
combined with an increasing public concern for water quality and aesthetics of forested
areas, poses a potential obstacle for many wood-using industries with a land and timber-

supply base in the Appalachian region.

The Appalachian mountain region is a key component of the water supply
system for much of the eastern United States. Rivers and streams which serve many of
the metropolitan areas from Boston, Massachusetts to Savannah, Georgia originate in
this region. Recreation areas in the Appalachians serve more than half the U.S.
population. For these reasons, water quality and aesthetics in the Appalachians are
major focal points of public concern. Commercial sawmills, pulp mills, and other
specialty industries constitute a large percent of the small, rural economy in this area.
The public will not tolerate deforestation to the extent of that in the late 1800's; at the
same time, recreation and aesthetics alone will not support a healthy and diverse

economy in the Appalachian region.

In order to successfully address public concern in these areas, forest industry
must develop and demonstrate methods for logging steep areas which minimize real or
perceived detrimental harvesting effects. These include minimizing stream
sedimentation, soil compaction on landings and skid trails, soil moved in earthworks,

and post harvest soil erosion. The public will not ignore careless harvesting practices.
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Constraints in the form of regulations, environmental impact statements, best
management practices (BMP's), and other challenges to timber production provide
means for expressing their opinions. Although facts are seldom a defense against
emotion, a more complete understanding of the impacts of conventional harvesting
system operation on steep slopes can provide a basis for explanation, response, and

planning.

Some soil disturbance is inherent in timber harvesting, regardless of the method
used for in-woods transport. Investigations concerned with site degradation have
shown that site damage can be reduced by job planning, equipment selection, operation
execution, and post-harvest site treatment. Generally, these studies have been
associated with coastal plain, piedmont and west coast operations. Relatively few have
dealt with current harvesting systems in the Appalachians, particularly rubber-tired

skidding systems.

This study was an initial step for documenting site impacts of harvesting on
steep slopes and providing a basis for developing strategies directed at further reduction
of the detrimental aspects of operating on these areas. The objectives of this study

were:

a) to document the form and extent of soil disturbance and compaction
associated with conventional timber harvesting operations on steep

slopes in Virginia;

b) to identify this disturbance and compaction with speéific forms of

causality in planning, operation, and closure; and
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¢) to make recommendations for reducing these impacts with emphasis

on minimizing the effects of future operations.

Financial assistance was in part provided by the U.S. Forest Service,
Engineering Research Unit at Auburn, Alabama. Assistance in locating study sites and
developing field procedures was provided by an advisory group from industry and the
public sector. This group included representatives from Westvaco Corporation,
Georgia-Pacific Corporation, Nekoosa Packaging Division of Great Northern Nekoosa

Corporation, and the U.S. Forest Service, Jefferson National Forest.
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Literature Review

The forests in the Appalachian region are diverse in geology, species
composition, soil type, accessibility, and economic importance. One characteristic
common to all areas is slope. Slope complicates harvesting by decreasing both crew and
machine productivity, increasing erosion risk, and requiring special care in road
construction, landing construction, and harvesting applications. Rummer and Sirois
(1984) estimated that the productivity of conventional harvesting systems decreased
noticeably on slopes greater than 20 percent. Crew performance on 70 percent slopes
was reduced to one third of that on level ground. There is an increase in safety hazards
which accompanies the decrease in production. Skidding is one of the more dangerous
activities on steep slopes. If care is used to select the proper skidder and tire size,
conventional equipment can be used on 30 to 40 percent slopes without undue risk to
either machine or operator (Samset, 1984). Excavated skid trails are required on slopes

greater than 40 percent, unless the operator can maneuver perpendicularly to the contour.

Alternatives to Conventional Skidders

Wide tires offer promise as a method to reduce site impacts. Wide tires, those

greater than 32 inches in width, have only recently been considered a steep slope
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modification to rubber-tired skidders. Gao (1985) verified that for every 3.5 inches of
tire width, the critical tipping angle for the machine decreased by one degree. Wide tires
not only increase stability, but can be helpful in decreasing site degradation. Gao's study
also demonstrated significant decreases in wheel slippage in uphill skidding with
increased tire width. Wide tires (66x43-25) had less wheel slippage compared to more
commonly used tires (24.5-32) in 50 percent of his measurements on slopes of 20 to 30
percent. Cone-penetrometer readings for 66x43-25 tires were one-tenth that of 24.5-32

tires on a 25 percent slope.

