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Accelerated surface erosion on steep forested slopes of the Pacific

Northwest can cause losses in site productivity and in water quality.

Both factors are subject to Federal Laws mandating monitoring.

The study was conducted in the Western Cascades on the Blue River

Ranger District, Willamette National Forest. The timber type was

Douglas Fir. The research had two key objectives:

1. Development of an effective monitoring system.

2. Determination of rates of surface erosion after timber

harvesting.

Twenty-four catchment boxes with suspended sediment collectors were

installed, twenty boxes within a 9 ha clearcut and the remaining four in

an adjacent forested area. The measured surface erosion rates were

similar to those found in previous surface erosion studies in forested

areas.



No measurable surface erosion occurred at the forest control plots.

Rates of surface erosion in the clearcut increased after burning. Rates

the second year after burning were the greatest; surface movement

decreased the following year.

Mean values for the pretreatment year 1980 and for 1981 to 1983

were 0.03, 0.53, 0.80 and 0.27 T/ha/yr.

Statistically significant differences were difficult to find. Site

variability and the limited number of plots both contributed to this.

Slope was the most significant variable determining erosion rate.

Future monitoring needs should include better climatic data,

vegetative recovery data and the spatial distribution of dead and living

organic material. The factors of slope length, slope shape, organic

material protecting the surface and aggregate stability need further

investigation.
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SURFACE EROSION CN A CLEARCUT IN THE

WILLAMETTE NATIONAL FOREST

INTRODUCTION

Accelerated surface erosion can occur on steep forested land after

timber harvesting and slash treatment. Management systems must be

designed to minimize accelerated erosion and hence to maintain site

productivity and water quality. The purpose of this study was to

develop appropriate methods for measuring surface soil erosion.

The availability of a standardized system for monitoring surface

erosion related to watershed and timber management on steep slopes will

enable the U.S. Forest Service to meet goals set by:

1. The National Forest Management Act of 1976, PL-95 -588.

2. The Federal Water Pollution Act of 1972, PL-92-500.
3. Title 2500 Watershed Management Guidelines, USES R-6.
4. The Multiple Use Sustained Yield Act of 1960, PL-86-517.
5. The Soil and Water Conservation Act of 1977, PL-95 -192.
6. The National Environmental Policy Act of 1970, PL-91-190.
7. The Forest and Rangeland Renewable Resources Planning Act of

1974, PL-93-378.

The destruction of the duff layer by wildfire and prescribed

burning has been found to accelerate surface erosion rates (Amaranthus

and Hanson, 1979; Anderson, 1962; Bennett, 1982; Benoit, 1972; Bayer and

Dell, 1981; Dyrness and Youngberg, 1957; Dyrness et al., 1957; Dyrness,

1976; DeByle and Packer, 1972; DeByle, 1976; Megahan and Molitar, 1975;

Mersereau and Dyrness, 1972; Sartz, 1953; Wells, 1979; and Vogle and

Rider, 1969). The effects of surface erosion and subsequent deposition

can be detrimental to Douglas-fir seedling establishment and survival

(Franklin and Rothacher, 1962). The loss of the nutrient-rich surface
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soil can decrease site productivity (Klock, 1982; Sidle, 1980). The

reduction in site productivity can result in a reduction in timber
revenues.

Costs incurred due to sedimentation include reservoir sediment

removal, reduction in water quality and damage to spawning grounds

(Benoit, 1972; Klock, 1976; Sidle, 1982; and Fredriksen, 1965).

Monetary values of stream beds for salmon spawning on Lost Creek in the

Willamette National Forest have been estimated at up to $10,000/acre

(Klock, 1976).

In the Pacific Northwest the watershed characteristics of slope,

aspect and cover (litter and canopy) predominately control surface

erosion rates (Mersereau and Dyrness, 1972). The processes and events

that accelerate surface erosion will be better understood if we know the

rates of surface erosion during summer dry, winter rainy and freeze thaw

events (Krammes, 1965). Rates of surface erosion measured on confined

plots on different slopes, with varying amounts of duff cover, can be

used to examine the applicability of the USLE on steep forested and tim-

ber harvested ground (Dissemeyer and Foster, 1981; Wells et al., 1979).

The study had three main objectives:

1. Develop a method to measure rates of surface erosion on steep

forest land. This required the design of an erosion catchment box and a

suspended sediment collector as well as a sampling method.

2. Determine the effects of slope and percent duff cover on

surface erosion rates.

3. Evaluate the relative importance of surface erosion during-

winter rainfall events, summer dry events, and freeze-thaw events.
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LITERATURE REVIEW

GENERAL OVERVIEW

Surface erosion includes both soil displacement from hillslopes and

sediment delivery into channels (Benoit, 1972; Klock, 1977; Patric,

1982; and Swanson and Grant, 1982). The thesis objectives deal only

with surface erosion so only this part of the overall sediment routing

system will be discussed (Figure 1).

Since the 1930's a wide array of surface erosion studies has been

conducted in forested watersheds of North America (Anderson, 1951;

Bennett, 1982; Benoit, 1972; Conger, 1978; Anderson et al., 1959;

Dissemeyer and Foster, 1981; Eyrness and Mersereau, 1972; Krammes, 1960;

La./demi lk, 1930; Sartz, 1955; Hanson and Amaranthus, 1982) .

