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An infiltration capacity and surface erodibility study was con-
ducted six years after forest harvesting in the Oregon Cascades. A
portable rainfall simulator was utilized to obtain field measurements
on the Coyote Creek and Hi-15 Watersheds during summer and fall,
1977.

Seasonal variations were found to occur in infiltration
capacities and surface erodibility. Infiltration capacities increased
by 1.4 times from summer to fall, while surface erodibility
characteristics, suspended sediment concentration and sediment
vield, decreased from summer to fall., Surface limiting conditions
during the summer and soil profile controlled conditions in the fall
were hypothesized to explain this seasonal variation.

Nearly all timber harvesting treatments for each study area
had statistically equal summer infiltration capacities in comparison

with adjacent unlogged areas. In addition, summer surface
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erodibility characteristics on treated areas were typically less
than those found on undisturbed areas. Only certain skid trails,
cable log paths and severely disturbed sites such as tractor win-
drowed and burned areas had substantially reduced infiltration
capacities and increased surface erodibility. However, all areas,
including the most severely disturbed, had fall infiltration capacities
that exceeded usual and maximum fall precipitation intensities.
Many skid trails and other highly disturbed and compacted
areas at Coyote Creek appeared to have greatly recovered since
logging six years ago. Freezing/thawing, biological activity, and
shrinking and swelling of soils may account for this recovery in
irfiltration capacities, surface erodibility and soil properties.
Skid trails and severely distﬁrbedl areas may partially account for
peak flow increases and minor sedimentation the first few years
after logging. However, data from this study collecte‘d six years
following timber harvesting do not support the premise that con-
tinued increases in peak flows are caused by changes in infiltration
capacities, except perhaps for a tractor windrowed and burned area.
: a5
Predictive models for infiltration capacity (nhormally dis-
tributed) and surface erodibility characteristics (requiring normal-
izing transformations) were not found using regression techniques
because of large amounts of variance. Variation in estimates of
infiltration capacities and surface erodibility for indivi‘dual plots and

between study areas was identified.
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INFILTRATION CAPACITIES AND SURFACE ERODIBILITY
ASSOCIATED WITH FOREST HARVESTING ACTIVITIES
IN THE OREGON CASCADES

INTRODUCTION

Infiltration represents an important and fundamental hydrologic
process on wildland watersheds. Infiltration c-apacities on most for-
ested watersheds are typically high and exceed precipitation rates, and
thus rainfall usually reaches the stream system via subsurface flow
(Whipkey, 1965; Hewlett and Hibbert, 1967; Hewlett and Troendle,
1975). As a result, overland flow rarely occurs on undisturbed forest-
ed watersheds. This is especially true for the western Cascades of
Oregon (Rothacher, Dyrness and Fredriksen, 1967; Dyrness, 1969;
Harr, 1976a; 1976b; 1977).

Land use activities associated with forest harvesting often alter
the physical condition of the soil surface and may cause a reduction in
infiltration capacities. Infiltration capacities can be reduced in sever-
al ways. These include compaction, the formation of non-wettable lay-
ers as a result of burning and the blocking or plugging of macropores
of exposed soils by raindrop impact. Compaction, in particular, can
greatly affect macroporosities and infiltration characteristics of soils
(Froehlich, 1976).

Forest harvesting activities that sufficiently reduce infiltration

capacities can cause overland flow. As a consequence, this water may



subsurface flows and may contribute to higher peak flows. Increased
peak flows have been noted on several U.S. Forest Service experimen-
tal watersheds in southern Oregon (the Coyote Creek Watersheds) fol-
lowing forest harvesting (Fredriksen and Rothacher, 1973; Harr,
Fredriksen and Rothacher, 1978). Changes in infiltration capacities
on the harvested areas as a result of compaction and/or other soil dis-
turbance may represent a mechanism for these peak flow increases.

Another important by-product of overland flow on harvested
watersheds is that onsite erosion rates may be accelerated particularly
during high intensity rainfall events (Dunford, 1954; Bethlahmy, 1967).
Such soil movements may affect both onsite productivity and sedimen-
tation in streams. Again, the U.S. Forest Service has noted increased
sedimentation in streams following forest harvesting on the Coyote
Creek Watersheds (Fredriksen and Rothacher, 1973; Harr et al.,
1978).

The primary objective of this study was to evaluate the changes
in infiltration capacities and surface erodibility associated with forest
harvesting practices on the Coyote Creek Watersheds with adjacent un-
logged areas being used for control. An additional area, the Hi-15
Experimental Watersheds, was used for comparison. The secondary
objective was to relate infiltration capacities and surface erodibility to

measurable physical characteristics of the soil.
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LITERATURE REVIEW

Infiltration Capacity

Infiltration is the process by which water passes through the soil
surface. Infiltration should be distinguished from percolation, which
is the movement of water through the soil profile, and should not be
confused with hydraulic conductivity, which is the ability of the soil to
transmit water. However, in certain instances, infiltration may equal
the hydraulic conductivity. Comprehensive reviews of the infiltration
process can be found in Parr and Bertrand (1960), Philip (1969), Gray
(1970), Hillel (1971), and Satterlund (1972).

Infiltration of water into an unsaturated soil is in response to
capillary and gravitational forces (Gray, 1970; Hillel, 1971; Satterlund,
1972). Both forces act in a downward direction. In addition, the cap-
illary force also acts laterally. The capillary force exerted is a func-
tion of the shape of its meniscus determined primarily by the capillary
radius and the degree of attraction (contact angle) between the water and
the soil pore surfaces, Initially, the capillary force controls infiltra-
tion but as water penetrates deeper into the soil profile and the soil wa-
ter content increases, the capillary force becomes progressively less
important. When the upper soil profile approaches saturation, gravita-

tional forces which act on individual water molecules predominate and
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infiltration is practically equal to the saturated hydraulic conductivity,
given that the soil profile is homogeneous and structurally stable.

The rate at which water is actually entering the soil at any given
time is the infiltration rate. The infiltration capacity is the maximum
rate of water entry attained by a soil at a giveﬂ time (Horton, 1940;
Parr and Bertrand, 1960). In general, the infiltration capacity‘ for a
given soil is high in the early stages of infiltration but tends to decrease
and eventually approach asymptotically a constant rate when the soil is
thoroughly wetted which is the final infiltration capacity (Hillel, 1971).
For the purpose of this study, infiltration capacity and final infiltration
capacity are synonymous.

Numerous empirical equations have been proposed to describe the
infiltration process over time. The most well-known equations are by
Kostiakov (1932), Horton (1940) and Philip (1957). More recently,
some authors have modified older equations and approaches, particu-
larly the Green-Ampt approach, to simulate infiltration (Hillel, 1971;
Morel-Seytoux, 1976). Since all empirical equations are not entirely
based upon basic physical relationships, they cannot be expected to ap-
ply universally with satisfactory results (Gifford, 1976).

Numerous factors have been found to affect the infiltration capa-
city of a soil (Lewis and Powers, 1938; Dortignac, 1951; Packer, 1951;

Parr and Bertrand, 1960; Dortignac and Love, 1961; Johnson, 1963;
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L 33; wischmeier and Mannering, 1969; Hatchell, Ralston and Foil,
1379: Meeuwig, 1970a; 1971; DeBano and Rice, 1973; Blackburn, 1975;
“ixon, 1975; Dyrness, 1976; Dohrenwend, 1977). Soil factors include

.xture, structure, total porosity, capillary and non-capillary porosity,

i~tecedent soil moisture content, bulk density, organic matter content,

s:ological activity, soil permeability, thickness of individual soil hori-
-sns and any restricting layer, the amount and kind of shrinking and
+wr1ling clays, the depth to a restricting layer, the total soil depth

and the parent material, Vegetation-related factors include vegetation,
~umus and litter mass, density and percent cover composition, vegeta-
::on height and vigor, vegetation types present, litter thickness, and
*»e degree and depth of rooting. Surface factors include the percent
protective cover composition of rock, the size and percent areal extent
ol bare openings, soil surface roughness, slope shape, percent slope,
the degree of surface disturbance, the degree and affected depths of
<ompaction, and the degree, depth, ‘and continuity of non-wettable soils.
“Water-related and other factors are rainfall intensity and duration,
Taindrop size, water temperature and viscosity, quality of infiltrating

“ater, amount of entrapped and displaced soil air, soil frost and aspect.

Surface Erodibility

The principal causes of surface erosion are surface runoff and

**rland flow that occur when the infiltration capacity of a given site
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has been exceeded by precipitation rates, Although the same factors

determining infiltration also affect surface erodibility, exposure of
bare soil, soil surface compaction and severe fire are primary mecha-
nisms influencing erosion.

When soil surfaces are unprotected frorn‘ raindrop impact, soil
particles are detached and soil structure is broken down and compacted
by raindrop slash (Lowdermilk, 1930; Ekern, 1950; McIntyre, 1958;
Dohrenwend, 1977), Splashed soil particles move into the surface wa-
ter, clog large soil pores and act to seal the soil surface. Thus, in-
filtration capacities are reduced, runoff created and substantial soil
erosion may result. |

Soil surface compaction, whether by machine or animals, can re-
duce infiltration capacities via decreased total and non-capillary pore
space, produce runoff and result in surface erosion (Froehlich, 1974,
1976). Surface erodibility can be extremely high especially when com-
paction is combined with litter and vegetation removal.

Fire can consume organic components of the forest floor and
leave the soil surface exposed to raindrop impact. Furthermore, in-
filtration can be reduced by ash plugging large soil pores (Zwoliniski,
1971). Severe fire in particular may induce a water-repellent condi-
tion in the soil surface or immediate subsurface. Although hydropho-

bic substances may be rcleased by vegetation and the decomposition of



cause litter and soil organic matter to release unknown hydrophobic

compounds and have resulting vapors move into the soil in response to
temperature gradients (DeBano, Mann and Hamilton, 1970; Debano and
Rice, 1973). Infiltration capacities are then decreased and substantial

runoff and erosion may occur.

Non-Logging Related Investigations

Hundreds of infiltration studies have been reported for non-timber
harvesting situations associated with rangeland and forest environments,
especially in the Great Basin regions of the U.S. These studies have
evaluated infiltration capacities and surface erodibility in relation to
environmental characteristics and land use activities. Some of the
more important studies are discussed below. Of these studies, nearly
all were conducted with rainfall simulators.

In comparison with undisturbed infiltration capacities (5.4 cm/hr)
of the Missouri Ozark region, Arend (1941) discovered infiltration ca-
pacities were reduced by 38% following annual woods burning (3.4 cm/
hr) and by 59% following grazing (2.2 cm/hr). The mechanical removal
of the litter layers reduced infiltration by 18% (4.9 em/hr) relative to
undisturbed areas (6.0 cm/hr). In the same region, Auten (1934) ear-
lier found that the undisturbed forest soils had an infiltration capacity

six to nine times greater than that for burned forest soils,
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On grass rangeland having a loose granitic soil and 30 to 60%

slopes in southwestern Idaho, infiltrometer tests have shown that a
grpu.nd cover of 70% is required for controlling runoff and surface ero-
sion under simulated storm intensities of 9.1 emm/hr (Packer, 1951). |
Ground cover density and size of bare openings; were the most influen-
tial site characteristics affecting overland flow and soil erosion, res-
pectively.

Dortignac and Love (1961) studied infiltration capacities of range-
lands and open ponderosa pine areas on soils derived from granitic al-
luvium in Colorado. They discovered infiltration capacities of 6.4,
4.5 and 2.9 cm/hr for pine, pine-grass and grassland areas, res-
pectively. These areas did not deviate significantly in bulk densities
but the pine area had the greatest percentage of macropore space (33%)
in comparisoﬁ with the other two areas (27%).

In open forest/range conditions in central Utah, I\zlee.uwig (1965;
1970a; 1970b) found that infiltration was normally distributed and was
influenced primarily by soil bulk density and non-capillary porosity,
and secondarily by the amount of protective cover via vegetation, litter
and stones, Surface erodibility, with and without a log normal trans-
formation, was influenced primarily by the proportion of soil surface
protected from direct raindrop impact and secondarily by soil bulk
density. Meeuwig noted that the influence of cover is greatest at high

LW, N il

~nd laacat at low bulk densitv. If protective cover excecded
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85%,- surface erosion was small, irrespective of bulk density. Litter
weight, slope and soil organic matter helped account for some of the

variance in the logarithm of surface erosion.

Meeuwig (1969) also studied infiltration and erosion on a granitic %
subalpine ridge in northcentral Idaho during suﬁmer conditions and
again found soil erosion closely correlated with the amount of exposed
soil. Infiltration capacity was not highly correlated with any single fac-
tor, but organic matter content, clay content and macroporosity at
20 cm tension together were good predictors of infiltration (R2 = . 73). 3,::,1
In southern Utah, infiltration and erodibility data from small plot @f
studies utilizing high intensity simulated rainfall indicated that areas
cleared of pinyon-juniper vegetation and seeded fo grass showed no con-
sistent increase or decrease in sediment yields or infiltfation capaci-
ties (Williams, Gifford and Cotharp, 1969). Therefore, infiltration
and erosion were not particularly affected by the treatment.
Infiltration capacities were found to range from about 3.6 to 6.6 cm/hr @
for both treated and untreated areas.
Meeuwig (1971) determined infiltration capacities for granitic L
soils with varying degrees of water repellency in western Nevada under v‘;ﬁ
open Jeffrey pine forests. He characterized different soil profile wet- gm
ting patterns with infiltration. Eight general wetting patterns were dis- 3

covered and infiltration capacities ranged from 12.0 to 0.0 cm/hr with
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Gifford (1972), in southern Idaho on gently rolling‘l:opography with
basalt derived soils, reported a trend toward lower infiltration capaci-
ties following the plowing and seeding of a big sagébrush site. He
noted especially during the second year following treatment that infil-
tration capacities decreased from 4,4 cm/hr in the spring to 3.5 cm/
hr in the summer to 2. 6 cm/hr in the fall, These changes probably
represented normal seasonal fluctuations and the influence of land
management, Gifford (1972) further found that the ability to predict in-
filtration using cover characteristics in multiple regression equations
varied with time, both within a given rainfall event and on a seasonal
basis.

Blackburn (1975) studied infiltration capacities and sediment pro-
duction of 28 plant communities and associated soils in central and east-
ern Nevada. Infiltration capacities and erosion rates varied consider-
ably both within and between communities. He found that infiltration
was directly related to organic matter, sand sized particles, surface
horizon thickness, plant and litter cover, slope and surface roughness.
Furthermore, infiltration was inversely related to bulk density, silt
and c‘lay sized particles, moisture content, bare ground and sediment
production. A vesicular surface horizon ncar ficld capacity was found

produce more sediment than initially dry surface soils.

Campbell, Baker, Ffolliott, Larson and Avery (1977) investi-
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ponderosa pine forest in northcentral Arizona. They obtained infiltra-
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tion data using Meeuwig's (1971) infiltrometer. They discovered infil-
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tration capacities of 6.9, 3.7 and 2.6 cm/hr for unburned, moderately
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burned and severely burned areas, respectively. The reduced infil-
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tration capacities caused soils to erode and increase water yields.
Runoff was eight times greater on severely burned than on unburned
arcas during heavy autumn rains, The following year after the wild-
fire, water yields from the burned watersheds were 3.1 to 3. 8 times
greater than the unburned., These differences decreased substantially
in subsequent years.

Balci (1968) studied soils sampled under Douglas-fir stands lo-
cated on similar parent materials in eastern and western Washington.
Laboratory simulated rainfall showed that eastern forest soils were
45% more erodible than western Washingtoh soils. The differences in
soil properties were attributed to climatic influences on litter produc-
tion and litter decomposition and incorporation into the soil.

Soil wettability characteristics were investigated for six years
following a wildfire in the High Cascades of Oregon on volcanic ash-
cinder-pumice derived soils (Dyrness, 1976). Infiltration capacities
for unburned areas were three times greater than that for soils in
burned arcas caused by water repellency in burned soils. The recovery

of infiltration capacities was not pronounced five to six years after the

- e »
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Mattison (1978) studied the sediment potentials of various ecolo-
gical land units in central Oregon during two éurnmers. In non-forest
areas a high natural variability in sediment production tended to over- |
ride any differences caused by management treatment, However, sig-
nificant differences were associated with soil (‘)r ecological condition

differences,

Logging Related Investigations

Very few studies have examined infiltration capacities and sub-
sequent surface erodibility related to timber harvesting activities.

This is particularly true for the Pacific Northwest conditions. Here,
slopes of 20 to 80% and portability of equipment are major drawbacks
for infiltration studies.

From the Southeast and under loblolly pine forests, Hatchell,
Ralston and Foil (1970) indicated that infiltration capacities were re-
duced by 78, 89 and 90% for secondary skid trails, primary skid trails
and log decks, respectively, when compared to undisturbed arcas, Al-
though bulk densities ranged from .92 to 1, 14 grn/t:m3 for the surface
compaction treatments, they found compacted forest soils slow to re-
cover from severe disturbance,

In the pine region of California, Munns (1947) recognized that

logging can damage infiltration through soil compaction. Here, tractor



~ion  and bulk density of soils from undisturbed, lightly burned and

cverely burned areas. Severe burning was found to reduce permea-

“Iso found bulk densities unchanged for all treatments, while macropore

~ails covered 25 to 40% of the logged areas and reduced infiltration
-apacities by 75%.

In southwestern Washington, Steinbrenner (1955) collected soil
amples from skid trails occupying 26% of a tractor logged area for a
‘aboratory investigation of infiltration. He fou_ﬁd that under dry, sum-
ner soil conditions, four trips with a tractor over the same site re-
Juced the infiltration capacity of that site by 80% and reduced the mac-
~oporosity by half. One trip with a tractor over a site under moist .soiI
onditions could be equated with four trips when the soil was dry.

In a similar study in Washington, certain physical properties of

n undisturbed area, a tractor cutover unit and skid trails were com-

ared (Steinbrenner and Gessel, 1955). The tractor yarded cutover
rea had a 35% decrease in permeability, a 2, 4% increase in bulk den-
ity and a 10% decrease in macroporosity in comparison with the con-
rol. The skid trails showed a 93% loss in permeability, a 15% in-
‘rease in bulk density and a 53% loss in macropore space,

In the western Cascades of Oregon, Tarrant (1956) studied the

‘fect of slash burning on permeability, macroporosity at 60 cm ten- -

il* markedly, while light burning did not seriously alter the soil. He

o v Sl ey s i i s, o A



Tackle (1962) examined infiltration capacitics on undisturbed,

scarified, broadcast burned and tractor skid trail areas in northern
Montana on soils derived from shale. His five years of record indi-
cated that immediate and variable reductions in infiltration capacities
occurred on scarified, broadcast burned and ékid trail surfaces, He
noted that improvement in infiltration can be expected within a few
years except on soil surfaces that have been excessively compacted.

A high intensity simulated rainfall was applied to logged and un-
logged plots with 47 to 74% slope in central Idaho on granitic soils and
.wo different exposures (Bethlahmy, 1967). Infiltration capacities of
4.8 and 8.4 cm/hr were found for logged and unlogged aréas on the
southwest exposure, respectively. For the northeast exposure, infil-
tration capacities of 11.2 and 10, 2 cm/hr were determined for logged
and unlogggd sites, respectively. After performing a log normal trans-
formation on the erodibility data, Bethlahmy (1967) found surface ero-
sion on the southwestern exposure 18 and 14 times greater than on the
northeastern exposure for logged and unlogged arecas, respectively.

In western Montana on 20 to 35% slopes with soils formed on sedi-
mentary parent materialunder western larch and Douglas-fir, Packer and
Williams (1976) found that soil erosionof logged and burned areas was re-
lated more to the amount of total protective cover and the magnitude of cli-

matic events than to other measured site factors., Prescribed burning was
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This impairment of watershed conditions and increases of runoff and
erosion were noted to be temporary with recovery occurring within a
few years.

Mattison (1978), in central Oregon's ponderosa pine and Douglas-
fir covered topography, discovered tractor logging to cause significant
increases in sediment loss. Surface erosion from undisturbed sites
ranged from 0 to 73 kg/ha, while erosion from a tractor yarded area
ranged from 218 to 2995 kg/ha and erosion from a burned slash pilel
ranged from 85 to 19000 kg/ha.