Crawler tractors are commonly believed to cause less soil compaction than
rubber-tired skidders. Burger et al. (1985), working on soils of a clayey Hapludult
family, found that soil compaction resulting from an unloaded crawler tractor with a
calculated ground pressure of 8.7 psi was not significantly different from that of an
unloaded rubber-tired skidder with a ground pressure of 33.4 psi. This supports
reasoning that rubber-tired skidders may be no more of a threat to soil compaction than
crawler tractors (Burger et al., 1985). As the ground pressure of a machine decreases,
compaction generally decreases. Lowman et al. (1978) demonstrates that wide tires with
low air pressure can reduce pressure of the machine on the soil by spreading the load

over a larger area.

There have been several studies dealing with differences in surface disturbance,
soil compaction, erosion, and sedimentation between cable yarders and rubber-tired
skidders (Dyrness, 1965, McMinn, 1984, Miller and Sirois, 1986, Krag and Webb,
1987). In a study comparing a small cable yarder with a cable skidder in north Georgia,
McMinn (1984) found that the cable skidder exposed 37 percent of the soil while one

percent of an adjacent area was exposed by the cable yarder. Miller and Sirois (1986)
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found that ground skidding affected 31 percent of a harvested area; 16 percent was
affected by a cable skyline. In Oregon, Dymess (1965) compared soil disturbance from
high-lead systems with tractor logging and found that 27 percent of the soil was
compacted by tractor logging, while only 9 percent was compacted with the cable
system. He also states that tractor logging left 36 percent of the harvested area

undisturbed, while 57 percent was left undisturbed by cable yarding.

Although alternatives such as cable yarders appear to decrease adverse effects to
the environment (Miller and Sirois, 1986), the additional cost, specificity, and complexity
of these systems result in continued use of rubber-tired skidders by the majority of

loggers in Virginia.

Decreasing site disturbance from conventional harvesting methods may also be
accomplished by a dispersed, overland skid trail pattern. There appear to be two
conflicting viewpoints associated with this topic, each with their advantages. The first is
that restricting severe impacts to a smaller area is better. Froehlich et al. (1981) report
that an efficient system of designated skid trails can reduce area of compacted soil by at
least two-thirds. Designated skid trails reduce compacted area by restricting machine
travel to fewer trails, thus increasing winching logs to the machine instead of traveling to
the stump. This produces a more severe impact on a small area. Dispersed skidding
which avoids multiple passes over any one area, is an alternative which both reduces
planning efforts and costs. Wimme (1985) states that dispersed skidding resulted in the
least overall site impact. Although a larger area was impacted by harvesting, this impact
was less severe than that of designated skid trails, and required a shorter recovery period

to return to its original level of productivity.
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Erosion

There are several components of site disturbance that occur on clear-cuts; these
include litter removal, soil compaction, rutting, and soil movement by road and landing
construction. All have the potential to increase the risk of sedimentation. Soil movement
may take two forms. The soil may be simply moved from one location to another on the
tract. Wischmeier and Smith (1978) state that soil material eroded from a field slope may
be deposited in the field boundaries, in terrace channels, in depressed areas, or on flat or
vegetated areas traversed by the overland flow before it reaches a stream. They also
maintain that sediment of this type, deposited near its place of origin, is not directly
relevant to water quality control. The soil may also be carried from the forest floor into a

stream, increasing sedimentation and decreasing water quality.

Erosion is largely a function of the amount of exposed soil (Dissmeyer and
Foster, 1984). Cover such as litter, slash, logs, and surface rock protects the surface from
the erosive forces of raindrop impact and runoff. "Protected and undisturbed forest soils
have infiltration rates that usually exceed rainfall intensity. Exposed forest soils are
subject to soil detachment by raindrop impact. Also, they yield surface runoff, which
potentially erodes soil and transports detached soil from the slope" (Dissmeyer and
Foster, 1984). One way of increasing cover and subsequently decreasing erosion is to
distribute slash over road surfaces and other patches of bare soil. Slash cover offers

protection to the soil surface until vegetation can be established (Berglund, 1978).

