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preplanned skid trails and winching versus
conventional harvesting on a partial cut

George Bradshaw

abstract
Production rates, skidding costs,
and soil disturbance were
compared for two partial-cut
units-one with preplanned skid
trails and winching and one con-
ventional unit-harvested with a

Caterpillar D-7F.

For the unit with preplanned skid
trails and winching, production
was 11 percent less, and skidding
cost per unit volume was 29
percent more than for the conven-
tionally harvested unit. However,
only 4 percent of its area was in
skid trails, compared to 22 percent
of the conventionally harvested
unit. Total cycle time with winch-
ing was a function of skidding
distance, skid trail slope, number
of logs per turn, volume per turn,
number of winching cycles, and
the average winching distance.

introduction
Tractor skid trails can cover up to
36 percent of a harvest area
(Dyrness 1965, Froehlich 1976).
Soil in tractor trails is compacted
and may affect reforestation
success. Such compaction has
reduced seedling height growth by

13 percent and volume growth by
33 to 53 percent (Youngberg
1959, Perry 1964, Froehlich
1979). Although long-term effects
are not fully understood, these
results suggest that the compaction
of timber-producing land from
tractor logging should be mini-
mized.

Looking for ways to minimize
disturbance and compaction of
forest soils from logging equip-
ment, many land managers ask:
"Is the additional cost of pro-
tective measures economical in
terms of less soil disturbance,
compaction, and tree damage?" To
answer that question, we
compared the environmental
benefits and costs of two methods,
winching with preplanned skid
trails and conventional tractor
methods.

site and methods
The Corral Timber Sale is located
in Tuolumne County on the
Groveland Ranger District,
Stanislaus National Forest, approx-
imately 35 miles northwest of
Groveland, California (Fig. 1).

There in the Sierra Nevada
Mountains, we studied a harvest
area on a broad north-south ridge
between the Jawbone and Skunk
Creek drainages. Slopes ranged
from flat on the ridge top to 60
percent adjacent to Jawbone
Creek. The soil texture was sandy
loam of granitic origin.

The unit was planned for a partial
cut with an average of 10 to 12
thousand board feet (MBF) per
acre to be removed. The timber
stand-old-growth ponderosa pine
mixed with incense cedar, sugar
pine, white fir and Douglas-
fir-was harvested with a Cater-
pillar D-7F (180 horsepower)
weighing 42,620 pounds. Diameter
inside bark averaged 22 inches for
the harvested trees.

Within the study area, unit 1A was
logged using winching and pre-
planned skid trails, and unit 16
was logged by conventional tractor
methods.

For both units, production in
board feet was measured per turn
and totaled at the end of each
day. Daily costs were provided by
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Figure 1.
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Location of the Stanislaus
National Forest, California.

Cal Sierra Timber. The area of
disturbance was determined by
measuring the length and width of
the skid trails. Soil densities were
measured at depths of 2, 4, 6, and
8 inches with a single-probe
nuclear density meter which
averages the density from the
surface down to the depth of the
probe (such values generally are
higher than the actual densities).

In addition, to develop a pre-
dictive equation for the skidding
cycle time, we recorded detailed
time data at Unit 1A.

results and discussion
skidding production and
cost comparisons

Total harvesting costs include
felling, loading, hauling, and
environmental costs, in addition to
skidding, which is often the largest
cost. In this study, skidding pro-
duction and cost depended on
skidding distance, skid trail slope,
number of logs per turn, volume
per turn, number of winching
cycles per turn, and average winch-
ing distance (Table 1). Aulerich et

al. (1974) found all these
variables, as well as crew size and
thinning intensity, to significantly
affect production.

In Unit 1A, hooking took 9.86
minutes, more than 63 percent of
the total productive time and 40
percent of the total cycle time
(Table 2). In another study, hook
time also represented 40 percent
of the total skidding cycle, both
productive and nonproductive time
(McDonald 1972). Hook time can
be costly when a large, expensive

tractor is idle. Because the choker-
setters used only one set of
chokers, they were unproductive
for an average 5.7 minutes per
turn-the total time for inhauling,
unhooking, and outhauling.
Reducing the average hook time
by this amount would make time
for an average of 11 more turns
per day, a 57-percent increase in
production. Preset chokers would
significantly decrease hook time
because chokers could be set on
the next turn of logs while the
tractor was returning to the land-
ing with a turn.

Winching, involved in 56 percent
of the 107 total turns we timed,
also significantly affected hook
time. With winching, hook time
for turns averaged 12.54 minutes,
6.11 minutes longer than without
winching. The size of timber
required winching only one log at
a time to minimize damage to the
residual stand. Often logs already
winched to the skid trail would
have to be moved so the remaining
logs could be winched.

Daily production in Unit 1A
averaged 44,020 board feet (gross)
for a 9-hour workday, compared
to 49,350 board feet in Unit 1B.
This 10.3-percent increase in Unit

Table 1.