Based on the literature reviewed, some cohclusions can be made.
Infiltration capacities are highly variable and affected by a large num-
ber of factors. In particular, compaction and severe burning can
greatly decrease infiltration capacities. Surface erodibility data are
also highly variable, and as measured by rainfall simulators, a.,re often
characterized by skewed distributions, The amount of exposed mineral

soil is the primary factor influencing surface erosion,




DESCRIPTION OF THE STUDY AREAS
Location

Two study areas, the Coyote Creek Watersheds and the Hi-15
Watersheds, were utilized for field measurements. The Coyote Creek
Watersheds are located in the South Umpqua Experimental Forest ap-
proximgtely 65 km southeast of Roseburg, Oregon, at the head of
Coyote Creek, a tributary of the South Umpqua River (Figure 1). Four
contiguous, experimental watersheds, ranging in size from 48, 6 to
69. 2 ha, encompass this study area., The watersheds have well-defined
boundaries except in several small areas and have an east northecaster-
ly aspect ranging from east southeast for Watershed 1 to north fm.-
Watershed 4. Elevation varies from 730 to 1065 m above mean sea
level,

The Hi-15 Watersheds include three experimental watersheds
located in the H.J. Andrews Experimental Forest about 72 km east of
Eugene, Oregon (Figure 2), The watersheds range in size from 12,8
to 22,0 ha and have a cast southeasterly aspect. Elevation of the water-~

sheds ranges from 855 to 1050 m above mean sea level,
Climate

The climate of the two study areas is influenced primarily by the
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Figure 1. Coyote Creck Watersheds, South Umpqua Experimental
Forest, Oregon.
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relatively mild winters and dry, warm summers, Occasionally, the
temperature reaches extreme lows of -18°C in the winter and highs of
38°C for the summer. The mean January and July temperatures for
the Coyote Creek and Hi-15 Watersheds are approximately 1. 1°C and
17.3°C, respectively (Rothacher, Dyrness and Fredriksen, 1967;
Fredriksen and Rothacher, 1973).

The mean annual precipitation for the Coyote Creek and Hi-15
Watersheds is 123 cm and 234 cm, respectively. Approximately 80 to
87% of the annual precipitation falls in the October to March/April peri-
od for both study areas (Rothacher et al., 1967; Harr, Fredriksen
and Rothacher, 1978). Most winter storms are of long duration, low
to moderate intensity rainfall and are associated with low pressure
areas originating over the ocean, Typical winter storms consist of two
to three days of low intensity rainfall and several additional days of in-

termittent rainy periods, Winter precipitation intensities average about

0.3 cm/hr and may reach intensities of 0.6 to 1.3 em/hr (Rothacher g "3
et al., 1967). 1
Although most precipitation occurs as rain, light to moderate '
accumulations of snow, particularly at higher elevations, are common {F
s s

to both areas. At Coyote Creek, an occasional snowpack may remain ﬁ
for a month, but in most years snow usually melts within one to two é

D B
e SR L

IPersonal communication, R. Fredriksen, 1978, Pacific Northwest
- Teneriment Station, Corvallis, Oregon,
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weeks and melting is associated with prolonged rainfall (Harr et al.,
1978). For the Hi-15 Watersheds, snowpacks commonly remain one to
three months,

Summer precipitation is low for both study areas but irregular,
high intensity, short duration storms do occur on the Coyote Creek
Watersheds. Richlen (1963) calculated that rainfall intensities of 4.1
cm/hr can be expected on the South Umpqua Forest for periods of 15
minutes with a 25 year recurrence interval., From precipitation data
on Watershed 2 and during the late spring of 1977, a storm lasting five

o ten minutes had an intensity of 8.0 cm/hr. 2

Geology and Soils

The Coyote Creek Watersheds are underlain by the Little Butte
Formation laid down during the upper Oligocene to lower Miocene
Epochs (Kays, 1970). The deeply weathered volcaniclastic materials
consist of rhyodacitic pyroclastic rocks of welded and nonwelded ash-
flow tuffs with basalt common on ridges (Kays, 1970). Although many
smooth and uneven side slopes are present, the latter includes benches’
and poorly developed external drainage patterns that provide evidence
of past and present mass erosion processes (Swanston and Swanson,

976; Swanson and Swanston, 1977). Slopes range from 20 to 80% for

Coyote Creek.

™

Twadriksen., 1978. Pacific Northwest
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The four Coyote Creek experimental watersﬁeds contain a mix-
ire of soils derived from basalt and red and green breccias, agglo-
icrates and tuffs with scattered rhyolitic breccia and agglomerate
oils (Appendix A). Basalt soils, Freezener and Coyota, dominate
“atershed 1 with scattered Vena soil, r‘nyolite.derivcd, also occurring,.
he Freezener soil is a moderately permeable, well-drained loam with
clay loam subsoil. The Coyota soil is similar to Freezener, but is
allower and gravelly. Vena is a shallow, moderately rapid perme-
le, well-drained gravelly loam.

Watershed 2 is comprised of mostly red breccias and agglomer -
‘¢ .rived soils, Dumont and Straight, with some Freezener and
oyota. The Dumont soil is a moderately permeable, moderate well-
‘ained silt loam with a clay loam/clay subsoil, Straight is a shallow,
‘ll-drained gravelly loam with moderately rapid permeability.

Green breccia, agglomerate and tuff derived soils, Deatman,
ves and Fives variant, occupy most of Watershed 3 with areas of
‘cezener and Dumont. The Deatman soil is a shallow, moderate to
nidly permeable, well-drained gravelly loam with a gravelly clay
1 subsoil, Fives is a moderately permeable, well-drained loam
th a clay loam subsoil. The Fives variant soil is a poorly-drained
<y loam with slow permeability and a clay subsoil.

Vatershed 4 is dominated by Dumont and Straight soils with some

‘cen breccia soils also present,
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The Sardine Formation from the middle to upper Miocene Epoch
consists of andesitic and basaltic lava flows (Cascade Andesites) and
underlies the Hi-15 Watersheds (Peck, Griggs, Schlicker, Wells and
Dole, 1964; Swanson and James, 1975). During the late Pleistocene
Epoch, mountain glaciation sculptured portioné of this area and left gla-
cial deposits of basic igneous materials (Stephens, 1964). Mostly
smooth and uneven mountain side slopes are present on the Hi-15 area
with some benchy areas indicative of past mass movements (Swanson
and James, 1975). Slope gradients of 20 to 70% are typical of this area.

Two andesite derived soil series cover most of the Hi-15 Water-
sheds (Appendix A)., The Carpenter soil is a moderately permeable,
well-drained gravelly sandy loam with a gravelly loam subsoil. Blue

River is a moderately permeable, well-drained gravelly loam.
Vegetation

The Coyote Creek study area lies within the mixed conifer zone
(Minore, 1972; Franklin and Dyrness, 1973; Minore, Carkin and

Fredriksen, 1977). Here, Douglas-fir (Pseudotsuga menziesii (Mirb.)

Franco) of the more mesic regions to the north and west is the dominant

species and is intermingled with ponderosa pine (Pinus ponderosa

Laws. ), sugar pine (Pinus lambertiana Dougl. ) and incense cedar

(Libocedrus decurreus Torr.) characteristic of warmer, drier sites.

Within the Coyote Creek Watersheds, other habitats contain western




hemlock (Tsuga heterophylla (Raf,) Sarg.), grand fir (Abies grandis

(Dougl. ) Lindl,), big leaf maple (Acer macrophyllum Pursh) and Pa-

cific madrone (Arbutus menziesii Pursh). Prior to timber harwvesting,
both age class and density of the overstory varied considerably between
and within watersheds (Fredriksen and Rothacher, 1973).

Understory vegetation consist primarily of salal (Gaultheria

shallon Pursh.), sword fern (Polystichum munitum (Kaulf, ) Presl. ),

bear grass (Xerophyllum tenax (Pursh) Nutt.), long-leaved Oregon

grape (Berberis nervosa Pursh. ), kinnikinnick (Arctostaphylos uva-

ursi (L. ) Spreng.), snowberry (Symphoricarpos albus (L. ) Blake),

chiquapin (Castanopsis chrysophylla (Dougl.) A.DC. ), Hooker's fairy-

bells (Disporum hookeri (Torr.) Nicholson), Oregon bedstraw (Galium

oreganum Britt. ), false Solomon's seal (Smilacina racemosa (Bak.)

Nutt.) and white-veined wintergreen (Pyrola picta J.E. Sm. ). Vine

maple (Acer circinatum Pursh. ) is commonly found z2long the streams

and rhododendron (Rhododendron macrophyllum G, Don.) is scattered

sparcely throughout the area. Cutover, thinned or bordering undis-

turbed areas contain Oregon grape (Berberis aquifolium Pursh. ), snow-

brush (Ceanothus velutinus Dougl. ex Hook.), evergrcen blackberry

(Rubus laciniatus Wild, ), little wild rose (Rosa gymnocarpa Nutt. in T.

& G,) and grasses (Graminae family),
The Hi-15 area is in the western hemlock habitat zone (Rothacher,

at al 1967: Franklin and Dyrness, 1973). Overstory tree species are
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old-growth Douglas-fir, approximately 150 years old, intermixed with

western hemlock and western red cedar (Thuja plicata Donn.). Noble ‘.zg-i_:f;

fir (Abies proceraRchd.), silver fir (Abies amabilis (Dougl.) Forbes) and

Pacific yew (Taxus brevifolia Nutt, ) also occur in this area. Under-

story vegetation consist predominantly of rhododendron, long-leaved

Oregon grape, bear grass, red huckleberry (Vaccinium parvifolium

Smith),. vine maple, Pacific dogwood (Cornus nuttallii Audubon), chin-

quapin and vanilla leaf (Achlys triphylla (Smith) DC.,). Oregon grape,

evergreen blackberry, snowbrush, grasses, kinnikinnick and pine-mat

.anzanita (Arctostaphyl_o_s_ nevadensis Gray) occupy cutover, thinned

and bordering undisturbed areas.

Watershed Treatments

On Coyote Creek, a permanent road system was constructed to
provide access for logging during the summer of 1970. By October 1,
1970, road cutbanks and fillslopes were seeded, mulched, and fertil-
ized and all road construction operations completed.

Several timber harvesting treatments were tested on the Coyote
Creek Watersheds, Timber harvesting began in May, 1971, and all
logging was completed by late September of the same year.

In W.atershed 1, approximately 1.8 million board feet of timber

or 50% of the total basal arca were removed through light shelterwood
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tered throughout the watershed, were constructed to tractor land-

and were scarified and water-barred after use. Cull logs and tops

e left where they fell. Percentages of soil disturbance for Water-

d 1 are given in Table 1.

Watershed 2 contains 20 small clearcut patches ranging from 0.7

.4 ha in size and comprising 30% of the total area. Slightly over

~ million board feet of timber were harvested from this watershed.
f of the clearcut patches were logged by a D7 tractor, while the

~er half, those on steeper slopes, were logged by a mobile, high-

=d -ble system. In the tractor logged units, all slash was piled by

.ctors with a brush blade and later burned. Cull logs and slash were

:o burned in the high-lead logged units., Table 1 provides soil dis-

hance percentages for both tractor and cable logged portions of

‘ershed 2. The leave-strips between the patch-cuts, 70% of Water-

1 2, were unlogged and undisturbed.

t Watershed 3 was clearcut, with 5.4 million board feet of timber
' ing been removed. After spur roads were constructed, 77% of the
l' “rshed was clean-logged with a high-lead cable system. To be

' in-logged, all material over 20 cm in diameter or 2.4 m in length
)

I- yarded to a high-lead landing. In the remaining arca (23%), most-

he 'lower portions of Watershed 3, D6 and D7 tractors were used to

! logs and then pile slash in windows.

Both windrowed slash piles
)

(T

~ ~w~aas were burned, along with slash piles on
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tershed 2, two years after harvesting had been completed. For the
ctor windrowed slash and cable logged areas of Watershed 3, per- -

at soil d-isturbance is in Table 1. \

No cutting or other activities have taken place on Watershed 4
aving it an undisturbed control watershed.

In March, 1970, before road construction or logging, Watershed
was fertilized with 224 kg of urea per ha applied aerially to deter-
ine the amounts and forms of nitrogen entering streams (Moore, 1970;
redriksen and Rothacher, 1973; Fredriksen, 1977). Also, Water-
ner” 3, many of the patch clearcuts of Watershed 2 and certain areas
" Watershed 1 were stocked with two-year old Douglas-fir during the
oring of 1972 with varying degrees of establishment and survival suc-
~ss (Fredriksen and Rothacher, 1973). During a 1976 seedling sur-
©y, stocking was considered adequate on all logged wa’ce-rsheds
~linore, Carkin. and Fredriksen, 1977).

On the Hi-15 experimental watersheds, a system of permanent
vads was constructed during the spring of 1974 to provide logging ac-

2ss, Several timber harvesting treatments were utilized with logging

A
b
i
K-

ccurring during the summer of 1974 and completed by early Septem-

Nyt v g ey

Watershed 6, containing a basal area of 400 square feet,was to-

tlly clearcut. 3 Approximately 907 of the area was logged by a

--=icatinn. R, Fredrikscn, 1978, Pacific Northwest
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portable, high-lead cable system. The remaining ridge-top area was

tractor logged with D4 and D7 tractors. Spur roads were constructed

to facilitate tractor and cable yarding. In the tractor yarded area,
slash was piled and then burned, spring, 1975. Cull logs and slash
found throughout the cable clearcut area were also burned. The rela-
tive amounts of soil disturbance and compaction are shown in Table 2,
In Watershed 7, timber was removed through shelterwood har-
vesting., The lower one-third of the total area was high-lead cable

logged with the remainder being tractor logged with D4 and D6 tractors.

All cull logs and tops were left where they fell with one exception.
Near the bottom of the cable unit a slash pile was established and later
burned. Spur roads and skid trails were scattered throughout the trac- By 17
tor area, while one spur rcad was constructed along a ridge to the
cable landing area. Table 2 provides soil disturbance and compaction

percentages for the tractor and cable treatments of Watershed 7.

sl s e B B 15

Watershed 8 was unlogged and is the undisturbed control water-

£ AN e e

shed. Small areas between and adjacent to Watershed 6 and 7 have had

T SRR AT TAE IR T T 20 g

no activity and are undisturbed.
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able 2. Percent soil disturbance and compaction on the Hi-15 Water-
sheds following several methods of timber harvesting. 2

Watershed 6 Watershed 7

Jdisturbance (Clearcut)€ (Shelterwood)€
CategoryP Tractor Cable Totald . Tractor Cable Totald
Undisturbed 47 64 62 38 69 48
Disturbed

Light 11 6 7 4 3 4

Medium 15 11 12 24 16 21

Heavy 28 9 12 30 3 21
Coinpacted

Light 4 4 4 6 6 6

Medium 21 12 13 21 14 - 23

Heavy 29 10 13 25 2 17
Totals® 155 116 123 154 113 140

-2 Personal communication, M. McCorison, 1978, Pacific Northwest
I'orest and Range Experiment Station, Corvallis, Oregon.
l
U The terminology used is a modified adaptation of the Dyrness (1965)
surface classification system.

|
 ¢'"Tractor' and "Cable" refer to yarding mecthods.

l .
'dTotal values were obtained by weighting tractor and cable percentages
by the percent of area logged by each method.

“Cce.umns do not total 100% because disturbed areas may also be com-

pacted,
)
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METHODS AND MATERIALS

Field Methods

umpling Procedure

Similar field procedures were followed at both the Coyote Creek
nd Hi-15 Watersheds. On Coyote Creek, field investigation began in

;arly July, 1977, and was finished by early September. Field work on
‘he Hi—15 area was accomplished within early to late September. Be-
cause of the documented increased peak flows, sedimentation and mass
movement on the Coyote Creek Watersheds (Fredriksen and Rothacher,
1973; Swanston and Swanson, 1976; Harr et al., 1978), they were
more intensely sampled than the Hi-15 Watersheds. The Hi-15 Water-
shed treatments were used for comparison and as replication in the
final statistical analysis,

Sampling was stratified by treatments--shelterwood harvested,
cable logged, tractor logged | or windrowed slash and undisturbed.
Within each treatment, sampling locations were randomly located
within the constraints of accessibility as determined by time and the
magnitude of the study.

After sampling locations were randomly located on aerial photo-
craphs, the sampling sites were found on the ground with a detailed

‘~~~oranhic map. If a site fell upon adverse terrain (stumps, rock
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outcrops, down timber, etc.), it was moved to the first favorable ter-
rain site closer to the road. Site location distances from the road
varied from about 15 to 240 m as a result of the variable terrain and
slope conditions,

At each sampling location, two infiltratién plots were established.
Infiltration capacities and soil erodibility were measured on each plot.
Detailed site information was obtained for only one of the plots, leav-
ing the paired plot relatively undisturbed except for the infiltration and
erodibility determination. The paired plot location is described later.

This paired plot approach has the advantages of remeasurement
of infiltration and other site data during the fall months when soil mois-
ture levels are high and of providing an estimate of variance for a giv-
en site. For Coyote Creek, fall remeasurement of infiltration capaci-
ties, soil erodibility and other data took place during mid-November,
while fall data collection on the Hi-15 Watersheds occurred in early
December.

To adequately define treatment effects at Coyote Creek, 16 sam-
pling locations, each with a pair of infiltration plots, were randomly
established within each treatment, with all treatments having an equal
number of samples (Figure 3). The number of sampling locations is
based upon preliminary infiltration data collected in late June, 1977,

on the study watersheds and statistical advisement, 4

4™ wcanal communication, Dr. Roger Peterson, June, 1977, Statistics

.

termaweity Corvalliec Orecon




ey G bt i e AN caly

V atershed 1
Shelterwood

Y/

-—

f Watershed 2

33 Small
~ *
»l‘ﬁ! // ClearcmsU
I o 3
i
L

-
r'e

rd .
/,—/’, - J
/'/ Vatersheg3 ;7 @61
/ tal Gie:
”I To ;;i-carcut Y 0 62
ol @
./
I, e 63
7N\,
! \
! \
I st v \
- walersic 1 \
| Undlstu.rbcd
\ |
\
0 p= 254 7 503 m
} l-it _% .a}! _{
o 417 g3g 131 4465 1

‘igure 3. Sampling locations on the Coyote Creek Watersheds,
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On Coyote Creek, all shelterwood samples were taken within

Watershed 1. From Watershed 2, 50% of all cable logged, tractor
logged or windrowed slash and undisturbed samples were collected.
The remaining 50% of all cable harvested and tractor windrowed slash
samples were collected from Watershed 3. On Watershed 4 and out-
side the lower perimeters of Watersheds 2 and 3, the remaining
undisturbed samples were taken,

Nearly all treatments on the Hi-15 Watersheds had an equal num-
ber of samples, three pairs, except for the tractor logged area on
Watershed 6 which provided confounding and inconsistent results (Fig-
ure 4). The undisturbed samples were taken from outside the lower
perimeters of all three experimental watersheds because of inaccessi-
bility to Watershed 8. The total number of sampling locations was 13

for the Hi-15 Watersheds.

Site Information

At each sampling site, percent slope, aspect, landform position
and datewere rccorded. Percent slope was determined by using a clin-
ometer, while aspect was located using a hand compass, Landform
positions were identified, consistent with the terminology used in the
U.S. Forest Service Pilot Soil Survey (Richlen, Arnold and Stephens,

19786).
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Figure 4.

Watershed 8
Undisturbed

Sampling locations on the Hi-15 Watersheds, H.J.
Andrews Experimental Forest, Oregon.
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experience, percent cover was estimated for the entire sample site
without the use of the frame.

Plant species were identified, if possible, or categorized--grass,
shrub, seedling, etc. The average depth and the constituents of the
litter layer were recorded. The square frame was then removed prior

to the commencement of the infiltration determination.

Infiltration and Erodibility Investigation

Infiltration capacities and erodibility were determined with an
infiltrometer developed by the school of Forestry, Oregon State Uni-
versity (Froehlich and Hess, 1976)., This infiltrometer is similar to
that used by Meeuwig (1971) which in turn had been based on a raindrop
producing unit developed by Chow and Harbaugh (1965). The O, S, U.
infiltrometer differs from Meeuwig's design in the leg construction,
the added water filter, and the suspended water container (Figure 5).
Munn and Huntington (1976)provided estimates for raindrop velocity and
kinetic energy per drop and rainfall volume for the infiltrometer. -

The O.S. U. infiltrometer is a rainfall simulator which applies

2 at a controlled rate (Figure

water uniformly to an arca of 3122. 6 cm
5). Runoff from the plot is caught by a collector at the downhill edge of

the application area., Infiltration capacities are determined from mea-

sured rates of application and volume of runoff (Appendix B).
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The treatment and class (undisturbed vs. disturbed—-scari‘fied,
compacted, disturbed, fire affected or a combination of these factors)
were identified at each sampling location. Since scarification of spur
roads and skid trails took place six years ago, no evidence of
any scarification was found when sample plot locations fell on
skid trails.

The degree of compaction was subjectively identified as light,
moderate or heavy. Light compaction indicated possibly one or two
passes of logging equipment or logs over a soil surface. About three
to five passages by tractors or logs were evidence of moderate com-
paction. Heavy compaction was defined as possibly more than five
passes by equipment or logs.

Disturbance classes were similar to those used by Wooldridge
(1960). Light disturbance indic-"~d disturbance to litter cover where-
by some litter was removed but the soil surface was not damaged or
entirely exposed. Removing of nearly all litter cover and soil to a
depth of 3 ¢cm and exposing the mineral soil identified moderate distur-
bance. Soil removed and exposed below 3 c¢m depths indicated heavy
disturbance..