Additional factors related to erosion include, the presence or thickness of an
organic layer, the presence or concentration of fine roots in the surface layer of the soil,

height and percent coverage of a canopy, percent slope of the area, slope length, type of
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soil, amount of annual rainfall in the area, on-site storage, and the amount of steps on the

site (Dissmeyer and Foster, 1984).

Douglass (1975) estimates that 0.15 tons/acre/year soil loss is normal geologic
erosion from a fully stocked southeastern forest. All land, even virgin forests, is subject
to some degree of erosion. Other estimates of normal geologic erosion range from 0.18
to 0.30 tons/acre/year. However, these rates apply to an entire landscape and include
areas where erosion is accelerated by such activities as highway construction,
urbanization, and agriculture (Patric, 1976). In carefully managed, undisturbed
watersheds on the Fernow Experimental Forest near Parsons, West Virginia, most
sediment results from erosion of stream channels (Kochenderfer et al., 1987). Five
Fernow watersheds under varying management practices averaged between 0.001 and
0.003 tons/acre/year over a 20-year period (Reinhart et al., 1963). The soil loss from
several forested watersheds in the eastern and western regions of the United States show
0.25 tons/acre/year to be a suitable estimate of sediment yield. These estimates, although
referred to as "ball park" figures derived for specific locations, are surprisingly consistent

(Patric et al., 1984).

These figures are much less than estimates of "tolerable" soil loss to sustain
production of fertilized agricultural land, which ranges from 2 to 5 tons/acre/year
(Wischmeier and Smith, 1978). These site production figures should not be confused
with tolerable limits of sedimentation for acceptable water quality. Foth (1978) states
that erosion at approximate rates of 1 inch every 1000 years is beneficial to site
productivity in forested areas. These small amounts of erosion counteract leaching of

various nutrients from the soil.
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In a study on steep slopes, near Newport, Virginia, using an FMC 180 logging
tractor, the USDA-Forest Service (1984) found that leaving 22.4 percent of the soil
exposed (of which 15.8 percent was covered by slash and leaves) resulted in estimated
soil loss well below the calculated tolerable level of soil loss for that site. This tolerable
level of soil loss was calculated using the Guide for Calculating Tolerable Accelerated
Soil Loss for Forested Lands in the Southern Region (USDA Forest Service, 1982). The
Forest Service estimated potential soil loss, using the Universal Soil Loss Equation, of
0.25 tons/acre/year compared to the tolerable level of 0.59 tons/acre/year. Bladed skid
trails were not used in this study (Rummer and Sirois, 1984). This clearly shows that

steep slope harvesting is possible without severe erosion risk.

Scattered small patches of bare soil including soil exposed by felling trees,
skidder wheel slippage away from trails, and exposed soil from winching logs, are
seldom an erosion risk. "Research indicates that rain falling on scattered small patches of
bare soil will not deliver sediment to streams unless these patches form unbroken
pathways over long downhill distances" (Virginia Dept. of Forestry, 1989). Up to 25
percent of an area can be exposed mineral soil without serious erosion if there are
frequent patches of organic material to stop initial soil movement (Dissmeyer and Foster,

1984).

Fortunately, erosion as a result of logging is usually short-term. Only on poorly
planned harvests does erosion remain a problem for more than 2 or 3 years after logging
has been completed. Turbidity, expressed as parts of soil per million parts of water,
averaged 490 ppm for a 13 month-long operation. Average turbidity dropped to 38 ppm
during the first year following the harvest and to 1 ppm during the second year

(Hornbeck and Reinhart, 1964).
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Major disturbances such as mineral soil exposure, soil movement, and
compaction tend to be intrinsically related to-landings, skid trails and spur roads (Miller
and Sirois, 1986). These earthworks have a very high erosion risk, due to the large
amount of exposed soil, which is further escalated when the structures are poorly located
or maintained. These areas especially deserve concentrated attention to minimize erosion

risk because they are usually easily accessible, small in area, and easily treated.

