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Photo #2

STREAM CHANNEL OF GLADE CREEK

AT LOWER END OF STREAM

Photo #3

i

GLADE WATERSHED FROM THE VALLEY BOTTOM



Photo #4

GLADE CREEK WATERSHED SHOWING SOUTH FORK
WITH GRANITE CREEK IN BACKGROUND
NOTICE STEEP PARALLEL WATER COURSES
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GLADE CREEK LOOKING DOWN NORTH FORK SHOWS
UNSTARBLE LAND FORM



Photo #6
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UPPER WATERSHED

Photo #7
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Photo #8

Photo $#9

WATER SEEPING ALONG ROAD LOCATION
IN GLADE CREEK

SEEPAGE AND WATFR ON ROAD T.OCATION
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UPPER GLADE CREEK AT ROAD CROSSIN

Photo #11
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Photo #12

AERIAL PHOTO OF CLEAR CUT
ADJACENT TC GLADE, SEE ROADS REMOVING
WATER OUICKLY



MAP OF PROPOSED ACTIVITY
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Table 3. Management interpretations of various stream types.

Stream Sensitivity Streambank Vegetation
Type to - Recovery Sediment Erosion Controlling
Disturbance! Poteptial® Supply® Potential Influence*
Al very low excellent very low very low negligible
A2 very low excellent very low very low negligible
A3 very high very poor very high high negligible
Ad extreme very poor very high very high negligible
AB extreme very poor very high very high negligible
A6 high poor 5 high high pegligible
B1 very low excellent very low very low negligible
B2 very low excellent very low very low negligible
B3 low excellent low low moderate
B4 moderate excellent moderate low moderate
B5 moderate excellent moderate moderate moderate
. Bs moderate excellent moderate low moderate
C1 low very good very low low moderate
C2 low very good low low moderate
C3 moderate good moderate moderate very high
C4 very high good i very high very high
Cs very high fair very high very high very high
Cé very high good high high very high
D3 very high poor very high very high moderate
D4 very high poor very high very high moderate
D5 very high poor very high very high moderate
Dé high poor high high moderate
DA4 modernte good very low low very high
DAS moderata good low low very high
DaAs moderate good very low very low very high
E3 high good low moderate very high
E4 very high good moderate high very high
E5 very high good moderate high very high
= E6 very high good low moderate very high
F1 low fair low moderate low
F2 low fair moderate moderate law
F3 moderate poar very high very high moderate
F4 extreme poor very high very high moderate
F5 very high poor very high very high modersate
Fe very high fair high very high moderate
G1 low good low Tow low
G2 moderats fair modarate moderate low
G3 very high poor very high very high high
G4 extreme very poor very high very high high
G5 extreme very poor very high very high high
Ge very high poar high high high

! Includes increases in streemfiow magnitude and timing and/or sediment increases.
? Assumes natural recovery once cause of instability is corrected.
? Inciudes suspended and bedload from channel derived acurces and/or from stream adjscent slopes.

4 Vegetation that influences width/depth ratio-stability.
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Glade Creek 1964-68
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SOIL COMPACTION LITERATURE REVIEW

The area impacted by skid trails from conventional tractor logging is
20-38 percent (1, 2, 3, 7, 8, 9, 10, 14, 18, 19). The changes in the soil
due to tractor Togging are usually measured in terms of sadil bulk density,
soil permeability, and the percent soil macropore space.

The primary change that occurs is an increase in soil bulk density. This

change in bulk density causes many secondary impacts on the soil. The pore

space is reduced, biological activity is reduced, infiltrations rates are lowered,
soil aeration and gas diffusion are decreased, and permeability is lowered (3, 4, &

6, 9, 12, 13). The increase in soil bulk density increases the strength of
the soil, retarding root penetration (10, 13, 14).

3

Various techniques can be used to measure bulk density including the saran

ciod method, volumetric core methods, and the nuclear densiometer method.

In a study done by Steinbrenner and Gessel, 1955, soil bulk density (volumetric
core) increased by 35 percent. A study by Froehlich in 1976 measured bulk
density (nuclear densiometer) in skid trails at various depths. The results
showed 21 percent increase at 2 inches, 18 percent increase at 4 inches, and a
12 percent increase at 6 inches. Another study by Hatchel, Ralston, and Foil,
1970, showed_a bulk density (nuclear densiometer) increase of from .75 gm/cm3

Lo 1.08 g/cm® on primary skid trails. Kuennen et. al. (1979) showed an 18 percent
increase (saran clod) at the 4 inch depth.