Next, a rigid, square frame of 1000 cm? was placed over a rep-
resentative portion of the sampling site., Percent cover by live vegeta-

tion, litter, rock and bare soil was recorded. As the author gained
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Figure 5. O.S.U. infiltrometer.
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Prior to field use, the infiltrometer was calibrated and tested
for uniformity of rainfall application. Also infiltrometer needles were
cleaned, replaced and repaired as needed as were other infiltrometer
associated parts.

After placing the infiltrometer on the raﬁdoml‘y located site and
leveling the device, the infiltration plot was pre-wet with 7.6 1 of wa-
ter via sprinkler cans and allowed to soak for ten minutes prior ‘to the
start of the infiltration run. During this ten minute period, a shallow
soil pit was dug with a nearly even soil face approximately 5 to 7 cm
downhill from the infiltrometer in order to collect runoff. A trowel
was used to make a slit approximately 3 to 5 cm below the soil surface
for the insertion of a trough., The trough routed runoff into collection
cans, After trough insertion and prior to the start of the infiltration
determination, a wash bottle and brush were used to remove any loose
soil that could be detached by initial runoff. Finally, overhanging vege-
tation and litter that would facilitate runoff and/or tall vegetation that
would hinder the infiltrometer operation were frimmed with grass
shears.

The infiltration measurement began with an initial simulated
rainfall intensity of approximately 7.7 ecm/hr (3 in/hr). Although 7.7
cm/hr exceeds the usual intensities for this region, it was used so that

infiltration capacities could be determined for porous forest soils in a
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assumed that the relative comparisons of the infiltration process being
made between treatments with this procedure would be valid, even
though natural rainfall rates were not duplicated.

After thc rainfall start, the time of beginning runoff collection
was recorded. Runoff was collected in a 250 1lfnl graduated cylinder and
volumes measured in three minute intervals until a constant, final in-
filtration capacity had been attained. Constant, final infiltration capa-
city was reached when runoff was nearly constant over a sufficient
time interval (Figure 6). Although this interval was subjectively

ged, five to ten minutes were usually sufficient to determine con-
stant runoff, In many instances, the runoff measurement interval was

decreased because of a large runoff volume being collected over a
three minute period, Appendix B provides conversions for runoff and
infiltration measurements in ml/min to em/hr and in/hr.

Six to ten minutes after the initial application of rainfall and on
those plots where runoff rates were less than 2% of the precipitation
rate, a higher rate of rainfall was applied to a plot (10. 5 em/hr).

If the higher rainfall rate did not produce runoff rates in excess of
27, of the 10,5 cm/hr and after a sufficient time period, the precipi-

tation rate was increased to 14,5 em/hr. If the situation warranted

it his higher rainfall rate was again increased to the maximum

for the infiltrometer (17.8 cm/hr or 7.0 in/hr). After gaining experi-
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ecxamination, the author was able to estimate with what precipitation
rate to begin the infiltration determination.

If constant, final infiltration capacities were not attained even at
high rates of moisture application ringed infiltromete-rs were used to
identify the infiltration capacity with three rings used per plot. Ringed
infiltrometers were used in only two instances., The time necessary to
reach constant, final infiltration capacity with the infiltrometer ranged
from 9 to 20 minutes for most sites (Figure 6).

The relative surface erodibility of each site was assessed by
determining the sediment concentration and yield in the runoff water
“rom infiltration runs, Although plot erosion may exceed that which
occurs during natural rainfall events, the relative rates of erodibility
for each site can be indexed by this procedure (Bethlahmy, 1967;
Meeuwig, 1969; 1970a; 1970b; Blackburn, 1975). Following each run-
off collection and volumetric measurement, the runoff was composited
in a bottle for later analysis.

During the infiltration determination, the paired plot location
was randomly chosen., It was selected by designating one end of a
piece of woody debris as a pointer. Then the debris was tossed into
the air with a spinning motion, After the debris had fallen and was
resting on the ground, the pointer indicated a certain direction. The
naired plot was located approximately 2 m in the direction indicated

away from the original site location. If the plot location landed on
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dverse terrain (stumps, down timber, large logging debris, rock out-
‘rop), it was moved accordingly.

After the infiltration capacity had been deter mined and the erodi-
yility sample collected, the infiltrometer was moved to the paired plot.
and leveled. The remaining measurements at Ithe original site location

were now completed before starting investigation of the paired plot.

Surface and Subsurface Measurements

The square frame was now replaced on the representative por-
tion of the plot. Surface litter, now wet from the previous infiltration
run, was collected, placed in labeled, plastic bags and the bag num-
ber recorded. Live vegetation and pieces of dead organic matter larg-
cr than 1 em in diameter or 10 c¢cm long were not collected.

A soil pit was dug approximately in the middle of the sampling
plot and was as deep as the wetting front, typically 30 to 46 cm deep.