Seeding is a common post harvest treatment which increases cover and root
stabilization of soil (Berglund, 1978). One method of reducing erosion risk on
compacted sites is to till compacted surface layers before seeding to enable maximum
root elongation (Cannell, 1977). Reisinger et al. (1988) add that the most effective
treatment for compacted soils on skid trails and landings is tillage of the surface soil
combined with fertilization and seeding. This treatment is successful at stabilizing soil at

a higher rate than seeding an untreated, compacted surface.

Soil Compaction

Soil compaction decreases macropore space, aeration, water infiltration rate, and
saturated hydraulic conductivity, and to increase mechanical strength and bulk density
(Blackwell and Soane, 1981). Decreased macropore space slows infiltration and can lead
to increased surface runoff and sedimentation (Dissmeyer and Foster, 1984). From a
biological standpoint, the ability of a soil to store and conduct water and air is probably
the most important property affected by compaction (Burger et al., 1985). According to
Patric (1980), compaction and infiltration rates were negligibly affected by clear-cutting

on the Fernow Experimental Forest near Parsons, West Virginia. Rainfall was observed
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to infiltrate the forest floor as fast as it fell, then moved through, not over, the soil to the

streams.

The number of skidder passes over a specific location is important. Forest soil
compaction during harvest depends on the weight and function of the machine used, the
amount of surface litter and slash, soil texture and structure, and the soil moisture level
(Burger et al., 1985). According to Wimme (1987), up to 9 passes in moist soil
conditions (10% soil moisture content) have little impact on soil compaction and water
movement. The presence of litter and slash on the soil surface increases the soil's ability
to resist compaction by spreading the load of the equipment and subsequently decreasing
tire penetration into the soil. In a study by Mace (1970) on forest soils in northern
Minnesota, two harvesting operations were compared, one using full tree skidding, and
the other using tree length skidding. He found that compaction was significantly less
when using tree length skidding. This decrease was attributed to large amounts of slash

spread over the operation areas.

Some soil compaction is necessary for tree growth and can be beneficial to tree
roots (Greacen and Sands, 1980). Forest soils, unlike agricultural soils, are subject to
compactive forces of root extension which may cause differences in soil strength
distributions (Adams and Froehlich, 1981). Forest soils, for the most part, have never
been subjected to tilling and, therefore, exhibit more heterogeneity than agricultural soils.
The amount of surface stone is often large and interferes with many sampling methods
used to measure compaction. This variability of forest soils emphasizes that caution is

needed when dealing with indicators of compaction.

The soil compaction process is essentially a reduction in volume for a given mass

of soil, caused by externally applied pressure. The most direct quantitative

Literature Review 11



measurements of soil compaction and most frequently used to express changes due to
machine traffic are soil bulk density and porosity (Reisinger et al., 1988). Increases of
soil bulk density are usually experienced with compaction. For example, Wimme (1985)
found bulk densities of a moist, sandy loam soil (10.9 - 26.7 % moisture content) to
increase an average of 0.14 g/cc with 1 to 27 skidder passes. Most of this increase was
attributed to the first pass. Also, Koger et al. (1984) found an increase in bulk density, on
a sandy loam soil, of 0.25 g/cc with one pass of a single-wheel tire tester (simulating
skidder traffic). With four passes, they found an increase of 0.29 g/cc. In the same
study, soil mechanical strength increased 52 psi with one pass and 84 psi with four

passes.

Higher soil strength increases a soil's ability to resist compaction. Subsoil, having
a naturally higher mechanical strength than surface soil, is more resistant to compaction
(Greacen and Sands, 1980). Subsoil should not be considered compacted simply on the
basis of mechanical strength. (Further assessment of additional factors should be

considered before subsoil is labeled compacted.)