FACTORS AFFECTING SKIDDING
THE CORRAL TIMBER SALE.

PRODUCTION AND COST FOR

Independent variable Average Minimum Maximum

Skid distance, feet 515 50 2,550

Skid trail slope, percent 2.95
(adverse)

-2.0
(favorable)

25
(adverse)

Logs per turn 3.8 1 6

Volume per turn, board feet 2,280 340 5,250

Winching cycles 1 0 5

Average winching distance, feet 57 12 163

Groundslope, percent 25.69 1 65
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113 can be attributed to allowing
the tractor to drive up to each log.

The soil densities averaged 0.94 to
1.21 grams per cubic centimeter in
the undisturbed areas and 1.11 to
1.34 grams per cubic centimeter in
the disturbed and compacted areas
(Table 3). The degree of compa-
ction on the major skid trails was
similar for both Units 1A and 1B.
Density increased 21 percent in

the top 2 inches (5.08 centi-

meters) of soil. The density
increases at depths of 4 inches

(10.16 centimeters), 6 inchesIdentical equipment was used at
both units-a Caterpillar D-7F
tractor with an operator ($450 per
day) and a Caterpillar 966c loader
with an operator ($360 per day).
Labor costs also were comparable,
$100 per day for a chaser at each
unit and $100 for a chokersetter.
However, Unit 1A needed an
additional chokersetter to pull the
winch line, bringing total daily
cost (with loader) to $1,110, 15
percent more than the $1,010 for
Unit 1B.

Daily production averaged 44.02
MBF at Unit 1A and 49.35 MBF
at Unit 1B. Dividing skidding cost
or loading cost by daily produc-
tion yields the daily cost per
thousand board feet of harvested
timber. Altogether, skidding costs
for Unit 1A ($17.04/MBF) were
29 percent higher than those for
Unit 1B ($13.17/MBF). Of that
$3.87 difference, $2.24/MBF was
the additional chokershetter, so
$1.63/MBF was the cost of
decreased production caused by
the required winching.

soil disturbance and
compactions

Unit 1A totaled 20.95 acres, 4.04
percent in skid trails (2,302 feet x
16 feet) and 3.34 percent in a
landing and an access road (1,522
feet x 20 feet) which was also
used as a skid trail. The conven-
tionally logged unit (1B) covered
2.45 acres with 22.11 percent in
skid trails (1,411 feet x 16 feet).
The total area disturbed in Unit
1A was 7.38 percent or one-third
that of Unit 1B, a relative
difference of 14.79 percent
because both units were serviced
by the same landing and access
road. Soil disturbance in Unit 113,
22.11 percent of the area, was
comparable to 26 percent found
by Steinbrenner and Gessel (1955)
and 18 to 28 percent found by
Froehlich (1976).

Table 2.

(15.24 centimeters), and 8 inches
(20.32 centimeters) were 18, 12,
and 12 percent with no significant
change below the 6-inch depth.

SUBCYCLE TIMES FOR LOGGING UNIT 1A.

Subcycle Total Average
Standard
deviation Range

Percent
of total

turn time

--------- min

Delay 1,242.00 8.87 -- 36.4

Outhaul 178.55 1.67 0.95 0.13- 5.35 6.8

Hook 1,055.17 9.86 5.45 1.38 -27.5 40.4

Inhaul 364.12 3.40 2.47 0.32-14.05 13.9

Unhook 78.28 0.60 0.25 0.17- 1.35 2.5

24.40 100.0

Table 3.

SOIL DENSITIES IN DISTURBED AND UNDISTURBED AREAS.

Undisturbed Disturbed
n=5 n=27 Increase

Depth (Ib/ft3) (g/cm3) (lb/ft3) (g/cm3) (N)

A. UNIT 1A

2 in. 62.50 1.00 77.17 1.24 24
4 in. 70.43 1.13 82.23 1.32 17
6 in. 74.53 1.19 83.07 1.33 11

8 in. 75.43 1.21 83.43 1.34 11

B. UNIT 1B

2 in. 58.75 0.94 69.54 1.11 18
4 in. 60.85 0.97 72.03 1.15 18
6 in. 66.10 1.06 74.07 1.19 12
8 in. 67.75 1.09 75.97 1.22 12
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conclusions
it Skidding cycle times were

influenced by skidding distance,
skid trail slope, number of logs
per turn, volume per turn,
number of winching cycles per
turn, and average winching
distance.
Production rates were 11
percent less with winching and
preplanned skid trails than with
conventional tractor methods.
Winching and preplanned skid
trails cost 29 percent more than
conventional tractor methods.

to

ao

S Soil disturbance with winching
and preplanned skid trails was
one-third that with conven-
tional methods which covered
22 percent of the tractor unit
with skid trails.

,,R Soil compaction on the major
skid trails was similar in both
operations.
Preset chokers could increase
production and decrease costs
of winching.
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