A soil profile description was made using guidelines in the Soil Survey
Manual and in Soil Taxonomy (Soil Conservation Service, 1967; 1975),
and identified by soil series (Stephens, 1964; Richlen, Arnold and
Stephens, 1976). After the author was able to recognize all needed soil
series and sufficient representative soil profiles had been recorded,
profile description and characterization were discontinued except for
occassional note taking. Using existing soil profile descriptions for

~~~h ctudv area (Stephens, 1964; Richlen, 1973; Richlen, Arnold and
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‘ephens, 1976) and field information, reprcsentative soil profiles

cre developed for each soil series. Soil profile descriptions for each
5il series found on the Coyote Creek and Hi-15 Watersheds are in-
luded in Appendix A,

Characterization of surface and subsurface macropore space was

yade for each soil pit by a portable air bernleameter, similar to thé
ne used by Steinbrenner (1959). Prior to insertion into the soil, the
:r permeameter soil tube was held against an object having no macro-
ore space and the backpressure gauge was adjusted by the regulator to
<ad full scale. The full scale backpressure reading was 15 Ibs/in?
103,400 Pa) as dictated by the gauge being used.

The soil tube was now inserted into the soil and the pressure
-alve was depressed which shot a pressurized gas into the test soil secc-
‘on. Depending on the amount of non-capillary pore space and mois-
ure content, a backpressure reading was obtained. When calibrated

-ith different soil samples of varying moisture contents and macropore

-pace, this backpressure reading should index the percent of macro-

ore space (Steinbrenner, 1959).

s sy

oy e

et

JPREUR 5 TR Ty



44

Using this procedure, the soil surface and subsurface to the bot-
tom of the soil pit were characterized by air permeameter readings. i
The depth at which the ma.ximum reading was located was recorded as
was the backpressure reading, and this was considered the most im-
permeable soil layer,

For each soil horizon, the unconfined compressive strength was
measured with a pocket penetrometer. After the preliminary data col-
lection period at Coyote Creek, the pocket penetrdmeter usage was dis-
continued because of the extreme variability of readings associated with
forest soils,

Relatively undisturbed soil samples were now taken. Moist, soil
surface and impermeable soil layer samples were obtained for deter-
minations of bulk density, moisture content and particle size distribu-
tion, If the impermeable soil layer occurred at the soil surface, a sub-
surface soil sample was taken for substitution of the impermeable lay-
er sample, Another impermeable soil layer sample was obtained for
use il".l soil moisture-tension tests, and for a total porosity and bulk
density calculation.

The soil samples were obtained by using an impact type bulk den-
sity sampler. The sampling instrument employed a brass retainer
ring, 6 cm x 5.4 cm in diameter, fitted inside a stainless steel cutting

ylinder, Brass spacer rings were fitted both above and below the soil
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fainer ring. Both Ranken (1974) and Yee (1975) found this type of
ipact sampler to give satisfactory results,
To obtain an individual sample, the sampling tool was hammered
o the soil. The soil sample, held in the brass retaining ring, was
2ed from the soil by inserting a trowel undex:neath the cutting edge
1d removing the sampler. This procedure insured that none of the
il fell or was pulled from the retainer ring, Certain soils, being
v, rocky or extremely hard, were difficult to sample using this
‘thod,
After the sampler was extracted from the soil, the retaining ring
‘th the soil was removed from the sampler. Excess soil was
‘mmed from the ends of the sample with a pocket knife. If large
mes or roots were observed in the sample, the sample was discard-
and another taken,
For soil samples to be used in bulk density, moisture content
d particle size distribution determinations, the soil was pushed from
retainer ring into a labeled soil can, the soil can covered and taped
prevent evaporation and the can number recorded. For the samples
be tested for soil moisture-tension characteristics, a double layer of
cesecloth was placed over one end of the retainer ring and secured
‘h  rubber band, A piece of plastic was placed over the other end

! also secured with a rubber band. The retainer ring was now placed
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into a small, labeled, plastic bag to reduce evaporation and trans-

ferred into a soil can for transport.

Paired Plot Investigation

After completing data collection on the driginal site location,
equipment and gear were moved to the paired plot. From initial site
information to infiltration capacity determination and erodibility col-
lection, the same procedures were followed on the paired plots as
were followed on the original site locations. The soil was briefly des-

bed or identified given the shallow soil pit used for runoff collection.
Miscellaneous observations and comments were recorded. Before
moving to the next sampling location, stakes were installed to facili-
tate plot location in the fall for remeasurement of infiltration capaci-
ties and other data.

Approximately 2.5 to 3 hours were required Lo complete data col-
lection at each sampling location. Therefore, only three to five sites

were completed per day.

Laboratory Analysis Methods

Oven Dry Litter Weight

When brought from the field, litter samples were removed from

the nlaetic bags and allowed to air dry. After air dryihg, any rocks,
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> vegetation or large organic debris were removed, The litter
nples were then oven dried at 105°C for 24 hours and weighed imme-
itely upon removal from the oven, Litter mass per 1000 cm? was

mputed and converted into kg/ha (Appendix B).

1rbiditz

Erodibility samples were analyzed for turbidity before determin-
1z suspended sediment concentrations. To resuspend colloidal materi-
, cach bottle was stirred and shaken thoroughly 24 hours before test-
2. ’rior to testing, the samples were gently stirred to insure ade-
iate mixing, with care being taken not to create air bubbles that
nuld influence readings.

Two representative samples, 25 ml/sample, were extracted from
ich erodibility bottle and analyzed on a Hach Model 2100A Turbidime-
‘r using the 0 to 100 ntu (nephelometric turbidity units) scale and a
'rmazin standard. Appropriate dilutions were made and an average

rbidity calculated from the duplicate samples,

ispended Sediment Concentration

Erodibility samples were now analyzed for suspended sediments

sin_ . filtration technique. Each bottle was reagitated and approxi-

«

ately 150 ml of sample filtered, After filtering, the sediment-con-
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and weighed immediately upon removal from the oven. This procedure
was employed for the entire volume of each erodibility bottle, with the
final filtering process containing the distilled water rinse of each bot-
tle. Oven dry tare weights of the filter paper had been obtained prior
to filtering.

Suspended sediment concentrations (mg/l) were obtained for each
portion of the erodibility bottle filtered. After all sediment concentra-
tions had been computed for an individual bottle, a weighted average
was calculated. Using the weighted average sediment concentration,
to. . runoff collected and total runoff time, sediment yield (kg/ha/hr)

was determined for each erodibility sample (Appendix B).

Oven Dry Soil Weight

Soil cans, containing surface and impermeable layer or subsur-
face soil samples, were weighed when brought from the field. Next,
they were uncovered and oven dried at 105°C for 48 to 72 hours. Upon
~emoval from the oven, the cans were covered, allowed to cool to
room temperature and weighed. Prior to the field study, soil can
tare weights had been determined. Bulk density (gm/c1n3) and soil
moisture content by volume (%) were then computed (Appendix B), Each
so. sample was placed into a small paper bag and retained for particle

size analysis.
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il Porosity Measurements

The impermeable layer soil samples, in plastic bags, were
aced in cold storage (4°C) immediately upon returning from the field
1d kept moist until ready for laboratory use, . The cold storage re-
rded biological activity which might have altered the hydrologic char-
‘teristics of the samples.

Prior to laboratory analysis all samples were removed from cold
orage and allowed 24 hours to equilibrate with room temperature.
groups of 24, the soil sample retainer rings were removed from the
-stic bags and submerged approximately 8 cm in containers filled
th deaerated distilled water for saturation. The samples were then

owed to stand for 24 hours to ensure complete saturation and mini-
ize entrapped air,

The saturated weight of each sample was now determined using
|

|
' nken's (1974) C-clamp apparatus (Figure 7) in order to calculate to-

'! porosity (Appendix B). Following satur-ation, each sample retainer
1
12 was placed in the C-clamp underwater and sealed by clamping the
‘vice. The clamp and sample were then removed and dried. The
urated weight of the sample was recorded as the weight of the sam-

and clamp, Later, tare weights of the retainer ring, cheesecloth,

'ber band and clamp were subtracted from the total weight to give
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the saturated weight of the soil samples, After every weighing, each
sample was replaced back into the water-filled container to maintain
saturation.

Ranken's (1974) tension tables (Figure 8) were used to determine
the soil moisture characteristics of each soil éample in order to calcu-
late non—cé.pillary pore space (Appendix B). After deaerated distilled
water was added to each tension table to cover the screen, a 36 cm x
51 cm sheet of white blotter paper was lowered into the water., After
the blotter paper was in place, the outlet tubing clamp was released
¢ . excess water on the table allowed to drain, Next a Hard rubber
roller was used to smooth out the wrinkles in the blotter paper. This
procedure was necessary to ensure a tight seal between the paper and
table, and to keep air from entering the system.

With the tension tables prepared and having a capacity of 24 re-
tainer rings, saturated soil samples from the water containers were
quickly transferred to the blotter paper. When all samples had been
placed on the blotter paper, the top of the tension table was sealed with
tape to reduce evaporation. The tension applied to the surface of the
blotter paper was controlled by an overflow reservoir of water connect-
ed to the table with tygon tubing. The outflow of the reservoir was first

ced at 10 cm below the midpoint of the samples and the outlet tubing

clamp released. The samples were then allowed to equilibrate with the
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red 48 hours to equilibrate with 72 hours allowed for equilibration
sher tensions.

When apparent equilibrium had been reached, the outlet tubing

clamped. Each retainer ring was removed, any condensation

»d off and the 10 cm weight of the sample was determined, The
ples were temporarily stored on moist paper towels while the other
ples were being weighed and the table was prepared for the next
s5ion, as previously stated. The retainer rings were then replaced,
table top sealed and the reservoir lowered to the 30 cm level.

. ¢ ~le of increasing tensions and weighing of soil samples was re-
=ted for tensions of 60 cm and 80 cm.,

When the retainer rings had been weighed after 80 cm tension
uilibrium, the soil was removed from the retainer rings and placed
soil cans. Loose soil from the cheesecloth was also added to the
il cans. The cans were then oven dried at 105°C for 48 hours and
ighed. The retainer ring, cheesecloth and rubber band for each
mple was oven dried for two hours and weighed to determine the tare
ight. Total porosity, macroporosity and bulk density were now cal-

lated for these samples (Appendix B).

Data Analysis

One-way analysis of variance for completely randomized design

'--~ta treatment effects on infiltration capacity and
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rface erodibility for the two study areas. T-tests were also utilized
evaluate differences between treatments. One-way analysis of va.ri-
ice for a nested design was used to determine differences between the

vo study areas and their combined effects on infilfration and surface
rodibility.

A completely randomized block design for blocking treatments
-nd soil series or parent materials was not used in the data analysis
hecause not all soil series or parent materials appeared on each treat-
ment. Blocking of those soil series or parent materials that did occur
on every treatment would have resulted in small sample sizes, prob-
lems in deciding which sites to include in the analysis and possibly er-
roneous results, Furthermore, the variation of infiltration capacities
and surface erodibility within soil series or parent materials may also
he great and create large amounts of unwanted variance,

Paired t-tests were used to compare original and paired plot in-
filtration capacities and surface erodibility, Summer to fall compari-
sons of various parameters for only those sites sampled in the fall and
taken collectively, were evaluated with paired t-tests. The statistical
significance of relationships between the dependent variables, infiltra-
tion capacity and surface erodibility, and the independent variables
were determined by the least squares method of regression analysis,
All hypothesis testing was accomplished at the 90% level of confidence,

If a hypothesis test was also significant at the 99% confidence level, it
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RESULTS AND DISCUSSION

Treatment Characteristics

Data obtained during the summer and Eal} of 1977 for this study
re shown in Appendix C,

Sampling locations in Watershed 1, tractor shelterwood harvest-
d, on the Coyote Creek Watersheds had slopes ranging from 13 to 52%
‘ith a mean slope of 32%. Nearly 56% of the infiltration plots were lo-

ated on smooth to uneven mountain side slopes. The remaining 44%

21 found on landforms associated with ridges, About 63, 19 and 18%

" the sampling sites were located on basalt, red breccia and rhyolite
~rived soils, respectively. Approximately 53% of the infiltration plots
©11 on or adjacent to skid trails with moderate to heavy compaction and
‘isturbance. Skid trail means for bulk densities, the total porosity and
macroporosities defined at 30 and 60 cm tension are nearly equal to the
verages provided in Table 3 for shelterwood harvesting. The other

"7 of the plots were found on areas of light compaction and light to
noderate disturbance. Of the 32 infiltration plots, 29 plots had a total
ercent cover, which is the summation of cover percentages for rock,
‘ter and live vegetation, of greater_than or equal to 95%. The other

ire  plots had 70 to 85% total cover. Table 3 provides the averages

})r litter thickness and mass on Watershed 1. The mean soil moisture
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le 3, Average soil and litter characteristics for the Coyote Creek
Watersheds, summer 1977.2
Treatment
Tractor

aracteristic Shelterwood Cable . Tractor Undisturbed
~face bulk 0. 930 0. 991 0.903 0.927
lensity (gm/cm3) (.13 ) (.23) (.16 ) (.09 )
Hsurface bulk 1.041 1,105 1. 046 1.064
density (gm/em3)  (.12) (.17) (.14) (.12)
stal porosity 56.8 55,0 59.0 55.5

7o ( 4.6) ( 6.4) { 5. 1) (4.9)
‘2 Hporosity at X1 15,5 12,6 19.2

50 em tension (%) ( 7.3) { T} { 5.3) (-5.8)
‘acroporosity at 20,1 18. 6 16. 6 22.4

0 cm tension (%) (7.,4) (7.2) ( 6,1) ( 5.6)
itter

thickness (cm) 4.4 8.1 3.4 6.6
‘tter
mass (kg/ha) 11509 5715 6279 15991
=mple size 16 16 16 16

Values in parentheses are standard deviations.
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racteristic curve for each treatment on Coyote Creek is illustrated
Figure 9.

On Watershed 2, high-lead, cable logged sampling sites had an

erage slope of 35%, ranging from 21 to 54%. Three-fourths of all

ces were found on smooth or uneven mou.ntaiﬁ side slopes., The other
ie-fourth were located on a saddle or in a slump basin. One-’half of

e infiltration plots were located on soils formed from red breccia.

he other plots were equally found on green breccia and basalt derived
oils. All cable logged sites were fire affected with four infiltration
lots having severely fired surfaces., About 31% of the infiltration plots
21l on or near log skid paths or landings with moderate to heavy com-
action and disturbance. Surface and subsurface bulk density, total
orosity and non-capillary pore space averages for the paths or land-
1gs are less than or equal to the total means for cable logging (Table
). The remaining 69% of the plots were located on areas of light com-
action and light to moderate disturbance, Nearly all sites had a sub-
tantial rock surface cover. Approximately 86% of all infiltration plots
ad greater than or equal to 95% total cover, while the other 14% had
btal cover ranging from 70 to 90%. The litter thickness and mass for
able logged areas of Watershed 2 averages higher than the fotal cable
1eans in Table 3, Ring infiltrometers were used in one instance. Al-
iough applicable in other cases, inadequate insertion into rocky soils

“mftad wino infiltrometer useage.
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On the cable logged area of Watershed 3, percent slope for the
impling sites ranged from 31 to 65% with 44% as average. Nearly
57 of the sites were found on smooth or uneven mountain side slopes, |
he remaining sites were located in slump basins. The sampling loca-
ions were found predominantly on green breccia derived soils (63%)
vith some sites occurring on soils formed from red breccia and rhyo-
lite parent materials (25 and 12%, respectively). Only two sample lo-
-ations were influenced by fire but they were severely affected. Four
of the 16 infiltration plots were located on log skid paths or landings;.
Th.e bulk densities for the skid paths were greater than the total cable
means while the porosity values were nearly equal to the means (Table
}). The other 75% of the plots were found on areas of light to moderate
disturba_ncé and light compaction., Only 38% of all infiltrometer plots
had total cover greater than or equal to 95%. One-half of all plots had
£5 to 94% total cover, while the remaining 12% had 47% total cover.
The litter thickness and mass averages were substantially less than the
total cable means (Table 3). Ring infiltrometers were used for one
sampling location,

Sampling. sites on the tractor logged and windrowed slash units of
Watershed 2 had a mean slope of 32%. Smooth and uneven mountain
s..c slope landforms accoun-tet.i for 63% of the sampling locations. The

remaining locations were found on a ridge top or in a slump basin.
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i
1 red breccia parent material. All plots were fire affected and oc- i
rred in areas of moderate to heavy compaction and disturbance. j
1e-half of the infiltration plots occurred on or adjacent to skid trails, :
nile the other half occurred away from skid trails., Surface and sub-
irface bulk densities and macroporosities fof skid trails were slightly
igher than the total tractor means (Table 3). Seven of the 16 infiltra-
‘on plots had greater than or equal to 95% total cover, eight plots had
0 to 94% total cover and one plot had 50% total cover. Litter thick-
css and mass averages were substantially higher than the total tractor
w-ms (Table 3).
On the tractor windrowed slash area of Watershed 3, sampling
>cation slopes ranged from 13 to 51% with 28% as the mean. The
mooth mountain side slope landform accounted for 75% of all sample
ites, The other 25% of sites were located on a ridge top. Green brec-
‘a derived soils underlaid 75% of all infiltration plots., Of the remain-
2g 25%, half of the plots were found on red breccia formed soil and
alf were found on basalt. All sites were fire affected and had moder-
‘te to heavy compaction and disturbance, Again, 50% of the infiltration
lots occurred on or adjacent to skid trails, while 50% occurred away
rom skid trails. The bulk density and porosity values for the skid
‘2ils were substantially less than the total tractor mecans (Table 3).
o plot had greater than 95% total cover, The majorily of the plots

1 En 4~ 70% total cover., The other 31% of the plots had 25 to
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7 total cover. The litter thickness and mass averages were sub-
.antially lower than the total tractor means in Table 3,

Sampling sites in the undisturbed sections of the Coyote Creek
7atersheds had slopes ranging from 21 to 60% with a mean of 36%.
‘mooth and uneven mountain side slope landfox;ms dominated sites
ound in Watershed 2 (75%). The other 25% of those sites were located
n landforms associated with ridges. On sites in Watershed 4 and
long the outside perimeter of Watersheds 2 and 3, 88% occurred on
mooth mountain side slopes with 12% on ridges. Of the infiltrometer
lots located in Watershed 2, 50, 39 and 11% of the plots were found

-1 soils formed from basalt, red breccia and green breccia parent
naterials, respectively. The other plots, chosen outside Watershed 2
nd in Watershed 4, were predominately located on red breccia der-
-ed soils (88%), while the remaining sites were on basalt derived soils
12%). All sampling locations were undisturbed or nearly so. Game
rails were found near many infiltration plots but no plots were located
)n or ifnmcdiatcly adjacent to any trails. Over 94% of all plots had
‘reater than or equal to 95% total cover. Two plots (6%) had 85% total
over. Table 3 provides mecan bulk density, porosity, litter thick-
¢ss and litter mass values found on undisturbed sampling sites,

On the Hi-15 Watersheds in the tractor shelterwood portion of

“atershed 7, sampling sites had a mean slope of 30%. Two sites were

rcated on a smooth mountain side slope landform, while the other site
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ound on an upland ridge. Andesite derived soils were found on all
here and throughout the Hi-15 Watersheds. Only one of the three
was located on a skid trail with heavy compaction and disturb-
The values for the surface and subsurface bulk densities and
»sities for the skid trail were slightly lowef than those for the total
‘tor shelterwood means (Table 4). The other two sites were found
reas of light to moderate compaction and light to heavy disturbance,
e six infiltration plots, three plots had greater than or equal to
total cover, while three plots had 55 to 90% total cover. Table 4
s litter thickness and mass averages for this treatment, The
n soil moisture characteristic curve for the tractor shelterwood
ment as well as other treatments found on the Hi-15 Watersheds
iven in Figure 10,
Sampling locations on the tractor logged portion of Watershed 6
" a mean slope of 31% and were found on an upland ridge., Both sites
¢ located on or near skid trails with modcrate to heavy compaction
disturbance. One site was also fire affected. Bulk density and
osity values are identical to those in Table 4 for the tractor treat-
nt, All infiltration plots had 70 to 95% total cover. Litter thickness
mass averages are given in Table 4,
ampling sites on the cable logged portion of Watershed 6 had a
an slope of 42%. All sites were found on a smooth mountain side

~=n fire affected and had light to moderate
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le 4, Average soil and litter characteristics for the Hi-15 Water-

sheds, summer 1977,2

Trecatment

Tractor Cable

aracteristic Shelterwood Tractor Cable Shelterwood Undisturbed

face bulk
‘ensity 0. 822 0.968 0.929 0. 741
‘m/cm3) (.09 ) (.03 )(.11) (.14

surface bulk
‘nsity 0.964 1.087 1,004 0.941

m/cm3) (.02) (.01 )(.08) (.03)
a1 porosity 63.6 60.7 62.3 61.0

) { 2,3) ( 2.3) ( 2.0) { 3.3)
croporosity

30 em 18,5 14, 8 17.9 18.1
‘nsion (%) ( 5.1) ( 3.6) ( 2.5) ( 3.7)

roporosity

60 cm 23,0 18, 4 22.8 22,8
nsion (%) ( 5.1) ( 3.3) ( 4.6) ( 2.1)
>r thick-

ss (cm) 3.1 3.0 4,4 5.6
‘r Mmass

‘/ha) 5782 1819 13542 23404
ple size 3 2 3 2

0.799
(.18 )

0.928
(.10 )
63.1

( 3.6)

24,8
( 3.0)

'ur= in parentheses are standard deviations,
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Infiltrometer trough insertion problems occurred on 41 and 92%
he sampling sites on the Coyote Creek and Hi-15 Watersheds, res-
tively., For both study areas, these problems were common tc-) all
atments but for different reasons. Infiltrometer trough insertion
sblems were caused by roots, rocks and bu.riccl logging debris in
: immediate subsurface, heavily compacted soil, slumping of non-
hesive surface soil or a combination of these factors. A good fit of
- trough into the soil was achieved in most instances in spite of these

obhlems,

Precipitation Effect

Total precipitation amounts received five days prior to each
:mpling period for the summer and fall of 1977 are given in Table 5.
:sentially no precipitation was received on Coyote Creek during the
'mmer until late August. Following the precipitation event of August
:-26, only two shelterwood sites, all undisturbed sites for Watershed
and outside the perimeters of Watersheds 2 and 3 and all tracf.or‘win—

ved sites on Watershed 3 rernained to be sampled, On all remain-
 shelterwood and undisturbed sites, the sites were well protected
om all rainfall influences by overstory and understory vegetation,
7 thus the rainfall event only dampened the extremely dry litter and

» . .m of soil, By the time of sampling, the litter and soil conditions




“able 5. Total five-day precipitation prior to each sampling period on
the Coyote Creek and Hi-15 Watersheds, summer and fall
1977.2

Dates

Sampling location

Total five-day
prior
precipitation (cm)

“une 26-29
‘uly 10 & 11
uly 18-22
‘uly 25-28
1-3
Aug. 16-19
g, 23 & 24

ug., 29 - Sept. 2

rept., 12-15
cov. 13-15
Deec, 3

beote Creeck Watersheds
Coyote Creck Watersheds
Coyote Creek Watersheds
Coyote Creek Watersheds
Coyote Creek Watersheds
Coyote Creek Watersheds
Coyote Creek Watersheds
Coyote Creek Watersheds
Hi-15 Watersheds

Coyote Creek Watersheds

Hi-15 Watersheds

- Personal communication, R. Fredriksen and A. Levno, 1978,

Pacific Northwest Forest and Range Experiment Station, Corvallis,

Oregon.
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're similar to all sites previously sampled indicating little to no
{cct by the precipitation.

The sites on the tractor windrowed arca of Watershed 3 were un-
~otected from rainfall influence and the precipitation event affected

.arkedly the soil surface and subsurface propérties. From prelimin-

y sampling early in the summer, a possible irregular and discontinu-

s hydrophobic condition near the soil surface had been noted for this
‘ea, During the early to middle phases of the rainfall event, discon-
nuous overland flow had been observed for this area with rilling and
¢ .aling occurring. Also, surface runoff with high sediment loads