The increase in bulk density is affected by the number of tractor passes on skid
trails. Some studies show that most of the compaction takes place after the

first few passes (1, 2, 15). Wet soils are more susceptible than dry soils (2).
Wet, fine- and medium-textured soils are the most susceptible to compaction (1).

In a study done by Steinbrenner, 1955, most of the damage on wet soil occurred
on the first tractor pass.

Increased soil bulk density reduces macropore space (4, 6). Loss of macropore
space decreases infiltration and gas diffusion rates. Permeability can be
reduced by 35 percent (3). One study shows that after four tractor passes on

a wet soil, the soil was almost impervious to water (2). In another study by
Klock, 1979, permeability was reduced from 27.2 in/hr to 2.7 in/hr on a primary
skid trail (11). Most macropore and permeability Toss takes place in the first
few passes over the skid trail (2, 7).

Growth loss in a stand can be directly related to an increase of the percent of
area in skid trails, and increase in the bulk density of the soil (4, 13, 15, 16,

21). Seedling height was reduced 5-50 percent in compacted soils and total volume
loss ranges from 13-50 percent (1, 10, 15).

Recovery of the soil from compaction depends on the soil texture, soil moisture,
and the structure of soil (13, 15). Soil that alternately freezes and thaws,
and/or wets and dries will recover faster. Coarse textured s0ils with weak
structure recover faster (15). Recovery time for a compacted soil ranges from '
5 years to one whole rotation or longer (4, 13, 15). The snowfall on the Kooteqa1
reaches sufficient depths to insulate the soil and prevents the soil from freezing,
limiting recovery from compaction.



Alternative Togging systems can lower the impact on the ground by reducing the
amount of the area that is disturbed by machinery. Three types of alternative
systems that have been studied are dedicated skid trails, high lead systems,
and over-the-snow Togging with tractors. Up to 80 percent of a total logging
unit can be impacted by repeated entries (10). In a study by Froehlich,
Aulerich, and Curtis, 1979, tractor logging with dedicated skid trails only
impacted 7-11 percent of the total area Compared to 20 percent for conventional
tractor logging. Another study in California by Bradshaw showed 4 percent of
area impacted by skid trails compared to 22 percent with conventional tractor.
In the first study production was Jowered by 11 percent, but the overall cost
was slightly better with dedicated skid trails. This time was Tost in winch-
ing trees to the skid trail. The study showed less residual stand damage with
the dedicated skid trails because trees were directionally felled before they
were winched to the trail. Bradshaw's study showed no Toss of production with
dedicated skid trails. He showed a 15-20 percent decrease in damaged residual
trees with directional falling, and winching to the dedicated skid trail.

|
Skyline Togging disturbs 2-12 percent of the ground area compared to 26-35
percent for conventional tractor (11, 14). The percent increase in compaction
on the skid trajls was the same, but a lot more total area was severely disturbed

with tractor systems. The trails are also much narrower with the skyline systems.

Over-the-snow Togging has proven affective for sensitive soil areas. A study

by Klock, 1979, shows 9.9 percent total area severely disturbed compared to

36 percent for conventional tractor Togging. Sixty-six percent of the total

area had no ground disturbance compared to 26 percent with conventional tractor (
Logging during the winter of '82-'83 in Griffin Creek on the Tally Lake Ranger
District produced similar results. The soils are wet lacustrines and this was

probably the only way the area could be Togged without excessive soil damage (20).

A1l of the advanced systems show a decrease in the amount of area impacted in
the form of skid trails. The future site productivity is a direct function of
increased bulk density. This is shown by reduced heights 4n seedlings and total
volume of the stand (2, 4, 7, 13, 16). Wet soils are the most impacted, and

take the longest to recover. For these reasons an alternative logging system
should be chosen for wet soils.

The aforementioned discussion pertains only to harvesting with over-the-ground
vehicles. Much more land can be impacted by slash disposal and site preparation.
During these operations the soils are less protected because of loss of surface
organic matter and wetter due to loss of tree canopy.
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