A mechanical strength of 362 psi (2500 kPa) is often regarded as critical for root
growth. Plants roots may continue to grow in soils with mechanical strengths up to 1160
psi (8000 kPa), but at a much slower rate (Greacen and Sands, 1980). Taylor and Gardner
(1963) found that root growth decreased by 30% in soil with a strength of 210 psi.
Growth decreased by 70% when soil strength was 420 psi. Past studies are consistent in
their reports on root elongation with respect to soil mechanical strength in that root
growth of woody plants appears to drop off significantly at 362 psi (Zyuz, 1968, Greacen
et al.,, 1968, and Sands et al., 1979).
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Using a cone penetrometer to measure cone resistance (cone index) is a common
empirical measure of soil strength (O'Sullivan et al., 1987). The use of cone
penetrometers for determining soil penetration resistance is one of the more convenient
methods to indicate soil compaction, soil strength, and impedance to root penetration.
Cone resistance is a point estimate, rather than a bulk soil measurement, and tends to be
highly variable even within small areas. This variability is often associated with roots or
stones below the ground surface (Anderson et al., 1980). Although there are some
differences among penetrometer methods, they appear to be a reliable alternative to other

measures (Sirois et al., 1989).

Categorizing Site Disturbance

Miller and Sirois (1986) developed seven site classifications for the disturbance
caused by harvesting operations in Southeastern forests. This classification system uses
four disturbance categories (undisturbed, slightly disturbed, severely disturbed and
depression deposits) and three categories to further characterize the disturbance (debris

piles, compaction, and non-soil).

1) Undisturbed - litter still in place and no evidence of compaction.
2) Slightly disturbed includes any of three conditions:

a) Litter removed and mineral soil exposed;

b) Mineral soil and litter mixed, about 50%;

¢) Mineral soil deposited on top of litter to a depth of 5 cm.
3) Severely disturbed - surface soil removed and the subsoil exposed.

4) Compacted (depressed) - obvious compaction by passage of a machine or
log.

5) Depression deposit - sedimentation in holes, troughs, or behind debris dams.
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6) Debris piles - slash exceeding 30 cm deep that would hinder planting even
after burning.

7) Non-soil - rock outcrops, streambeds, and tree stumps.

This classification system is more complete and better defined than others such as
that used by USDA Forest Service (1984) which has the following categories on a point
estimate basis: bare soil, no bare soil, rock, log, detached leaves with bare soil beneath,

or attached leaves with bare soil beneath.

In Miller and Sirois' classification scheme, debris piles were considered to be a
problem for post harvest regeneration activities where their study was conducted. This
differs from steep slope hardwood areas where slash is advantageous, serving as a barrier

for slowing water movement and resisting subsequent erosion.

The literature reviewed presented and compared several alternatives to
conventional skidders including wide tires, cable systems, and crawler tractors.
Although, none of these have been successful at replacing the conventional rubber-tired
skidder, they have been able to decrease surface disturbance, erosion, and compaction
during timber harvesting. Timber harvesting impacts are often difficult to measure;
however, as methods continue to improve, a better understanding of their effect on the

environment will evolve.

Literature Review 14



Methods and Procedures

Study Area Selection

The cooperators in the project, Westvaco, Georgia-Pacific, Nekoosa Packaging,
and the U.S. Forest Service, were asked to submit tracts for possible inclusion based
upon the following criteria: only clear-cuts would be considered, average slope would
exceed 30 percent, and the date of harvest would be between September, 1988, and
September, 1989. The tracts were to be selected without regard to the apparent
"quality” of the logging job. Prescreening to select only the best operations was
explicitly discouraged. As a result, 29 separate tracts were identified, and 10 were
selected for detailed study. This final selection attempted to assure a diversity of
equipment used; overland travel and bladed skid trails; uphill, downhill, and contour
skidding; soil type; ownership; and season of cut. None of the tracts were visited prior

to selection to further ensure impartiality.

The Virginia Department of Forestry was preparing to initiate voluntary "Best
Management Practices" (BMP's) at the time most of these tracts were cut, but
inspection procedures had not begun. A series of workshops on BMP's and suggested

harvesting techniques to minimize erosion and water quality degradation had been
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