~d been observed for skid trails, log paths and permanent roads

nd throughout the Coyote Creek Watersheds. Upon sampling several
vs later, the subsurface soil for this tractor windrowed area was

v a swollen, massive-looking, nonworkable clay. Surprisingly, the
‘iltration capacities for plots on this areca had increased by 50 to 75%
~or the values obtained during the preliminary sampling period for

‘s located nearby on this same area (refer back to Figure 6). The
ccipitation event therefore changed the soil properties, altered and
‘tially mitigated a possible hydrophobic surface condition and in-
-ased the infiltration capacity of the soil. Even so, these sites had
-1 est values of infiltration capacity for all of Coyote Creek, except

- certain skid trails, The result of higher infiltration capacities for
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Precipitation for the Hi-15 Watersheds was non-existent through-
the summer until late August and early September when major rain-
1 events occurred. Upon sampling the Hi-15 Watersheds, all sites
re found slightly moist on the surface and in the subsurface except
r the undisturbed sites that were dry. This fnoist condition was
used by the late August/early September precipitation because no new
:infall had been received five days prior to sampling. As will be dis-
1ssed later, fall infiltration capacities were greater than summer
-pacities for the Hi-15 Watersheds. Keeping this pattérn in mind and
cce  izing that some possible non-wettable soil conditions may have
ccurred, especially on the cable logged area of Watershed 6, the in-
liration capacities obtained are again overestimates of the infiltration
zpacities that probably occurred during the summer, A noteworthy
<ample is the incbnsistent results determined for the tractor logged
ortion of Watershed 6. Here, infiltration plots on or adjacent to skid
‘z2ils provided iﬁfiltration capacities at least twice as high as any of
; other treatments., This is possibly caused by the removal of the
:rface soil layers by skidding, leaving a porous gravelly loam for the

vil surface. Also, any hydrophobic surface effect may have been re-

oved by the late August/early September rainfall events.

~all sampling at the Coyote Creek Watersheds found the soils on

Il treatments near or at field capacity. From early October to the
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ampling date in November, over 13 cm of rainfall had been received

rith 4,4 cm falling within five days prior to sampling. Because of the

igh clay content of nearly all soils on the Coyote Creck Watersheds and
nd the summer drought conditions, soils retained much of the precipi-
ation,

As previously stated, infiltration capa;:ities increased markedly
sver those of the summer, despite the highly moist soils.

Fall sampling on the Hi-15 Watersheds was not attempted until
arly December because of large rainfall events in late November that

amaged certain bridges and because of snow on the watersheds, From

:id "lTovember to early December, over 40 cm of precipitation fell with

.1 cm falling within five days prior to sampling. Because these soils

e little clay and are coarser textured, they do not retain water and
rerefore pass it quickly via subsurface flow. It was noticed that these

»ils did not appear as moist when sampling as did those on Coyote

"reek,
1

Also, when sampling in early December, all snow had gone and

» soil surface did not appear to have been frozen by the previous cold
|

tcather,

Infiltration Capacity

Infiltration capacities as measured by the infiltrometer may be,

.m 7 cases, larger estimates of infiltration than occur naturally

‘ceuwig, 1971), First, relatively short time periods were used to

T
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thor was attempting to identify as quickly as possible the inflection
oint on each infiltration curve, or the point where the slope becomes
ro and the infiltration capacity becomes constant. Approximately
wve to ten minutes were allowed on most plots to verify thal the inflec-
ion point had been reached but this may be insufficient, In some plots
L oinfiltration determination lasted 20 minutes or longer after the in-
ltration capacity curve became level with little change occurring in

: infiltration capacity. The author docs ecxpect affer a sufficiently

ag time period (hours), the infiltration capacity to further decreasc

 a final, constant level as the soil surrounding a plot becomes totally
‘

durated.

A second reason to cxplain higher than natural infiltration capa-
ties is the higher lateral flow rates of soil water and trapped soil air
at may be occurring for this study than naturally exists for the period
~greatest precipitation and when soils are ncar saturation. For a
‘ven storm of uniform areal distribution, as water infiltrales the soil

|
rface resistance by trapped soil water and air is encountered. Yet,

] . .
'+ western Oregon, lateral flow rates arc extremely high during these

mnditions (Ranken, 1974; Yee, 1975; Harr, 1977). For this study, a
se-wet treatment was used to simulate the saturated condition by fill-
. surface and immediate subsurface macropores with water, theoret-

allv decreasing the higher summer lateral flow rates to fall rates

«d thercby hastening the occurrence of the inflection point. Despite
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s treatment, summer lateral flow rates were thought dominant and
1s, infiltrating water was met by less resistance. Accordingly, the
plied rainfall rate was higher than theoretically would have been nec-
sary and the infiltration c.apacities were greater than natural,

Final reasons are associated with the 10\.v raindrop velocities and
¢ high, reclatively constant rainfall intensities used, Although the
.#h precipitation ré.tes are considered unrealistic for any extcndcd
me period for this region, they were utilized to also speed-up deter-
ination of the inflection point for each infiltration curve. Damage to
@ il surface by high intensity precipitation via surface scaling by
'Its and clays was reduced for most sites by a substantial rock, litter
d live vegetation cover. The total cover reduced the rainfall velocity
»d decreased raindrop impact., On those sites with little cover, Vdam—
¢ was small because terminal raindrop velocity could not be attained
s the infiltrometer, The fall distance for the infiltrometer is approxi-
ately 0.5 m, while 7.2 and 12,8 m are requircd for raindrops com-
only produced by the infiltrometer to attain 95 and 99% terminal velo-
1y, respectively (Dohrenwend, 1977). Furthermore, surface scaling
1s reduced by the relatively constant rates of rainfall appliced. Irregu-
r, short bursts of high intensity rainfall intermixed with low intensity

¢ “sitation arc characteristic of summer thunderstorms. These ir-

e o Tt L e

cgular, short bursts arc more damaging to soil surfaces through rain-

,..._._,,..‘-.___.,.,._

~~tae coarmmmon during fall storms
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ischmeier and Smith, 1958; Moldenhauer and Long, 1964), The in-
trometer thus applies high thunder storm-like intensities at constant
‘tes. Therecfore, given an unusually high, relatively constant pre-
pitation intensity, substantial total cover, rcduced raindrop velocity
!impact, reduced surfacc scaling, ;;cnr‘.‘ra?_l\;r high lateral flow rates,
~d relatively short determination periods, infiltration capacities for
»infiltrometer are expected to be greater than those which occur

turally.

An inherent factor in the infiltrometer operation, the depth of
ough insertion, may possibly offsct the other infiltration effects pre-
oy discussed by increasing runoff volumeces collected and thereby
creasing infiltration, The depth of infiltrometer trough insertion
s generally as close to the soil surface as possible without damaging

surface. Depths of 3 to 5 ¢cm were used., During any given infiltra-

on run, some subsurface flow was intercepted and collected in addi-
n te surface runoff, The amounts of subsurface flow collected var-

! from site to site depending on soil properties and site conditions,

- from field ohservation and for any given plot, surface runoff pre-
sninated with little subsurface flow being obtained, Therefore, the
pothesis that infiltration capacitics measured arec higher than those
‘turally occurring remains valid,

Another operational factor, the distance from the downhill side of

cinfiltrometer to the trough, may affect infiliration by increasing
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casured runoff, Runoff may be increased when the distance between
.0 downhill side of the infiltromeicr and the trough is small, causing
sinfall from the infiltrometer to fall direcctly or spash from adjacent
~getation and litter indirectly onto the trough., This rarely occurred
cen the infiltrometer was 5 to 7 cm uphill from the trough and adja-
ont vegetation and litter was trimmed or removed, Also from field
servation, wind has little effect on the infiltrometer, Therefore,
‘mulated precipitation fell directly on the plot and rarely onto the
ough. The amounts thal rarely fell onto the trough were insignifi-
nt,

A final inhercnt factor of the infiltrometer operation, raindrop
‘ze¢, may possibly promote surface scaling by its apparently large size
 increased raindrop impact and decreased infiltration. The average
op size produced by the infiltrometer was 2. 87 mm in diameter,
rom Laws and Parsons (1943) and Wischmeicr and Smith (1958), this
indrop size is characteristic of the average drop for intensities of
ab 10,2 em/hr, However, it lu well within the raindrop disiribution

crazucces for the usual stormns characteristic ol iall and winter precip-
tion events in the Northwest, Therefore, the infiltrometer raindrop

¢s not deviate significantly from usual raindrop sizes and will have a

sligible affect on infiltration,

Mean infiltration capacitics obtained for the treatments on the ,

wyote Creek and Hi-15 Watersheds are presented in Table 6. The
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afiltration capacity data were found normally distributed for both study
“reas and required no transformation prior to analysis. Also, signifi-
ant differences between treatments are indicated in Table 6,
For the Coyote Creek treatment averages (sample size equals

2), infiltration capacities were higher for the cable areas than undis-~
arbed areas. However, these differences were not significant, | On
lie undisturbed sites, a possible minor hydrophobic effect on the soil
urface may have existed; caused by a combination of litter residue,
~nil organic matter, and extremely hot and dry weather. Also on the
ndisturbed sites, a litter shingle effect may have been in operation
Jmilar to that found in the Northcast (Pierce, 1967), This cffect
‘wists when the litter acts like shingles on a house, routing water down-
111 and reducing the arnounts that penectrate the roof (or the soil sur-
tce), Two cable sites, one in Watershed 2 and the other in Watershed
', had uncommonly coarse grained, very porous soils with infiltra-

;on capacities so high that ring infiltrometers were used, After re-
wving these cable logged sites from the analysis, mean infillration
apacities for the cable and undisturbed treatments were nearly cqual.

Mean infiltration capacitics for both the shellterwood and undis-

arbed treatments were significantly greater than that for the tractor

gged treatment, while the difference between the cable and tractor
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‘atments was highly significant. 5 All differences attributed to the
ctor treatment are due to the effect of the tractor windrowed arca
Watershed 3,

Possible reasons why the undisturbed mean infiltration capacity
r Watershed 2 was slightly less than those fo.r cither the tractor or
ble treatments also of Watershed 2 are the occurrence of a possible
mor, short-lived, non-wecttable condition, the litter shingle effect or
‘ombination of the two, Again one cable logged site of Watershed 2
ntains an uncommonly coarse grained, porous soil. Relative to all
dicturbed sampling locations, a more dense, hcavier clay loam was
und on most sites in Watershed 4 and outside the perimeter of Water-
ceds 2 and 3 than was found on Watershed 2 undisturbed sites. This

counts for the lower means on undisturbed sites outside of Watershed

A highly significant difference was found between the mean infil-
ation capacity from the tractor windrowed portion of Watershed 3 and
vy other treatment. It is difficult to assess il the difference is due
tirely to the tractor windrowing onfd burning or also a function of the
ils found there., Nowhere else on the Coyote Creek Watersheds were

ils found with such a massive-appcaring subsurface clay. It isunknown

compaction by tractors partially crcatedthis tight clay. The severe

ignificant equals 90% level of confidence. Highly significant cquals

ot s 1 CaRPS PR -1 (R
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wce disturbance and burning of this area and the high summer tem-
‘ures have causedlittle revegetation and a possible hydrophobic ef-

discussed previously. Thus, tractor windrowing and burning has

«ced the infiltration capacity of this area but the degree or severity

¢ reduction is unknown.,

The effects of soils and parent materials on infiltration capaci-
‘for each treatment, especially the undisturbed treatment, were
examined. Confounding and inconsistent results were obtained

no general trends or ordering of soil series, parent rnaterials, or

‘o ffine textured soils evident.

"y the Hi-15 treatments with statistically equivalent infiltration
~ities (Table 6), only the tractor shelterwood arca of Watershed 7
' slightly greater mean infiltration capacity than that for the undis-
d sites, A litter shingle cffcct may be the possible cause for this
rence,  As observed in the ficld, the litter shingle cffect was more
‘ent on the Hi-15 than the Coyotc Creek Watersheds,

The tractor yarded arca of Watershed 6 exhibited a highly signifi-
increase in infiltration capacity in relation to all other trcatments,
ssible (.:xplanation for these differences relates to the exposure of
;e textured subsoils and has been discussed previously.

Combined infiltration capacity means for the Coyote Creck and
» treatments arc presented in Table 7. Collectively, no difference

ound between the treatment means, Although significant to highly
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Je 7. Combined infiltration capacity, turbidity and sediment yield
medians for the Coyote Creek and Hi-15 Watersheds, sum-
mer 1977.2

Infiltration Sediment
Sample capacity Turbidity yield

:nent size (e /hr) (ntu) (kg /ha/hr)

actor

‘helterwood 38 10.02 85 14,3
actor 36 9.45 242 30.6
Hle 38 10. 60 27 4,1
disturbed 38 10.02 60 17,3
erage ({1:50) 10,03 75 13.2

“urbidity and sediment yield data were normalized before calculating
wedians, The infiltration data were normally distributed. No signifi-
ant differences between treatments were found at the 90% level of
onfidence for all variables following analysis of variance.
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ignificant differences were found between the tractor treatments and
‘her treatments for each individual study arca, the two tractor means
'nded to offset onc another when combined,

A highly significant difference in infiltration capacitics was dis-

avered hetween study areas. Trealments at Coyote Creck generally

2d larger means than those at the Hi~-15 Watersheds. Specifically, the
2ble and undisturbed infiltration capacities for the Coyote Creek Water-
eds were significantly greater than those for the cable/cable shelter-
sod and undisturbed sites on the Hi-15 Watersheds, respectively.
e tractor shelterwood treatments for both arcas had statistically
v means., Finally, the Hi-15, tractor infillration capacity mecan
s statistically greater than the Coyote Creek tractor mean (99% con-
ience level),

Mean infiltration capacities for skid trails and cable log paths for
th the Coyote Creck and Hi-15 Watersheds are provided in Table 8,

statistical analysis was performed on this data.
On all treatments for both arcas, except for the tractor and cable

~ded portions of Watershed 6 on the Hi-15 Watersheds, the mean in-

{ration capacities for skid trails and paths were substantially re-

cd from those previously shown. Reasons for these reductions are
‘ociated mainly with the blocking and plugging of surface and imme-
l ‘e ubsurface macropores with silts and clays., DBecausc thesc sites

i “erally had the lowest total cover percentages of all treatments, a
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urface sealing effect was produced rapidly after the rainfall start.
1lso, in certain instances where burning occurred, a possible hydro-
shobic surface condition may partially explain the lower infliltralion
sapacities, if the skid trail or path was more severecly burned than the
est of the general area, 'The explanation of increcased surface and sub-
surface bulk densities via a restricting layer as causing rc_duced infil-
ration capacities is doubtful. From previous discussions, surface and
subsurface bulk densities for skid trails and paths generally did not
aroduce any consistent trends from treatment to treatment nor did they
liffer greatly from entire treatment means or undisturbed treatment

me s, The same can be stated about non-capillary pore space except
‘hat differences were significant when compared to the undisturbed
treatment, However, lower undisturbed infiltration means, when com-
pared to certain other treatments, indicates that the amount of macro-
pore space is not responsible for the infiltration reduction on skid
trails and paths,
The log path mean for the cable yarded portion of Watershed 6

2.5 nearly identical to the mcean infiltration capacity for the same areca

because of a small sample size and because the general disturbance and

burning of the area may have had a larger influecnce than the paths.
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Surface Erodibility

Surface crodibility for cach site was characterized by turbidity,

suspended sediment concentration and sediment yield. All erodibility

were highly skewed and needed normalization before analysis, A

aatural logarithmic transformation was found to normalize the turbidi-
iy and sediment yield data from both study arcas. On Coyote Creek, a
square root transformation was required to normalize the sediment
concentration data, while a natural logarithm was needed to transform
‘he same data collected from the Hi-15 Watersheds, Because of nor-
. azation via two different numerical functions, the suspended sedi-
ment concentration data could not be combined from the two study areas
ior analysis. Therefore, visual comparison was used to evaluate dif-
ierences in sediment concentration bct\;vecn the two study areas.

All surface erodibility values appearing in the appropriatc tables
are retransformed medians, This is because in the transformation
nrocess, original pepulation medians transform directly, while means

»ol, For a normal distribution; the median, mode and mean
are identical. However, in a log normal distribution for example, the
median equals CM, the mode is ¢~ ), and the mean is defined as
"{’[’H"TZ/Z), where ¢ is the basec of the natural logarithm, andA and Tl

21 the mean and variance of the transformed variable, respcctively. -

I'his then creates difficulty in making inferences about the original
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pulation when the statistical analysis was conducted on the trans-
rmed sample observations, Therecfore, because means do not trans-
~m in a straightforward manner, the antilog of those logarithmic
nsformed medians equals the medians of the original populations.
nilarly for the square root transformed medians, a square of the
‘dian is the median for the original population,

The surface erodibility characteristics indexed the amounts of silts
.« clays being removed {from each infiltration plot surface by the sim-
ted rainfall via surface runoff, A scrious problem with this proce-
re was that erosion from the exposed soil face into which the infil-
o1 ter trough was inserted may have an overriding influence on soil
rface erosion., Also, any slumping of soil adjacent to the soil face
.y affect the true amount of material eroded from the plot surface.
erefore, comparisons with undisturbed plots, a basc level, are man-
tory and only large differences should indicate "problem areas.,"
s0, it is difficult to determine if the surface crodibility data obtained
e realistic estimates of what might be expected during natural rain-

'l events.,

Siey

From field observations, it was generally noted that during an

G G

)

ot

lividual infiltration run, the greatest amounts of sediment removal

o 5

‘curred during the first few minutes of initial runoff. A tapering off

2

¢ sion then occurred with time. This may be analogous to the ob-

‘rvation that the highest levels of surface erosion on a watershed
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asis, particularly from skid trails and other highly disturbed areas,
ccur during the first few fall rains and then taper to a low base level

s$0ils become and remain neayr field capacily. A result similar to
1is will be discussed later when comparing summer to fall erodibility

racteristics,

AT DIdy

Turbidity medians for the treatments on Coyote Creek are given
» Table 9. Comparing entire treatments (sample size equals 32), both
selterwood and undisturbed medians were statistically greater than the
b logged median (99% confidence level). The shelterwood and un-
isturbed treatments were statistically equal. The tractor treatment
rbidity was larger than that resulting from any other treatment (high-
significant differences).

An explanation for the undisturbed turbidity being larger than the
:ble treatment turbidity is due to the cable treatment having a greater
filtration capacity and lesser amounts of surface runoff than the un-~
sturbed treatments, The shelterwooed treatment had a larger percent
" sampling sites in skid trails with lower infiltration and greater run-
[ than did the cable treatment, explaining the highly significant differ-
nce, The tractor turbidity was greater than all others becausc of the
ry, percentage of infiltration plots on surface damaging skid trails

nd because of the soil influence and site conditions of Watershed 3.




87

le 9. Median surface erodibility characteristics by treatments for
the Coyote Crecek Water sheds, summer 1977, @

Sediment Sediment

Turbidity concentration yield
mentb (ntu) Sig, © (g /1) Sig. ¢ (kg/ha/hr) Sig.C©
actor 7
helterwood 5
CC-~1 95 c 284, 2 b 12,7 c
actor
GCC-2 164 d 432.8 c 10. 2 bec
GC-3 594 e 1540. 1 d 156, 4 d
hle
CC=2 41 b 155, 5 a 4,8 ab
CG-3 20 a 152, 4 a 2.3 a
disturbed
GCC-2 70 be 241, 5 ab 15,2 c
COlout 99 c 280, 0 b 17,0 c
C\. 4 . 58 b 184.9 a 13,3 c
crage 89 348, 2 12,6
ralment
:-Eijf.ns
eltor
selterwood 95 b 284, 2 b 12,7 b
cltor 312 c 901, 4 C 40.0 c
le 29 a 154.0 a 3.3 a
i}_:_;turbcd 73 b 235, 7 ab 15.1 b
‘rage 89 348, 2 12. 6

irface erodibility data were normalized before calculating medians,
T =1 = Watershed 1, CC-2 = Waterched 2, CC-3 = Watershed 3, CC-
- Watershed 4, CC-out = outside the lower perimeters of Water-
cds 2 and 3.

‘catments with the same letters are not significantly different,
‘eratments not followed by the same letter are significantly diffcrent
the 90% level of confidence. T-tests were used to evaluate treat-
«nt differences following analysis of variance,
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Highly significant differences were found between the turbidities
{ the tractor windrowed portion of Watershed 3 and all other treat-
wents, whether tractor, cable, shelterwood or undisturbed, on any
‘atershed (Table 9). Reasons for the differences are primarily relat-
d to the soils and the heavily disturbed surfac‘c. Since this area is
nderlain by mostly green breccia derived, fine-textured soils, amor-
hous colloidal clays are abundant, With tractor windrowing and burn-
ng, an easily crodible surface condition exists in which long-term
arbidity-causing clays can be removed quickly,

Differences associated with cither Watershed 2 or 3 cable medi-
:ns and other treatments are caused by the higher infiltration capaci-

‘es, lower runoff amounts and the smaller percentages of sample sites

1 cable log paths on either cable treatment. The undisturbed medians

cre greater than either cable medians due to the edge effect of the o

0il face cut into the downhill side of the infiltrometer plot. Since over

r T g h L NG L

0% of the undisturbed sample sites, totally, were located on red brec-

ia, colloidal-producing soils, the disturbance of cutting a soil face for

inserfion was sufficient to causce small amounts of colioidal cla

» be collecied,

| An cxplanation for differcences in tarbiditics related to the tractor

1

ogged units of Watershed 2 and other trecatments, except for the trac-
ar activity of Watershed 3, is atiributed to the skid trails sampled, :

‘ost skid trails in the Watershed 2 tractor units were found more
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'maging to the soil surface and had less total cover than related trails
1l paths in other treatments.

Changes in turbidity as a result of the treatments appcar to have
cen relatively minor., Only the tractor medians for Watersheds 2 and
may be of importance relative to thc- base level established by the

ndisturbed sites. The tractor windrowing and burning treatiment on
Vatershed 3 can be considered a "problem arca' because of the magni-
ude of increase,

Turbidity medians for each treatment were analyzed for effects

v soil series, parent materials and coarse/fine textured soils., In-
‘0 “istent trends and confounding results were obtained for each of
hese categories, Also, the same confounding results and inconsisten-
les were found for suspended sediment concentration and sediment
icld data.

Turbidity medians for the treatments on the Hi-15 Watcersheds
"able 10) were not significantly different from the undisturbed condi-
ions, in most instances., Reasons for the tractor shelterwood and
ractor treatments having larger medians can be explained by some in-
Jtration plots being located on skid trails, Despite plots located on
kid trails, all turbidities are insignificant and no "problem areas' are

~vident.

Examining the combination of turbidity medians for both the

soyote Creek and Hi-15 study arcas, no differcnces were found among
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ble 10, Median surface erodibility characteristics by treatments for
the Hi-15 Watersheds, summer 1977,2

Sediment Sediment
: Turbidity concentration yield

eatmentP (ntu) Sig. © (mg/1) Sig, © (kg/ha/hr) Sig.¢
ractor
shelterwood

H-7 47 c 245, 6 c 26.5 bc
ractor

H-6 32 be 202, 2 be 3.6 a
1ble

H-6 21 ab 124, 1 ab 13.1 b b
able ”;
Shelterwocod

H-7 14 a 79.9 a 10, 2 ab 3_.3
ndisturbed b j
~H-out 22 ab 197.1 bc 36.1 C
verage 25 162. 8 15,4 ’

Surface erodibility data were normalized before calculating medians,

1-6 = Watershed 6, H-7 = Watershed 7, H-out = outside the lower
perimeters of Watersheds 6, 7 and 8.

‘T'reatments with the same letters are not significantly different,
Trealments not followed by the same letter arc significantly different
at the 90% level of confidence. T'-tests were used to evaluate treat-

went differences following analysis of variance,
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treatments (refer back to Table 7)., However, a highly significant dif-
ference was found between turbidities for treatments on the Coyote
Creck and Hi-15 Watersheds, taken collectively. The Coyote Creeck
medians were greater than those on the Hi-15 Watersheds, Specifical-
ly, corresponding cable and shelterwood trcatfncnt medians from both
study areas were statistically equivalent, while undisturbed and iractor
medians from Coyote Creck were greater (highly significant differen-
ces) than those from the Hi-15 Watersheds, The differences between
study areas were caused by the green and red breccia and basalt
derived, fine-textured, colloidal-producing soils found on the Coyote
Creek area versus the andesite formed, coarser-textured, non-colloi-
dal soils occurring on the Hi-15 area,

Median turbidities for skid trails and cable log paths on both
study arcas are provided in a previous table--Table 8, On Coyote
Creek, turbidities for skid trails and paths located in the cable and
tractor areas of Watershed 2 and the cable area of Watershed 3 are
greater than those for corresponding cable and tractor trecatments of
Watersheds 2 and 3, The median for skid trails on the tractor shelter-
wood freatmeat and the tractor windrowed arca of Watershed 3 arc

smaller than medians previously discussed, On the shelterwood treat-

ment, a possiblc explanation of reduccd turbidities on skid trails is that

sufficient numbers of skid trail sites were located on soils containing

lesser amounts of clay colloids, These sites then had a greater
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fluence on the smaller sample size of values obtained for the compu-

fion of the skid trail median, For the tractor windrowed area of

terashed 3 the
s ERned 5, Lhe

severe surface disturbance and burning of this
ral areca had a larger influence than skid trails on turbidity production,
A1l skid trails and paths on the Hi-15 Watersheds hal nearly
lentical turbidities in comparison with their corresponding treatments,
Tie skid trail median on the tractor shelterwood treatment was greater
ran the treatment median, This is explaiﬁed by the skid trail Sif;es
rving a reduced infiltration capacity and increased runoff and crosion

tes in comparison with other sites on the same treatment,

a ;.Po_nded Sediment Concentration

The sediment concentration medians for the various treatments
1 Coyote Creck are presented in Table 9. Considering individual
‘catments and entire treatment medians for suspended sediment con-
rntrations, results are essentially the same as those obtained for the

irbidity medians,

The undisturbed sampling locations, via slightly lower infiltra-

=
=

‘on capacities and greater runoff, had slightly higher sediment concen-

~ations than those for the cable treatments on Watersheds 2 and 3,

Iso, given the edge effect and its influence upon the undisturbed treat-

t medians, only the tractor trcatments for Watersheds 2 and 3 may po&
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¢ of concern, The outstandingly high sediment concentration for the
ractor portion of Watershed 3 can be identified as a "problem, "

Table 10, previously listed, contains the suspended sediment
concentration medians for the treatments on the Hi-15 Watersheds,

Again, the results are nearly identical to those for turbidity,

The undisturbed median concentration, although statistically

equal, was greater than the median for the cable treatment, hesides ; ; :

NS

being significantly larger than the cable shelterwood median, An ex- E:‘:’

planation for these occurrences is the edge effect. The overriding ij
1

damage of digging a shallow soil pit and inscrting the infiltrometer ;i;

tr  gh on undisturbed sites on the Hi-15 Watersheds is expressed ’:%

dramatically, With lower mean infiltration capacities than those for ",‘3

&

the undisturbed trcatment, both the cable and cable shelterwood sam- 1:

4

pling sites produced on the average slightly more runcff than the undis-

i
turbed sites. This emphasizes the influence of the edge effcct on sur- ia’
&

face erodibility, Again, suspended sediment concentrations for all

S T

ireatments, relative to the undisturbed trcatment, are not significant

%

and no "problem arcas' arc indicated. &
*3"

A visual comparison of scediment concentrations from correspond- b

ing treatments for both study areas shows Coyote Creck treatments hav- b
b

; ; : . =
ing larger concentrations than those for the Hi-15 Watersheds., This §
- 5

by

re 1t would probably be statistically evident, The major differences e

between study areas for sediment concentration would probably occur

apn ey aa

——



94

with only the tractor treatments for reasons already discussed, Final-
ly, if medians were combined for like treatments from both areas, no
difference would probably be found among treatments.

Sediment concentration medians for skid trails and cable log
yathis on the Coyote Creck and Hi-15 Watersheds are presented in
Table 8. Excluding the shelterwood treatment, medians for skid trails
and paths on Coyote Creek increased over the medians for individual
treatments, This increase was substantial for the cable area on Water-
shed 3, The slight increase in the skid trail median for the tractor
windrowed area of Watershed 3 again indicates that the severe surface

sturbance and burning throughout this general arca had a greater in-
{luence than did skid trails on sediment concentration production. The
slight decrease in the median for skid trails on the shelterwood treat-
ment has been explained with the turbidity results,

On the Hi-15 Watersheds, only the tractor shelterwood skid trails
increased in suspended sediment concentration for reasons provided in
the turbidity results, The median for cable log paths on the cable area
of Watershed 6 decreased over that for the cntire cable treatment,

This decrease was caused by the larger effect of general surface dis-

turbance and burning on sediment concentration than paths,

T

STISF alte

B T s S e L et S e
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Sediment Yield

In Table 9, previously listed, sediment yield medians for the
treatments occurring on Coyote Creek are given, Ior entire treat-

vhly significant differences were dis-

ments (sample size equals 32), hig
covered between the tractor sediment yicld and those for all other treat-
ments. Also, both the undisturbed and shelterwood trealment yields
were statistically larger (99% confidence level) than the cable yield,
Sediment yield, as calculated, is directly related to the suspend-
ed sediment concentration and the total volume of runoff and inversely
related to the total runoff time. This explains the highly significant
difference between the undisturbed and cable sediment yields, Since
the cable trcatment had a slightly higher infiltration capacity and slight-
ly lower suspended sediment concentration than the undisturbed treat-
ment, the cable sediment yield was expeccted to be lower than the undis-

turbed sediment yield., Furthermore, the cable sites averaged less to-

tal runoff volume and nearly the same total runoff time compared with

mdigtnrhed samnline sites. This compoind > differen

tween the two scdiment yiclds,
Even though statistically equal, the undisturbed median was
slightly grcater than the shelterwood median, again due to the sediment

yield calculation procedure., The shelterwood sampling sites on the

average had smaller runoff volumes and greater runoff time than the
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idisturbed treatment. This resulted in the slightly smaller sediment
eld for the shelterwood treatment versus the undisturbed.

On a treatment and watershed basis, the only noteworthy result
as the highly significant difference between the tractor median from
ratershed 3 and all other treatment medians on any watershed,

Differences between the undisturbed sediment yields and those
or treatments with lower yiclds can generally be explained cz'ltirely by
he various components of the sediment yield formulation. The physi-

2] reasons explaining differences among treatments for infiltration
apacities, turbidities and suspended sediment concentrations, .pre—
viously discussed, are valid but enter, only partially, info the explana-
ion here, Sediment yields are substantially a by-product of the mea-
urement procedures employed except when a surface or soil condition
25 an overriding influence,

Considering the undisturbed treatment medians as basc level,
nly the tractor sediment yield median for Watershed 3 is highlighted
nd can be identified as a "problem."

Sediment yield medians for the various trecatments on the Hi-15
~alersheds are indicated in Table 10, A significant increase in sedi-
nent yields, in relation to undisturbed sites, was not found for any
~eatment. Therefore, no "problem areas' are evident.

Combined sediment yield medians for respective treatments from

wth study areas are shown in Table 7. Collectively, no difference was
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und among the treatments, However, a significant variation among
.« two study areas was again indicated, Although undisturbed, cable
nd shelterwood trecatments were shown statistically equivalent, the
‘i-15 sediment yield medians for those treatments were greater than
> corresponding medians on the Coyote Cr(“r‘l..( Watersheds. The ma-
or influence of study area variation was attributed to the highly signif-
cant differences between tractor medians,
Median sediment yields for skid trails and cable log paths for
:oth study areas are given in Table 8. For Coyote Creek, all sediment
vields for skid trails and paths cxcept for the shelterwood treatment
173 ased substantially over those yields for the individual treatments.
"he shelterwood skid trail median increasecd only slightly. Owverall,
urface conditions have influenced sediment yield medians over that
xpected as a function of the methodology.
On the Hi-15 Watersheds, a noteworthy effect of surface condi-
ions on skid trails substantially increasing sediment yield occurred on
‘he tractor shelterwood trecatment, A slight decrease in the sediment
sield median for a cable log path was obtained for the cable treatment,
i'his decrease was caused by the lower suspended sediment concentra-

ion alrcady explained,
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Original and Paired Plot Comparisons

¥
4
1

Median infiltration capacities and surface erodibility character-

T

istics for original and paired plots on the Coyote Creek and Hi-15

e T

Watersheds are provided in Table 11. The sample standard deviations
for all variables collected on original and paired plots are also given.

The combined medians for the suspended sediment concentrations from

g, W A

Wori
s

both study areas for original and paired plots could not be determined

because of the two different normalizing transformations.

N T e e

In order to compare infiltration capacities of original and paired
1 -

p'~ts, the reproducibility of the infiltrometcr requires examination,

Reproducibility is defined as obtaining nearly identical infiltration ca-

o ——T— T Y SN TR

pacities from different plots with the same soils and site conditions.

e
b

o test infiltrometer reproducibility, summer infiltration capacities

for certain similar sites on the tractor windrowed portion of Watershed

S
Fd

i, infiltration data from Watecr shed 3 windrowed sites sampled in the e

fall and the summer, and infiltration results for a single plot sampled !
twice in the fall were compared. As a result, the infiltrometer was &
cenerally found reliable and capable of providing reproducible

‘esults under similar conditions, Therefore, any differences found be-

iween original and paired plots are a function of the variability of the

TENTIPE

it~ conditions created by the treatment and the soils within a treatment,

uid not the inconsistency of the infiltrometer,
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the high variation in point estimates of infiltration., Also, little is
known concerning the scasonal variation of the infiltration process.

With respect to the small rainfall amounts received by these study
areas during the summer, the lower infiltration capacities reported for
the summer than for the fall may be of little importance except for sur-
face erodibility. Excluding some tractor windrowed and burnecd sites
and certain skid trails and cable log paths, all sites on the Coyote
Creek and Hi-15 Watersheds can casily handle a high intensity summer
storm, Furthermore, fall infiltration capacities on even the most
severcly disturbed sites far exceeds usual and maximum fall intensities,
However, as discusscd previously, the infiltration capacities charac-
terized by the infiltrometer are an overestimate of actual or natural
infiltration capacitices,

With fall infiltration capacities increasing substantially from
those in the summer and given the same summer simulated rainfall
rates, it would be expected that runoff amounts and surface erodibility
rates would decrease in the fall., Becausc of the methodology utilized,
it is important to recognize that higher infiltration capacity determina-
tions required higher simulated precipitation rates, Therefore, runoff
amounts were as large in the fall as they were in the summer bul ero-
sion rates were decreascd. This was espccially true for suspended

scdiment concentrations and sediment yields, This apparent
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Infiltration capacity point estimates were found highly variable
v both study arcas, especially on Coyote Creek, For the Coyote
reek Watersheds, the original plot infiltration capacity was signifi-
antly greater than that for the paired plot. This difference was caused
rimarily by the original shelterwood plots 11:1\;'ing significantly larger
nfiltration capacities than their corresponding paired plots. Also,
riginal plot means were significantly larger than thosc for the paired
lots for the undisturbed sites located in Watershed 2 and outside the
erimeters of Watersheds 2 and 3.
The original plot infiltration capacity averages on the Hi-15
77z rsheds were found significantly greater than that for the paired

lot, As on the Coyote Creek Watersheds, this difference between plot

ieans was attributed to differences obtained on the tractor shelterwood

nd undisturbed treatiments.

Combining averages for similar plots from the Coyote Creek and

i-15 Watersheds results in a highly significant difference between ori-

‘nal and paired plot infiltration capacities, The specific treatments

ausing this difference have been enumerated, - g
For the Coyote Creeck and Hi-15 Watersheds, the turbidity and L ﬂ

rspended sediment concentration medians were statistically equivalent

)i both the original and pajred plots. This indicates that there is lit- ’:
“riation in point estimates of turbidity and scdiment concentration

cen utilizing two related erodibility plots on the same treatment.
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The original plot sediment yield was found smaller than the
paired plot for both study arcas. On Coyote Creek, the causes of this
diffcrence were on the undisturbed and shelterwood treatments. For
the Hi-15 Watersheds, the undisturbed and tractor trcatln(,;nf:s were the
basis for the paired plot medians bcing gl‘CEL{.Uj;' than the original plot
sediment yield medians., Point estimates of sediment yield therefore
are variable and again tied to the infiltration determination procedure,.

Finally, from examination of Table 11, a general trend was found
indicating that as infiltration capacity is reduced, all surface erodibili-
ty characteristics increase. In light of the discussion comparing skid
t. .ls and cable log paths to the corresponding individual treatment, i

this seems a logical pattern.

Summer and Fall Comparisons

All comparisons of summer and fall data werc performed on only
‘hose sites sampled in the fall and taken collectively for each study
area. On Coyote Creck, 17 of the total 64 sampling locations were re-
ecasured for infiltration and surface erodibility in the fall, Omn half of
‘liese sites, soil samples were taken, For the Hi-15 Watersheds,
seven of the total 13 sites were resampled for infiltration and erodibil -
ty in the late fall, Soil sampling occurred on less than half of those

1. 3. A combining of similar data from both study arcas was also

ccomplished. ?
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Mecan soil data collected from the same sites during summer and
all from the Coyote Creek and Hi-15 Watersheds are given in Table 12,
A1l data in this table were normally distributed and required no trans-

‘ormations prior to analysis,

M
=

acce bulk deasitics samnpled in the fall on Coyole Creck were
‘ound significantly larger than those collected in the summer. The
~ame variable was statistically equivalent for both sampling periods on
e Hi-15 Watersheds., For both study arcas, a highly significant dif-
crence was found between subsurface and impermeable layer bulk den-

ities obtained in the summer and fall, Here, the fall bulk densities

¢ larger than those from the summer. The water content of the ".5

, 4

~cstricting layer for the fall was statistically larger (highly significant | i?
! L

lifference) than that for the summer on Coyote Creek, while on the

e L AT

{i-15 Watersheds, no difference was obtained. Total porosity means
i both sampling periods and from the two study arecas were statisti-
cally equal, For the Coyote Creck and Hi-15 Watersheds, a highly |

ignificant difference was found in most instances hetween summer and

11 macroporosity averages defined at either 20 or 60 cro tension,

lere, the sumimer averages were always grceater than the fall averages.
verall, bulk densities increased, total porosity remained the same, i

ipillary pore space increased, macroporosily decreased and soil water

:nts increased from summer to fall at both study arcas.
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To explain portions of the above results, the sampling technique
was cxamined., All sampling was conducted in a consistent manner and
thus it was assumed that the differences were not due to operator tech-
nique, Next, the inherent variability of the sampling device being used
under various soil moisture conditions was considered. This may p.ar-
tially explain some of the bulk density variation from summer to fall
but not all of it. A shrink and swell soil condition was finally hypothe-
sized and may account for nearly all of the summer and fall differences,

The shrink and swell properties of a soil are determined by the
amounts and types of clay present. Shrinking and swelling of clays
"iroughout the Coyote Crecek Watersheds was apparent from summer to
fall sampling periods., This was discovered both in the data collected
and from field observation., Richlen (1963; 1973) discusses the various
clay types é.nd their dominance in soils found on Coyote Creek, On the
Hi-15 Watersheds, clay shrinking and swelling was not obvious from
field observation and according to results, not occurring significantly
on the soil surfaces sampled. Since all fall sites sampled on the Hi-
15's had impermeable layers in the subsurface, this explains why those
bulk densities and macroporosities werce affected,

The ounly inconsistency in the shrink/swecll hypothesis was that
total porosities remained statistically equal from summer to fall, With
~ highly significant increase in restricting layer bulk densities from

summer to fall, total porositics should decrcase accordingly. Although

A ——

P —
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3

a slight decreasc in fall total porosities was indicated, it was not sig- !{
- :

nificant, . ol
It may be that the pre-wet treatment and the infiltration determ- i

ination significantly affected the soil propertics, particularly total

porosity as obtained during the summer. A detailed investigation of

clay types, depths and amounts would be required on a site by site -

i
basis to determine such significance. g
&

Tables 13 and 14 provide the summer and fall infiltration capacity fi

R

and surface erodibility medians on an individual treatment basis for the tj
Coyote Creek and Hi-15 Watersheds, respectively. No statistical ‘~
ilysis was performed on individual treatment data from these tables, i ;i
Summer and fall statistical comparisons were only performed on treat- ; ’i

ments taken collectively from cach study areca,

Median infiltration capacities and surface erodibility character-

istics collected from the same sites during the summer and fall from
the Coyote Creck and Hi-15 Watersheds are available in Table 15,

From examination of the data upon which the table is based, infiltration

g O

L DO R S ¢

capacities from both study arcas were discovered normally distributed. «
All surface erodibility data were found highly skewed and normalized 3

with a natural logarithmic transformation before analysis. :

i

A Lighly significant difference was obtained between the summer ‘ *

&

e . . . ‘ . b

a  {fall infiltration capacity means on Coyote Creek, Here, fall infil- £

iration capacity was on the average about 1,5 times larger than the
y g
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summer, On the Hi-15 Watersheds, the fall average was greater than
the average summer infiltration capacity by 1.4 times, Median sum-
mer and fall turbiditics and suspended sediment concentrations from
both study areas were statistically equivalent, Despite this similarity,
sediment concentrations for the summer from >the Coyote Creeck and
Hi-15 Watersheds were larger than thosc for the fall, Summer sedi-
ment yield medians for Coyote Creek 2.4 for the two study arecas jointly
were significantly greater than those for the fall, On the Hi-15 Water-
sheds, the two medians were statistically equal even though the sum-
mer scdiment yield was larger than the fall sediment yield.

Examination of Table 13 indicates that the undisturbed treatment
on the Coyote Creek Watersheds had the greatest increase in infiltra-
tion capacity from summer to fall, Also noteworthy was the extremely
small, undisturbed fall scdiment yield median,

On the Hi-15 Watersheds, because of the small fall sample size
per trcatment (refer to Table 14), caution should be exercised when
comparing summer to fall results between treatments. This is illus-
trated by the cable treatment of Watershed 6 apparently having the larg-
est summer to fall increase of all infiltration capacities basc;d on a
single fall sampling location, Also, the tractor yarded portion of
Watershed 6 again provided inconsistent results,

A variety of conflicting reasons may be responsible for the in-

creascd fall infiltration capacities on the Coyote Creck and Hi-15
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Watersheds, Initially, any litter shingle effects, surface scaling
effects and non-wettable surface conditions created during the summer
by litter residue, incorporated soil organic matter, scvere slash burn-
ing, the hot, dry climatic conditions or any other factor may have been

reduced or mitigated by the high fall moisiure levels. This would thea

cause the immediate soil surface to be highly conducive for infiltration.
However, conflicts are found after examining increased fall infiltration
capacities in light of soil data. Here, the fall soil results of increased
bulk densities, decreased macropore space, increascd capillary pore
space, increascd soil moisture and the swelling of soils describe con-

itions of decrcased lateral flow rates and increased resistance to in-
filtrating water., This is the opposile of fall observations., It may be
that these fall lateral flow rates in a wetted soil are higher than thosec
in the summer, but this seems highly unlikely.

To explain this apparent conflict, a hypothesis has been developed
to account for increased infiltration, During the summer, the infiltra-
tion capacity of a soil appears controlled by a short-lived condition
found on the immediate soil surface. During fall rajinz, the controlling
surface condition is mitigated and the ix1filt1‘ation capacity increases.

As the soil becomes recharged from continued fall precipitation, the
infiltration capacily is decreascd and limited by the soil profile charac-~
“istics. The length of the transition period between summer and fall

infiltration capacitics is dictated by the speed of surface condition

e

B ——
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mitigation and the amount of soil swelling. The more a soil is influ-
enced by shrink and swell clays, the less dramatic will be the initial
increase in infiltration and shorter will be the transition zone because
the soil profile will almost immediately limit the infiltration capacity.

A visual conception of this hypothesis is provided in Figure 11,
Examples of this seasonal infiltration capacity variation on Coyote
Creck can be scen in Figure 12, Curve 1 was obtained from data col-
lected from a tractor yarded unit of Watershed 2, while curve 2 was
obtained from the tractor windrowed arca of Watershed 3 (refer to
Figure 6), Both summer base levels were determined from preliminary
infiltration data collected in early summer, This study's "summer"
infiltration determination occurred within the transition zones for both
arcas for two different reasons, On curve 2, a two-day rainfall event
removed partially the limiting surface condition but created a swollen,
relatively moist, subsurface condition, For curve 1, the pre-wet
treatment and infiltration determination minimized any controlling sur-
face condition and loosened any restricting layer. Upon sampling in

1 rainfall amounts and with the soil ncar or at field

the fall follewing higl
capacity, both sites showed higher infiltration capacitics with the total
removal of any limiting surface condition and were now controlled by

the propertics of the soil profile, influenced primarily by swelling clays.

The inconsistencies found for the tracltor logged portion of Water-

shed 6 on the I1i-15 Watersheds can also be explained by this hypothesis
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(see Figure 13)., All sites, except for the undisturbed trecatment, were
apparently sampled during the transition period following the early
September rains that removed partially any hydrophobic or limiting
surface effect, This was especially true for the Watershed 6 tractor
sites, I'or those tractor sites, the previous rains had entirely re-
moved all controlling surface conditions., Because the soil profile was
far from ficld capacity, shrink and swell clays were of minor influence,
and because the lateral flow rates were much larger than those occur-
ring in the fall but slightly reduced from summer rates, the soil profile
exerted little resistance to infiltration and extremely high i.nfiltratioh
capacities were thus obtained, During fall sampling, these sites were
entirely controlled by a near field capacity profile with lower lateral
flow rates. Therefore, the infiltration capacity was reduced but still
would be substantially highef than if surveyed during the hot summer
under surface limiting conditions, The summer base level for Figure
13 was estimated from other sites on the Hi-15 Watersheds.

From the previous discussion concerning scasonal infiltration

face limiting condition is unknown and may vary from site to site., Also,

the pre-wet treatment and the infiltration determination may partially

remove and influence this surface condition, This may further explain
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the high variation in point estimates of infiltration, Also, little is
known concerning the seasonal variation of the infiltration process.

With respect to the small rainfall amounts reccived by thesc study
areas during the summer, the lower infiltration capacities reported for
the summer than for the fall may be of little importance except for sur-
face erodibility, Excluding some tractor windrowed and burned sites
and certain skid trails and cable log paths, all sites on the Coyote
Creek and IH{i-15 Watersheds can easily handle a high intensity summer
storm., Yurthermore, f{all infiltration capacitics on even the most
severely disturbed sites far exceeds usual and maximum fall intensities,
However, as discussed previously, the infiltration capacities charac-
terized by the infiltrometer are an overestimate of actual or natural
infiltration capacitics,

With fall infiltration capacities increasing substantially from
those in the summer and given the same summer simulated rainfall
rates, it would be expcected that runoff amounts and surface erodibility
rates would decrease in the fall, Becausc of the methodology utilized,
it is important to rccognize that higher infiltration capacity determina-
tions rcquired higher simulated precipitation rates., Therefore, runoff
amounts were as large in the fall as they were in the summer but ero-
sion rates were decreascd, This was especially true for suspended

sediment concentrations and sediment yields, This apparent
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inconsistency with runoff amounts can be explained again by the scason-
al infiltration hypothesis.

During the summer, infiltration capacities were lower on all
sites than in the fall and were controlled by surface limiting conditions,
Another by-product of the summer conditions were relatively unstable
and erosive soil surfaces, particularly on skid trails, cable log paths,
tractor windrowed areas and severely burned areas. Reduced cohe-
sion at the soil surface may have been caused by the same surface con-
ditions partially restricting infiltration. During storms in late summer
and early fall, low infiltration capacities, especially on compacted
areas, caused runofl with the additional help of the noncohesive surface
via surface sealing. Thus large amounts of noncohesive surface sedi-
ment were eroded. This was visually observed by the author and mea-
surcd with the infiltrometer. After sufflicient fall rains, surface limit-
ing conditions were reduced or mitigated. This rcsulted in hig.hc:r in-
filtration capacitics that were soil profile controlled and stable, less
erosive soil surfaces, At the time of fall sampling, infiltration capaci-
tiecs were relatively high, while soil surfaces were in their least ero-
sive and most stable state. Thus, the fall surflace crosion rales were
low despite equal summer runoff amounts,

These above resulis were observed on a small scale for nearly
all individual infiltration plots. During an infiltration run, sediment

= wwnatoal during the first few minutes of initial runoff and
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then tapered to some base level with time, Similar results have been
noted by Adams, Kirkham and Nielsen (1957). Therefore, the initial,
high sediment runoff can be likened to that created by the first late
summiner fearly fall storms, and the tapering of sediment to a base level
synonymous to that caused by continued fall rains and the fall/winter
precipitation period (Meyer, 1965).

The amount of rainfall neceded to stabilize soil surfaces is un-
known and may be highly variable from site to site., The rapidity of
cstablishinent of this stable, more cohesive, soil surface during any
afiltration determination may again further explain the large variation
in point estimates of infiltration. Also, knowledge of scasonal patterns

of surface =rodibility is extremely mecager.

Miscellaneous Comparisons and Obscrvations

During fall sampling, an additional arca was investigated to pro-
vide some perspective on possible recovery time of reduced infiltration

capacitice on skid trails, This area was tractor logged during the sum-

mer of 1977 and was located nearby the Coyote Creek Watersheds, which

had been logged six years ago.

Two sampling sites were established on skid trails. Both sites

vere on Dumont soils and had slopes of 24%. The skid trail sampling

locations were heavily disturbed and compacted but had not been burned,
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1. 222 gm/cm?‘

surface bulk densitly

subsurface bulk density = 1, 502 gln/crn3

48, 2%

I

total porosity
macroporosity (30 ¢cm tension) = 4, 8%
macroporosity (60 cm lension) = ’3 9%
total cover = 32%
litter depth = 0.3 cm
litter mass = 1150 kg/ha
Both plots had high moisture contents as a result of rains prior to
sampling, Therefore, the infiltration capacities obtained were expect-
ed to be relatively high and the surface erodibility rates relatively low.
All transformations performed on Coyote Creck data were likewise
performed here. Finally, these sites were located on skid trails typi-
cally found throughout this region and not on extraordinarily damaged
areas,

For comparison, two sampling sites from tractor yarded units on
Watershed 2 which had been located on or adjacent to skid trails were
utilized, These sites were on Dumont soils at ahout 469 slope. These
two pairs of sites had been sampled in the summer but not in the fall,
Therefore, their bulk densities can be expected to increase and macro-
pore space expecled to decrease from summer to fall, These sampling

locations were characterized by the following summer conditions:
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surface bulk density = 1,018 gm/em?>

|

1.121 gln/cn13

i

subsurface bulk density

total porosity = 52. 0%
macroporosity (30 cm tension) = 15, 49,

macroporosity (60 cm tension) = 18,79

1

total cover = 70%

litter depth = 4,4 cm

litter mass = 5299 kg/ha
Since these sites were investigated in the summer, infiltration capaci-
ties should be lower and surface erodibility should be higher than for
all values. The same transformations were performed on thesc data
as for the entire Coyote Creek data. Finally, because these skid trails
occurred on soils similar to those outside Coyote Creck, they can be
compared and may provide accurate estimates of recovery,

Means of 4. 34 cm/hr and 8. 29 cim/hr were obtained for infiltra-
tion capacitics of the skid trail sites outside Coyote Creck and on Water-
shed 2, respectively., For the skid trails outside Coyote Creck, surface
crodibility medians of 3430 nfu, 5390 mg/l and 1280 kg/ha/hr were
discovered for turbidity, suspended sediment concentration and sedi-
ment yicld, respectively., The turbidity, sediment concentration and

sediment yicld medians for the Watershed 2 skid trails were 340 ntu,

50 g/l and 42 kg/ha/hr, respectively.

ey
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Basced on this comparison, the Watershed 2 skid trails have re-
covercd tremendously in six years relative to the recent skid trails out-
side Coyote Creck, On the skid trails on Watershed 2, bulk densities
have decrecased, macropore space, total cover, litter thickness and
mass have increased, infiltration has incrcecased greatly, and all surface
erodibility characteristics have greatly decreased. This general pat-
tern of recovery may be representative of many skid trails and highly
disturbed areas on the Coyote Creek Watersheds, The recovery of
Watershed 2 skid trails may be due to a number of factors, including a
loosening of surface and subsurface horizons by freczing and thawing,
niological activity, and shrinking and swelling of soils.

Harr et al. (1978) found increasecs in peak flows following log-
ging on the Coyote Creck Watersheds during the fall/winter precipita-
tion seasons, Peak flow increases on Watersheds 1 and 3 were rela-
tively large but small for Watershed 2, They attributed the peak flow
increasecs to reductions in evapotranspiration, and surface disturbance
and compaction caused by road building, logging and slash disposal.

. , e T ,

oo . 1 . f \r v v 1ove 1 apo- 1 3 n
Re ._~\l]{f‘_- Uf this st .f..)', cRoiud:ng Lhie .L\.)"_.;': ¢cd arca outsicde

&
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do not support the hypothesis that changes in infiltration capacitics, re-
sulting from soil disturbance and compaction, may be responsible for
the increased pecak flows.

The main problem in identifying a partial cause and effect in rela-

tion to increased peak flows was that insufficient fall data were obtained,
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Since the pre-wet treatment used during summer sampling to simulate
fall conditions ncar the surface and immediate subsurface did not re-

move the restricting surface conditions, all infiltration determinations

on Coyote Creek and many on the Hi-15 Watersheds wecre controlled
entirely or partially by certain surface 1‘1._-“151:13 conditions, Thercfore,
infiltration capacities were not restricted by the soil profile, which can
be altered rnarked]y through skid trails and other logging disturbance
and compaction and which has control over infiltration during the peak
flow scason, Although patterns established during the summer such as
skid trails and cable log paths having lower infiltration capacities than
their surrounding treatment can be expected in the fall, fall differences
between trails or paths and their corresponding treatment may be sub-
stantially greater.

Another problem was that no undisturbed pretreatment data could
be collected, Although adjacent unlogged areas were uscd as controls,
the distribulion of soils was variable enough in certain cases that ran-
domly located, undisturbed sites did not appear sufficiently on all soils,
This was narticnlarly frvue for Watershed 3 and the grecn
derived soils. Soils in Watersheds 1 and 2 werce adcquately distributed
throughout Coyote Creck that sufficient, undisturbed, bascline data
could be accumulated,

In conjunction with ﬂ\(‘ lack of pretrecatment data, recovery rates

on disturbed arcas were unknown. Information oblained on the recently
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tractor yarded area outside of Coyote Creck indicates morc emphasis
should be placed on surface disturbance and compaction effects during
the first few years after logging. At the time of this study, six yecars
after logging, a certain amount of recovery of skid trails and severely
disturbed arcas had occurved. The recovery was such thal many of
those arcas were no longer influencing infiltration, erodibility or soil
propprtics.

With respect to Watershed 3, a good case may be presented for
surface disturbance and compaction currently increasing peak flows.
From comparison with the recently logged area outside of the Coyote
Creek Watersheds, the lower portions of this watershed and certain
upper parts have recoverced very little, This is particularly true for
the tractor windrowed area where overland flow has been observed in
the late summer by the author. However, quantification of Watershed
3 soils in an undisturbed, highly moist, fall state is mandatory before
any further emphasis can be placed on surface disturbance and compac-

tion as the primary causcs of peak flow increases,

tion of the Coyote Creek Watersheds, especially on Watershed 3, has
occurred. In comparison with the recent tractor yarded arca investi-
gated outside of Coyote Creek, increased sedimentation due to surface
erosion would be likely immediately following logging. Of course, this

would depend upon skid trail and cable log path orientation and location
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with respect to the stream channel. However, surface erosion would
be of lesser importance than mass erosion and streambank erosion,
particularly with the mobile soils found on Coyote Creek (Swanston and
Swanson, 1976; Swanson and Swanston, 1977). Six years after logging,
a partial recovery of skid trails and many highly disturbed arcas is cvi-
dcnt., and thus surface erodibility may currently be of no significance,
except for one arca. This exception would be the tractor windrowed
and burned arca of Watershed 3. Here, high surface crodibility is still
indicated relative to undisturbed base levels, However, mass and
streambank crosion will predominate with surtface erosion of minor

consequence (Fredriksen, 1970). 6

Regression Analysis

The dependent variables used in the regression analysis were in-
filtration capacity, suspended sedimenl concentration and sediment
yicld, The surface erodibility characteristic of turbidity was not incor-
porated because of its dependency on colloidal-producing soils and high

~
I

variables utilized were surface, subsurface and restricting layer bulk

6Pcrsonal communication, R, D, Harr, December, 1977, Pacific
Northwest Forest and Range Experiment Station, Corvallis, Oregon.

it

T¥or Coyote Creck: Sed. conc. = 52.0 + (1. 80x Turb, _], r2 =,90, n-:
130; for 1i-15: Sed. conc. = 51,9 + (3. 15x Turb.), r% = .81, n = 26.
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density, impermeable layer moisture content, total porosity (deter-
mined at 0 ¢cm tension), soil moisture content at 30 and 60 cm of ten-
sion, air permecameter reading, percent rock, bare ground, live vege-
tation, litter and total cover, litter thickness and mass, percent slope,
soil series and cumulative summation of site factors (via indicator vari-
ables), macroporosity at 30 and 60 cm tension, and standardized non-
capillary pore space at 30 and 60 ¢cm tension, The analysis was per-
formed on both dependent variables with and without normalizing trans-
formations, and on independent variables with and without various
transformations and cross-~multiplications.

IFFor the Coyote Creck Watersheds, all dependent variables indi-
cated very poor relationships with independent variables. This was
true for data from individual treatments and from all treatments col-
lectively., Scatter diagrams of all data from Coyote Creek showed
"shotgun' patterns and thus little meaning and large amounts of variance,
Residual plots indicated no apparent patterns. The correlation coeifi-
cient squared (1'2) for infiltration capacity ranged from 0, 0 to 0, 17 when
correlated with independent variables, The percent bare ground cor-
related best with all three dependent va1~iables. The r2 values for sus-
pended sediment concentration and sediment yield versus percent bare
ground was 0.41 and 0. 20, respectively. No uscful predictive models
were discovered from either stepwise or backstep regression selection

1 = e thn Aaneandent variables, With nearlv all indevpendent
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variables in a stepwise selected model, those variables explained only
34, 65 and 53% of the variance in infiltration capacity, suspended sedi-
ment concentration and sediment yicld, respectively. Further analy-
sis of the dependent variables was discontinued when no statistically
significant relationships woere evident,

The primary rcason for this lack of predictive power by the inde-~
pendent var.iab]cs was the extreme amounts of variation with point csti-
mates of each dependent variable, particularly infiltration capacity and
sediment yield, This was noted in the original and paired plot discus-
sion, Opecific reasons for this point estimate variation have also been
mentioned previously, Initially, variability exists between and within
soils, Decspite a hypothesized rating of soils for the regression analy-
sis, little insight was gained here, Next, the degree of removal of the
surface limiting conditions was important in causing variability. Some
sampling locations at Coyote Creck were indicative of summer condi-
tions, while others with more mitigation of the surface conditions werec
characteristic of the transition period. Relative to summer, transition

onditions, some sampling sites via the pre-wet {reatment and
infiltration determination were significantly affected by changing soil
properties and the rapid establishment of stable soil surfaces, while
others were influenced to a lesser extent, The variability created by
the degree of edge effect was an important influence for scdiment relat-

ed dependent variables. Finally, the substantial corrcelation of the
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Sediment Yield

In Table 9, previously listed, sediment yield medians for the
treatments occurring on Coyote Cree k arce given, For entire treat-
ments (sample size cquals 32), highly significant differences were dis-
covered between the tractor sediment yield and those for all other trecat-
ments. Also, both the undisturbed and shelterwood treatment yields
were statistically larger (99% confidence level) than the cable yield,

Sediment yield, as calculated, is directly related to the suspend-
ed sediment concentration and the total volume of runoff and inversely
related to the total runoff time, This explains the highly significant
. difference between the undisturbed and cable sediment yields, Since
the cable trcatment had a slightly higher infiltration capacity and slight-
ly lower suspended sediment concentration than the undisturbed treat-
ment, the cable sediment yield was expected to be lower than the undis-
turbed sediment yield. TFurthermore, the cable sites averaged less to-

tal runoff volume and ncarly the same total runoff time compared with

twween the two sediment yiclds.,

Even though statistically equal, the undisturbed median was
slightly greater than the shelterwood median, again due to the sediment
yield calculation procedure. The shelterwood sampling sites on the

average had smaller runoflf volumes and greater runoff time than the
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highly variable infiltration capacity with sediment yield created varia-
bility with the latter dependent variable,

If a satisfactory predictive mode] for infiltration capacity would
have been developed, it would have been of limited utility. As indicated
by the percent bare ground providing the highe ‘Sf, r2 when correlated
against infiltration capacity, surface conditions were in control during
the summer sampling period. However, the scasons for peak flow in-
creases occur during the fall and winter, At that time the relatively
moist soil profile is limiting infiltration. Thercfore, a predictive
model characteristic of [all/winter conditions is necessary and not sum-
mer /fall-transition conditions.

As for surface crodibility characteristics, summer predictive
models are most importiant, not fall predictive models, The largest
amounts of surface erosion were discovered to occur during the first
few fall storms when the surface is most erosive. However, since a
tisfactory model was not discovered, surface crosion as related to
site factors cannot be predicted from these data,

Slightly more mecaningful relationships werce obtained for the Hi-
15 Watersheds, Because of the small sample size per treatment, indi-
vidual trcatment investigation was not conducted, Scattergrams and
residual plots, as for Coyote Creek, provided mostly ”shotg.lm” patterns.
The highest r2 for infiltration capacity was obtained with the percent

live vegetation cover and equalled 0.43. With a model selected through
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stepwise sclection procedures, containing percent live vegetation cover,
surface and subsurface bulk (1c:nsity, percent slope and air permeameter
reading, and predicting infiltration capacity, a R2 value of 0. 85 was

o

found. For sediment concentration, the highest r“ (0, 21) resulted after

correlation with perceant rock cover. The highest r% for sediment yield
was 0, 22 and was obtained with the pcrcent live vegetation cover., With
five dominate independent variables in a stepwise selected predictive
model .Ior sediment concentration and sediment yield, those independent
variables only accounted for 49 and 56% of the variance, respectively.
The same explanations given for Coyote Creck apply here with
respect to lack of predictive power and variation of point estimates of
the dependent variables, Unlike Coyote Creek, data from the Hi-15
Watersheds were more controlled by the soil profile due to the late
August/early September rains. This was noted by certain soil proper-
ties included within a predictive model for infiltration capacity. Yet,

the sampling period occurred during the transition period between sum-

mer, surface limiting conditions and fall, soil profile controlled condi-

tions. Thercfore, any modelz found are not accurate for fall/winter
conditions of infiltration or summer conditions of surface erodibility,
Additional regression analysis was performed on air permeameter
data from both study areas separately to develop predictive equations
for amounts of macropore space at 30 and 60 cm tensions. Very poor

relationships were discovered, Air permecameter readings from Coyote
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Creeck when correlated against restricting layer bulk density, imperme-
able layer moisture content, macroporosity at 30 cm tension and ma-
croporosity at 60 cm tension provided r2 values of 0,04, 0,31, 0,22
and 0, 21, respectively. For the same variables on the Hi-15 Water -
sheds, r% values were 0. 06, 0.18, 0.206 and 0,28, respeclively. As
in covariance analysis, the air permeameter reading should be recom-
puted in terms of a covariable which would be the restricting layer
moisture content before further regression analysis. This could pos-

sibly improve the relationships between air permeameter readings and

macropore space,
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CONCLUSIONS

Infiltration capacities on the Coyote Creck and Hi-15 Watersheds
e
were discovered to vary seasonally; increasing by about 1.4 times from
a summer capacity of 8.42 cm/hr to a 12, 17 cm/hr fall capacity. Dur-
ing the summer, lower infiltration capacities ,a,‘re created by surface
limiting conditions. These restricting conditions include a litter shin-
gle effect, a miDOI"’, non-wettable surface condition caused by litter resi-
due, soil organic matier, hot, dry climatic conditions or severe slash
) ;

burning, and a surface scaling elfect created by easily crosive surface
soil and little protective cover, Following initial fall rains, the res-
tricting surface condition li’s reduced and infliltration capacities increase.
After surface condition effects ale reduced, the infiltration capacitics
are controlled b.yf.the soil profile x;'hich can be severely altered through
logging disturbance and compaction, The increasc in infiltration, dur-
ing the transition period from summer to fall conditions, can be dra-
matic and appears to be controlled by the speed of surface condition re-
moval aod the amount ol swelling cilays preseant. The more a soil is
influenced by shrinking and swelling clays, the less dramatic will be the
infiltration increcase because the soil profile will almost immediately
control infiltration,

Surface erodibility was also found to vary scasonally; decreasing

from summer to fall for suspended sediment concentration (267 to 130
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mg/l, respectively) and sediment yield (24, 2 to 9.4 kg/ha/hr, respec-
tively). In the summer, an unstable, noncohesive, highly erosive sur-
face condition exists. During the first few fall rains, this erosive sur- :
face is easily removed in large quantities by runoff. As more rains
occur, moist soil conditions are established aﬁd surface erosion is re-
duced as the soil surface becomes more stable and cohesive,

On the Coyote Creeck andIiifIS Watersheds and except for certain
highly disturbed arecas, all treatments appeared capable of handling a
high intensity, summer storm, Also, for each study area, nearly all
treatments had statistically equal summer infiltration capacities, The
mean infiltration capacities for the Coyote Creek and Hi-15 Watersheds
were 10.13 and 9,11 em/hr, respectively. Furthermore for cach study
area, nearly aﬂ.tféah%en{slladinsigniﬁcantsnu{acc crodﬂﬁiﬂy‘hlcON&;
parison with the undisturbed treatment, except again for highly dis-
turbed areas. Highly diéturbed areas were characterized by skid trails,
cable log paths and tractor windrowed and burned areas, Thesec arcas
had substantially reduced infiltration capacitics and increased surface
erodibility. However, all arcas including the most severely disturbed
sites had fall infiltration capacities that exceeded the usual and maxi-
mum fall /winter precipitation intensitics., Recognition that the rainfall .
simulator may overestimafte actual infiltration capacitics of a site was

realized.

Sy
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A significant diffcrence in infiltration capacities and sediment
yields was discovered between subplots, while no difference was found
for turbidities or suspended sediment concentrations. Factors contri-
buting to these differences include site condition and soil variability,
high dependence of sediment yield on infiltration mecthodology, the pre-
wet treatment and infiltration determination changing summer soil
properties, partially removing surface limiting conditions and partially
establishing stable, less erosive soil surfaces and the degrec of edge
effect influence.

A significant difference in infiltration capacitics and surface
erodibility characteristics was.—dlsczovcred between study areas and was
caused by soil differcnces, The Coyote Creek Watersheds have more

fine textured, shrinking and swelling, colloidal-producing soils than do

g
the Hi-15 Watersheds. This was especially indicated by Coyote Creek
turbidities being larger than thosc for the Hi-15 Watersheds, With
greater infiltration capacitics obtained for corresponding treatments
from Coyote Creek than from the 1i-15 area, it may be hypothesized
that surlace limilting conditions arc more restriciive on coarsce texturcd
soils.

Since logging of the Coyote Creeck Watersheds six years ago,
many skid trails and other severely disturbed and compacted arcas

have greatly recovered and in many cases have characteristics of un-

disturbed soils. Freezing /thawing, biological activity, and shrinking

LA LA B s b A e e
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and swelling of soils may account for this recovery. Skid trails and
other severely disturbed arcas, however, may have helped cause in-
creased peak flows and minor sedimentation the first few years after
logging. Infiltration data collected six ycars following logging lend lit-
tle support to the concept that surface disturbance and compaction have
caused current peak flows by increasing overland flow, except perhaps
on Watershed 3. A tractor windrowed and burned area and certain
cable log paths on Watershed 3 may result in increased overland flow,
and thus increased peak flows and minor sedimentation.

Infiltration capacity data and associated crodibility data are influ-

enced by a large number of factors and interactions. All infiltration
|

I
data were found normally distributed, while highly skewed, surface

erodibility data required normalizing transformations. Predictive
models for infiltration capacity and surface erodibility characteristics
Fiinlos

were not discovered because of the large amounts of variance in point

estimates of those variables,

Management Implications

.

Several management implications may result from infiltration
and crodibility data as collected for this study. First, rehabilitation
prioritics can be determined. Certain highly disturbed and/or com-
pacted areas may have Jower infiltration capacities and higher surface

erodibility than thosc on other areas, These arcas should then be
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given a priority in rchabilitation over other areas. An example from
Coyote Creek would be the tractor windrowed and burned area in the
lower portion of Watershed 3 that nceds stabilization and ;-chabilitation
quickly. Second, the infiltration capacity and surface erodibility of a
site may assist in selccting suitable plant species for revegelation, Un
sites with low infiltration capacitics and substantial erosion, replanting
with grass species or other deeply rooted vegetation will help loosen
those soils and add protective cover, and thus increcase infiltration and
reduce surface erosion. On sites with fair to high infiltration capaci-
ties and little erosion, replanting with Douglas-fir or other desired
species would be best, Replanting of Douglas-fir on low infiltration ca-
pacity sites will only produce seedlings with markedly reduced growth,
cause little soil loosening, particularly if a compacted layer is re-
stricting infiltration, and add little protective cover. Third, the rela-
tive susceptibility of various soils to similar logging disturbance and
compaction, and the relative rates of damage of different types of har-
vesting equipment may be indexed by infiltration capacities and surface
erodibilily, ) Recovery rates of damaged sites may also be catimaled
by infiltration and erodibility, Fourth, because of the paucity of infil-
tration data in the Northwest, the systematic collection of infiltration
data may provide a better understanding of the infiltration processes on

stecp, forcested slopes common to this region,
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Recommendations for Future Studies

From this pilot study, Meecuwig's (1971) infiltrometer as modified
by Froechlich and Hess (1976), has been found a practical and useful
device for the slopes and conditions of the Northwest, Some recom-
mendations relative to the inf{iltration methodology can be made., First,
simulated rainfall rates should be increased when the runoff rate is
less than 5 or 10% of the precipitation rate, instead of 2% of that rate
as uscd in this study. This should make the infiltration determination
less dependent upon the inherent factors in the methodology, and thus
should increase the validity of the infiltration estimation. Second,
since peak flow increases and soil profile control of infiltration occur
during the fall /winter season, sampling should be conducted at that
time of year with a pre-wet treatment being utilized, Third, if surface
erodibility information is desired, conduct the infiltration determina-
tions in the late summer because this is a period of maximum sediment
production from surface soils, Fourth, do not perform infiltration de-
Eornsmabisns dering & rain, Obtuining scenrate infiliration mensor:
ments during a precipitation event is nearly impossible.

If another study of this type is to be conducted, a detailed survey
of onsite soils may be helpful. This could minimize the variance in in-
filtration capacity and improve the strength of the statistical analysis

if a randomized block design was being used. However, the soil
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properties within a soil series may be as variable as the treatment it-
self. Then instead of minimizing variance, a larger crror term is
created, If a completely randomized design is utilized, a large sample
size is necessary to reduce the variance and aid in interpretations. A
further suggestion relative to Coyote Creek is to better quantify in
terms of infiltration and erodibility, the undisturbed, grecen breccia
derived soils under fall conditions. By sampling the topmost, adjacent,
undisturbed sections of Watershed 2 and the undisturbed area joining
Watersheds 3 and 4, the green breccia formed soils will be quantified
in an undisturbed state. Also at Coyote Creck, more fall sampling of
nearby reccent logging operations on various soils should put incrcased

perspective on recovery rates of damaged areas,
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Soil Series: Coyota

Parent Material: Basalt

Description

Leaves, twigs, cones, ncedles, and trec limbs.

Partially decompesed leaves, nsedles, and
twigs, and charcoal bits.

Dark reddish-brown (5YR 3/3 moist) gravelly
loam; moderate fine and medium granular
structure; slightly hard, friable, slightly
sticky, slightly plastic; many fine to medium
roots; many fine interstitial pores; 25 percent
pebbles; slightly acid (pH 6.2); clear smooth
boundary.

Dark reddish-brown (5YR 3/4 moist) gravelly
clay loam; weak fine and medium subangular
blocky structure; slightly hard, friable, sticky,
slightly plastic; common very fine to medium
roots; many very fine to medium pores; 30 per-
cent pebbles and 15 percent cobblestones;
slightly acid (pH 6.1); abrupt wavy boundary.

Dark reddish-brown (5YR 3 /4 moist) fractured
basalt bedrock.
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Goil Series: Freezener

Parent Material: Basalt

Description

Ncedles, leaves, twigs, tree limbs, cones,
and bark.

Charcoal bits and partially decomposed needles,
leaves, and twigs.

Dark reddish-brown (10YR 3 /3 moist) loam;

moderate fine and medium granular structure ; s
slightly hard, friable, slightly sticky, slightly

plastic; many very fine to medium roots; many

very fine to fine pores; strongly acid (pH 5.4);

clear smooth boundary.

Reddish-brown (5YR 4/3 moist) clay loam;
moderate fine and medium subangular blocky
structure; slightly hard, friable, slightly
sticky, slightly plastic; many very fine to
coarse roots; many very fine and fine porecs;
strongly acid (pH 5.2); clear smooth boundary.

Reddish-brown (5YR 4 /4 moist) clay loam;
moderate medium and coarse subangular blocky
structure; hard, firm, sticky, plastic; few

fine and very fine roots; common very fine and
fine pores; strongly acid (pll 5.2); gradual
smooth boundary.

Reddish-brown (5YR 4 /4 moist) clay loam;

iwmedium s gular blocky structure;

hard, firm, slightly sticky, plastic; few very
fine roots; few very fine pores; strongly acid
(pH 5.1); clear smooth boundary.

Reddish-brown (5YR 4 /4 moist) cobbly clay
loam; massive; hard, firm, slightly sticky,
slightly plastic; few very fine and fine pores;
25 percent cobblestones; strongly acid

(pH 5.1).
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Soil Series: Vena

Rhyolitic breccias, agglomerates
and tuffs, and rhyolite

Description

Loose litter of twigs, ncedles, ceones and tree
limbs and partially decomposed twigs, needles,
leaves, and bark, and charcoal bils.

Very dark grayish-brown (10YR 3/2 moist)
gravelly loam; weak fine granular structure;
soft, very friable, nonsticky, nonplastic; many
very fine to medium roots; common medium
and coarsc pores; 25 percent pebbles; medium
acid (pH 5.6); clear smooth boundary.

Dark grayish-brown (10YR 4 /2 moist) very
gravelly loam; weak fine and medium granular
structure; soft, very [riable, nonsticky, non-
plastic; many very fine to coarse roots; com-
mon fine and medium pores; 30 percent
pebbles and 5 percent cobblestones; madium
acid (pH 6.0); clear smooth boundary.

Grayish-brown (10YR 5/2 moist) very gravelly
loam; massive; soft, very friable, nonsticky,
nonplastic; many very fine to madium roots;
common fine and medium pores; 40 percent
pebbles and 10 percent cobblestones; strongly
acid (pH 5.5); abrupt wavy boundary.

Light gray (10YR 7/1 moist) fractured

1 Ve 1 v i
i'..ijJ...‘L:_\ Ll peaX olic.



150
Soil Series: Straight

Parent Material;: Reddish breccias,
agglomerates and tuffs

Horizon Depth, cm Description

0 5-3 Loose litter of tree limbs, twigs, ncedles,
leaves, cones, and bark.

0 3-0 Partially decomposed twigs, needles, and
leaves, and charcoal bits.

A 0-23 Dark reddish-brown (5YR 3/3 moist) gravelly
loam; moderate fine and medium granular
structure and moderate very fine subangular
blocky structure; soft, friable, nonsticky,
nonplastic; many very fine to medium roots;
many interstitial pores; 30 percent pebbles;
medium acid (pH 5.9); clear smooth boundary.

AC 23-76 Dark reddish-brown (5YR 3 /4 moist) very
gravelly loam; weak and mioderate fine and
medium granular and subangular blocky
structure; soft, friable, nonsticky, nonplastic;
common very fine to medium roots; common
very fine and fine pores; 40 percent pebbles
and 5 percent cobblestones; medium acid
(pIl 5.7); clear wavy boundary.

C T6-894 Variegated colors of red, reddish-brown, and
light reddish-brown weathered red breccia
bedrock.

S i
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Soil Series: Dumont

Parent Material: Reddish breccias,
agglomerates and tuffs

Horizon Depth, cm Description
01 5-3 Loose litter of twigs, necedles, bark, comnes,

and leaves.

0, 3-0 Partially decomposed twigs, needles, bark,
and leaves, and charcoal bits.
A11 0-10 Dark reddish-brown (5YR 3/4 moist) loam;

moderate [ine and medium granular struacture;
slightly hard, friable, slightly sticky, slightly
plastic; many very fine to medium roots;
common very fine and fine pores; medium
acid (pH 5.8); clear wavy boundary.

A12 10-23 Dark red (2.5YR 3/4 moist) silt loam; mode-
rate fine and medium granular structure;
slightly hard, friable, slightly sticky, slightly
plastic; many very fine to coarse roots; com-
mon very fine and fine pores; medium acid
(pH 5.8); clear wavy boundary.

B 23-36 Dark red (2.5YR 3/6 moist) silt clay loam;
moderate coarse granular and strong fine sub-
angular blocky structure; hard, firm, slightly
sticky, slightly plastic; common very fine to
coarse roots; many very fine pores; medium
acid (pH 5.6); clear wavy boundary,

B,y 36-56 Dark red (2.5YR 3/6 moist) clay loam; mode-
rate very fine and fine subangular blocky
structure; hard, firm, sticky, plastic; few
very fine to medium roots; few fine and very
fine pores; strongly acid (pH 5.4); clear smooth
boundaury.

B 56-114 Dark red (2.5YR 3 /6 moist) clay; moderate
medium to coarse subangular blocky struc-
ture; hard, firm, sticky, plastic; few very
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Horizon Depth, cm Description

fine to medium roots; few fine and very fine

pores; strongly acid (pH 5.4); gradual smooth
boundary.

B?_j,f_ 114-157 Dark red (2.5YR 3 /6 moist) clay; moderate
o medium to coarse subangular blocky struc-
ture; very hard, very firm, very sticky,
very plastic; few very fine to medium roots;
few fine and very fine pores; strongly acid
(pH 5.3); clear wavy boundary.

C 157-183+ Yellowish-red (5YR 4/6 moist) silty clay
loam; massive; hard, friable, sticky, plastic;
few fine pores; very strongly acid (pH 5.0);
gradual boundary.
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Soil Series: Deatman

Parent Material: Intermediate green breccias

and agglomerates, and greenish tuffs

Depth, cm_

3-1

1-0

15-51

51-64

64-894

Description

Litter of undecomposed needles, twigs, cones,
and leaves.

Partially decomposed necedles, twigs, and
leaves, and charcoal bits.

Very dark grayish-brown (10YR 3/2 moist)
gravelly loam; weak fine granular structure;
soft, friable, nonsticky, nonplastic; many
very fine and fine roots; many very fine pores;
25 percent pebbles; slightly acid (pH 6.0);
clear wavy boundary.

Very dark grayish-brown (10YR 3/2 moist)
gravelly clay loam; weak fine and medium
granular structure and weak fine and medium
subangular blocky structure; slightly hard,
friable, slightly sticky, slightly plastic; few
fine and medium roots; many fine pores;

25 percent pebbles; medium acid (pH 5.7);
gradual wavy boundary.

Very dark grayish-brown (10YR 3/2 moist)
gravelly clay loam; massive; slightly hard,
firm, sticky, slightly plastic; few rootls; many
rery fine to medinm poures; 40 percent pebbles;

medium acid (pH 6. 2}; abrupt wavy boundary.

Variegated colors of brown, dark yellowish-
brown, olive, and green semiconsolidated
green breccia bedrock.
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Soil Series: Fives

Parent Material: Intermediate green breccias
and agglomerates, and greenish tuffs

Horizon Depth, cm Description

C"l 5-3 Litter of loosc leaves, twigs, cones, bark,
and needles.

0 3-0 Partially decomposed leaves, twigs, and
needles, and charcoal bits.

A 0-10 Very dark gray (10YR 3/1 moist) gravelly
loam; moderate medium granular structure;
soft, friable, slightly sticky, slightly plastic;
many very [ine to medium roots; common very
fine and fine pores; 5 percent pebbles; medium
acid (pH 5.7); clear smooth boundary.

A 10-23 Dark grayish-brown (10YR 4/2 moist) loam;
weak fine subangular blocky structure and
moderate fine and medium granular structure;
slightly hard, friable, slightly sticky, slightly
plastic; many very fine to coarse roots;
common very fine and fine pores; strongly
acid (pH 5.3); clear smooth boundary.

B,.4 23-64 Olive-brown (2.5YR 4/4 moist) clay loam;
moderate fine and madium svbangular hlacky
structure; hard, firm,sticky, plastic; few very
fine to medium roots; common very fine pores;
strongly acid (pI 5.2); gradual wavy boundary.

b 64-114 Olive (5Y 5/4 moist) clay loam; moderate
medium and coarse subangular blocky struc-
ture; hard, firm, very sticky, very plastic;
few very fine to coarse roots; common very
{ine and finc pores; very strongly acid (pH
5.0); gradual wavy boundary.

C 114-183+ Variegated colors of brown, dark yellowish-
brown, reddish-brown, and bluish-green clay
loam; massive; slightly hard, friable, slightly



sticky, slightly plastic; few very fine to
medium roots; few very fine to medium pores;
very strongly acid (pH 5.0); gradual wavy

boundary.

(821
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Soil Series: Fives variant

Parent Material: Intermediate green breccias
and agglomerates, and greenish tuffs

Horizon Depth, cm Description
0} 5-3 Needles, leaves, twigs, concs, and tree limbs.
02 3-0 Charcoal bits and partially decomposed lecaves,

needles, and twigs.

A 0-10 Dark grayish-brown (10YR 4/2 moist) loam;
moderate fine and medium zranular structure;
soft, friable, nonsticky, nonplastic; many
very fine to medium roots; many very finec and
fine pores; slightly acid (pH 6.0); clear wavy
boundary.

A 10-25 Dark grayish-brown (10YR 4/2 moist) clay
loam; moderate fine and medium granular and
subangular blocky structure; slightly hard,
friable, slightly sticky, slightly plastic; many
very fine to coarse roots; common very fine
and fine pores; medium acid (pH 5.7); clear
wavy boundary.

B 25-46 Olive-brown (2.5Y 4 /4 moist) clay; common
it meadium faint dark yellowish-brown (10YR 4 /4
moist) mottles; moderate fine and medium sub-
angular blocky structure; hard, firm, sticky,
plastic; few very {ine to medium roots; com-
mon very fine pores; strongly acid (pH 5. 3);
gradual wavy boundary.

B. 46-114 Olive-brown (2.5Y 4/4 moist) clay; many

medium faint to prominent light olive-brown
(2.5Y 3/3 moist) and yellowish-red (5YR 4/6
moist) mottles; moderate medium and coarse
subangular blocky structure; hard, firm, very
sticky, very plastic; few very fine to medium
roots; common very fine and fine pores; very
strongly acid (pII 5.0); gradual wavy boundary.
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-142
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Description

Olive (5Y 5/4 moist) clay; comimon medium
faint light olive-brown (2.5Y 3/3 moist)
mottles; strong medium and coarse subangular
blocky structure; very hard, firm, very sticky,
very plastic; few very fine and fine roots; few
very fine and fine pores; very strongly acid

{(pH 5.0); gradual wavy boundary,

Variegated colors of green, bluish-green,
olive, and light olive-gray clay loam; common
medium faint light olive-brown (2.5Y 3/3
moist) mottles; massive; hard, firm, sticky,
plastic; few very fine roots; [ew very fine
pores; very strongly acid (pH 5.0); gradual
wavy boundary.



Soil Series: Blue River

Parent Material: Andesite and basalt

Horizon Depth, cm

01 8-0

AZ 0-5

B2 5-20
B31 20-36
B32 36-51

[ i
B33 1-107

Description

Loose litter of twigs, ncedles, leaves, cones,
tree branches, and charcoal bits.

Very dark gray (10YR 3/1 moist) gravelly

loam; weak very fine and fine granular struc-
ture; soft, friable, nonsticky, nonplastic;

many fine to medium roots; many very fine

and fine pores; 10 percent pebbles; very strongly
acid (pH 4.5); abrupt wavy boundary.

Dark brown (7.5YR 3/2 moist) gravelly loam;
weak very fine and fine granular structure;
slightly hard, friable, nonsticky, nonplastic;
many fine, medium, and coarse roots; many
very fine and fine pores; 25 percent pebbles;
strongly acid (pH 5.2); gradual wavy boundary.

Dark brown (7.5YR 3/2 moist) gravelly loam;
weak very fine and fine granular structure;
slightly hard, f{riable, nonsticky, nonplastic;
common fine to coarse roots; many fine and
very fine pores; 25 percent pebbles; strongly
acid (pH 5.5); gradual wavy boundary.

Dark brown (7.5YR 3/2 moist) gravelly loam;

weak very fine and fine cranular and su

lar blocky structure; slightly hard, friable,
nonsticky, slightly plastic; commmon fine to
copras voots: many very fMine and fine noroen:
35 percent pebbles; strongly acid (piH 5.5);
gradual wavy boundary.

Dark brown (10YR 3/3 moist) gravelly loamy,
weak very fine and fine granular and sub-
angular blocky structure; slightly hard, friable,
nonsticky, slightly plastic; common fine and
meaedium roots; common very fine and fine
pores; 35 percent pebbles; maedium acid (pH
5.7); clear wavy boundary.
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Cl 107-130
C‘2 130+
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Description

Very dark grayish brown (10YR 3/2 moist)
cobbly gravelly loam; massive; slightly hard,
friable, slightly sticky, slightly plastic; few
fine to madium roots; common very fine and
fine pores; 75 percent pebbles and cobble-
stones; medium acid (pH 5.7); abrupt irregular
boundary. :

Very dark grayish-brown (10YR 3/2 moist)
fractured andesite bedrock.
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Soil Series: Carpenter

Parent Material: Andesite

Descriplion

Needles, lecaves, twigs, cones, tree branches,
and charcozal bits.

Dark gray (10YR 4/1 moist) gravelly sandy
loam; weak very fine and fine granular struc-
ture; soft, friable, nonsticky, nonplastic;
many fine to medium roots; many very fine and
fine pores; 20 percent pebbles; strongly acid
(pH 5.4); gradual wavy boundary.

Dark brown (7.5YR 3/3 moist) gravelly sandy
loam; moderate very fine and fine granular
structure; soft, friable, nonsticky, nonplastic;
many fine to medium rools; many very fine and
fine pores; 30 percent pebbles and 5 percent
cobblestones; strongly acid (pH 5.4); gradual
wavy boundary.

Dark brown (7.5YR 4 /4 moist) gravelly loam;
weak fine and medium subangular blocky struc-
ture; slightly hard, friable, slightly sticky,
nonplastic; common fine to medium voots;
many fine and very fine pores; 30 percent
pebbles and 5 percent cobblestones; strongly
acid (pH 5.5); gradual wavy boundary.

Dark brown (7.5YR 4/4 moist) gravelly loam;
weak and moderate fine and medium subangular
1mel o g - 5 [ L LD | o1 I Y &

LI J At 1 4 <y L% B : IR I FAit,
slightly sticky, nonplastic; few fine and medium
roots; common very finc and fine pores; 30 per-
cent pebbles and 10 percent cobblestones;

strongly acid (pH 5.5); gradual wavy boundary.

Darlk brown (10YR 4/3 moist) gravelly loamy;
massive to moderate fine and madium sub-
angular blocky structure; slightly hard, friable,
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slightly sticky, nonplastic; few fine and
medium roots; commeon very [ine and fine
pores; 40 percent pebbles and cobblestones;
strongly acid (pH 5.5).
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APPENDIX B

CALCULATIONS AND CONVERSIONS

The following calculations were performed using values
obtained in the field and laboratory. Following an equation is an
example using actual figures. Applicable conversions are provided

following the example.

Infiltration Capacity

Infiltration Capacity = simulated rainfall rate

- constant runoff rate
Example:

Infiltration Capacity = 399.6 ml/min - 154.0 ml!/min = 245, 6 ml/min
(tractor logged site)

X ml . 60 min . 1 1 crn3
min 1 hr 3122.6 cm? * 1 ml

Conversion to ecm/hr

Example:

Infiltration Capacity = 7.68 cm/hr - 2.96 cm/hr = 4.72 cm/hr
(tractor logged site)

5 . . X cm . 3937 in
Conversion to in/hr =~ b4
hr cm

Bulk Density

mass of oven dry soil

5 3, _
Bulk Density (gm/em’) = volume of oven dry soil

oven dry wt - soil can tare wt

Bulk Density = g : :
volume of soil retainer ring
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Example:

215.24 gm - 52.
Bulk Density = 1529 g - 0%. D0 B 1.187 gm/cm?3

137.4 (:ln3

Soil Moisture Content by Volume

volume of water
volume of sample

Moisture content

|

. moist field wt - oven dry wt .
Moisture content (%) = : ! Y x specific
volume of soil retainer ring

volume of water x 100%

Example:

3
8.5 - - > ,
Moisture Content = A8, 51 ok ~ 213,24 g x 3 x 100%

137.4 cn13 g

= 24.3%

litter Mass /Area

Litter Mass /Area (kg/ha) = X gm oven dzl"y litter N 1 kg
3 3
10 cm 107 gm

104 (‘.]le 4 ].04 m

1 1r12 1 ha

Sediment Yield

Sediment Yield (gl‘n/lnd) - Mﬁti? Z liter total runosz volume
' 3122.6 cm
10-3_gn~1 104 crnz
xX
1 mz 2

1 m



; 4 2
Sediment Yield (kg /ha /hr) = - g,lzn X 10_m ® 1 I;Q’
m 1 ha 10 gm
1 60 min

= 7, min total runoff time & 1 hr

X kg 5 1 ha 2.205 1b
ha/hr - 2.471 acres . 1 kg

Sediment Yield (lb/acre /hr)

Total Porosity

volume of porec space

Total Porosity (percent of total volume) = volume of soil
L <

x 100%

saturated wt - tare wt - oven dry soil wt

Total Porosity = p :
volume of retainer ring

x specific volume of water x 100%

Example:

1076.1 gm - 855.6 gm - 144.6 gm 1 cm3
= g}Tl

It

Total Porosity 3
137.4 cm

11

55.2%

I x : :
The volume of pore space is the volume of water in the soil
between the saturated (0 cm tension) and oven dry conditions.,

164

x 100%
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Tension Table Moisture Content

The following equation was used to calculate the moisture
content of a soil sample after each level of tension applied. 1t is
similar to the total porosity cquation except that the weight of the
sample after each level of tension is substituted for the saturated

weight.

Moisture Content (percent of total volume)

tension wt - tare wt - oven dry soil wt specified vol 1009
= 3 3 x X 70
volume of retainer ring of water

Example:

363.5 gm - 153.4 gm - 144.6 em

Moisture Content

(10 cm tension) 137.4 c1‘113
x lem, x 100%
gm
= 47.7%

Non-Capillary Pore Space

Non-Capillary Pore Space = total porosity (%) - 30 cm tension
(30 cm tension) moisture content
(%)

Lxample:

Non-Capillary Pore Space = 55.2% - 41.8% = 13.4%
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APPENDIX C

DATA

Column Description
Identification
A Watershed and Treatment Identification
Coyote Creek Watersheds: Hi-15 Watersheds;
11 = Watershed 1, Tractor 61 = Watershed 6,
Shelterwood Tractor
21 = Watershed 2, Tractor 62 = Watershed 6, Cable
22 = Watershed 2, Cable 71 = Watershed 7, Trac-
23 = Watershed 2, tor Shelterwood
Undisturbed 72 = Watershed 7, Cable
31 = Watershed 3, Tractor Shelterwood
32 = Watershed 3, Cable 93 = Qutside Hi- 15 Water -
43 = Watershed 4, sheds, Undisturbed
Undisturbed
53 = Outside Coyote Creck
Watcrsheds,
Undisturbed
B Site Number (corresponds with Figures 3 and 4)
C Original Plot Simulated Precipitation Rate (cm/hr)
D Original Plot Infiltration Capacity (cm/hr)
E Paired Plot Infiltration Capacity (cm/hr)
F Original Plot Turbidity (ntu)
G Paired Plot Turbidity (ntu)
H Original Plot Suspended Sediment Concentration (mg/1)
I Paired Plot Suspended Sediment Concentration (mg /1)
J Original Plot Sediment Yield (kg /ha /hr)

I Paired plot Sediment Yield (kg/ha/hr)
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Column

Identificaticn

< cnH®umOWOZZ L

xE

Z
AA
BB
CcC
DD
EE
FE
GG

1

-0 = missing data.

Summenx
Fall
Summer
Fall
Summer
Fall
Summer
Fall
Summer
Fall
Summer
Fall
Summer
Fall
Summenr
Fall
Summer
Fall
Summer
Fall
Summer

Fall

lix C. (Continued)

Description
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Infiltration Capacity (cm/hr)

Infiltration Capacity (cm/hr)

Turbidity (ntu)

Turbidity (ntu)

Suspended Sediment Concentration (mg /1)
Suspended Sediment Concentration (mz /1)
Sediment Yield (kg /ha/hr)

Sediment Yield (kg /ha/hr)

Surface Bulk Density (gn1/cm3)

Surface Bulk Density (gm/cm3)
Subsurface Bulk Density (gln/cm3)

Subsurface Bulk Density (gm/cm3)

Impermeable Layer Bulk Density (gm /01113)

Impermeable Layer Bulk Density (gnl/un?’)

74

Impermeable Layer Moisture Content (%)
Impermeable Layer Moisture Content (%)
Total Porosity (%

Total Porosity (%) ]

Moisture Content at 30 cm Tension (%)
Moisture Content at 30 cm Tension (%)l
Moisture Content at 60 cm Tension (%)

: - : ol
Moisture Content at 60 cm Tension (%)
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Column

. . Description
Identification l

HH Surface Bulk Density (gnl/cm3)
11 Subsurface Bulk Density (gm/cm3)
Jd Impermeable Layer Bulk Density (gm /cm3}
KK Impermeable Layer Moisture Content (%)
LL Total Porosity (%)
MM Moisture Content at 30 cmTension (%)
NN Moisture Content at 60 cm Tension (%)
00 Macroporosity at 30 ecm Tension (%)
PP Macroporosity at 60 cm Tension (%)
Q0 Air Permeable Reading (HJS/inZ)
RR Percent Rock Cover (%)
SS Percent Bare Ground (%)
r Percent Live Vegetation Cover (%)
uu Percent Litter Cover (%)
VA Litter Thickness (cm)
wWw Litter Mass (kg/ha)
XX Percent Slope (%)
¥Y Soil Index
11 = Vena 41 = Straight
21 = Carpenter 42 = Dumont
22 = Blue River 51 = Deatman
31 = Goyota 52 = Fives
32 = F'rcezener 53 = Fives variant
%z Site Factor Inder feumulative s

oi [actors)

0 = Undisturbed Rocky Surface Horizon;

1 = Light Disturbance -1 = yes 0 = no

2 = Moderate Disturbance Site on or adjacent to skid
3 = Heavy Disturbance trail or cable log path:

1 = Light Compaction 1 = yes 0 = no

2 = Moderate Compaction Fired surface:

3 = Heavy Compaction 1 = yes 0 =no
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