Early studies were instigated by the concern for water quality,

water yield and site productivity (Anderson, 1951; Lowdermilk, 1930; and

Sartz, 1955). Watershed managers realized the need to map watersheds

based on their erosion potential, which in turn influences water yield

(Olson, 1949). Studies established after 1970 were in accordance with

Federal and State laws (Dodge et al., 1976; Tiedanann et al., 1979).

NATURAL EROSICN CN STEEP WATERSHEDS

Erosion is a natural ongoing process. The geologic erosion rate

incorporates the annual rate with catastrophic events due to wildfire,
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Figure 1. Flow chart showing soil and sediment storage sites (boxes)
and transfer processes (circles). Debris avalanches are
shallow, rapid soil mass movements from slopes. Slump-
earthflow is slow, deep-seated soil movement cn a discrete
failure surface. Creep is subtle soil mantle deformation
without development of discrete failure surface. Surface
erosion includes sheetwash, rill, dry period and freeze-thaw
related processes. Debris torrents are rapid movements of
debris down channels. "Hollows" occur at headward tips of
channels. In-channel storage occurs in gravel bars and is
associated with organic debris accumulations.

From: K. Cromack, F. J. Swanson and C. C. Grier, 1978.

0 = Process observed for thesis research.
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floods and mass failures (Patric, 1982). A watershed's natural erosion

rate is thus influenced by the return intervals of flood and fire.

Natural surface erosion rates in temperate humid climate forests of

North America range from 0.11 to 0.22 T/ha/yr (Table 1). Based on 80

observations for forests in the Western United States a mean value of

0.17 T/ha/yr was calculated (Patric, 1982). Tectonically active areas

were excluded.

Table 1. Measured Erosion Rates in North American Forested Watersheds

Location Land Use Soil Loss Period
T/ha/yr

Reference

H. J. Andrews
Exp. Forest
Oregon Cascades

clear cut 0.04-8.8

H. J. Andrews undisturbed
Exp. Forest
Oregon Cascades

Siskiyou National clear cut
Forest, Oregon
Coast Range

Siuslaw National
Forest, CTegon
Coast Range

clear cut

Caribou National forest & range
Forest, Idaho

Silver Creek
Idaho

clear cut

Silver Creek undisturbed

Idaho

Compilation of numerous observa-

tions in Western forested
watersheds

0.02

6.7-49.8 1977-1978

0.36-2.9 1980-1981

0.52 1981-1982

14.0 1976-1977

0.09-1.3 1976-1977

Average of
0.16 varied

1967-1968 Swanson and

Grant, 1982

1967-1968 Swanson and
Grant, 1982

Pznaranthus

and Hanson,
1983

Bennett,
1982

Jensen, 1983

Clayton,
1981

Clayton,
1981

Patric and
Evans, 1983
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In semiarid areas such as Southern California natural rates in the

steep watersheds of the San Gabriel Mountains ranged from 3.70 to 6.45

T/ha/yr on south slopes and 0.49 to 1.23 T/ha/yr on north facing slopes

(Anderson, 1965). Megahan and Molitar (1975) measured natural rates of

0.09 to 0.13 T/ha/yr on steep granitic soils in the Idaho batholith. In

the Western Cascades of Oregon rates of 0.07 to 0.13 T/ha/yr have been

measured (Swanson and Grant, 1982).

ACCELERATED EROSION

Accelerated erosion is an increase in erosion caused by man's

activities, that exceeds the geologic or natural rate. Significant

increases in soil loss and sediment delivery have been related to road

building, timber harvest and site preparation (Fredriksen, 1965;

Dyrness, 1966; Megahan and Molitar, 1975; Swanson and Grant, 1982).

In areas where recent uplift greatly exceeds the natural erosion

rates, management can result in large increases in erosion (Dodge et

al., 1976). The magnitude of increase in erosion due to management

activities depends on the relationship between harvest sequence and the

landscape's susceptibility to erosion (Dodge et al., 1976; Cromack et

al., 1978).

Comparisons among erosion rates for different watersheds must be

made with care (Dodge et al., 1976). Climatic, geologic, vegetative,

hydrologic and soil properties have large natural variation within

single watersheds (Anderson, 1951).
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Measurements of erosion from forested watersheds in the western

United States range from 0.4 to 50 T/ha/yr (Table 1).

PBOCESSES

Wind, water, gravity and ice detach and transport soil. The

erosive processes that operate on a given watershed are controlled by

regional and site-specific watershed characteristics. Interactions

among the various agents can enhance or inhibit the net amount of

surface erosion loss. Erosion on the west coast of the United States

has been grouped into seasonal processes of winter/wet and summer /dry

(Anderson, 1959; Bennett, 1982; and Dyrness and Mersereau, 1972).

Wet/rain processes

Wet season processes include splash and overland flow, both of

which have been observed in Pacific Northwest forested watersheds after

timber harvest (Bennett, 1982; Hanson, 1983; Clayton, 1981; and Sartz,

1953).

Rain drop impact not only detaches and transports soil, it also

disrupts soil aggregates (Ellison, 1944; Lowdermilk, 1930). Splash can

clog soil pores which results in reduced infiltration rates (Osborn,

1953; Lowdermilk, 1930). Rain drop impact to a water film above a

saturated soil still imparts substantial amounts of energy (Palmer,

1963). Rainfall has 256 times greater kinetic energy than surface

runoff (Hudson, 1971). Maximum transport distances of 150 cm were

measured by Hudson (1971). Eckern (1947) found that the minimal
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rainfall intensity required for transporting fine sand was 0.05"/hr

(Dodge et al., 1978).

The total kinetic energy delivered to a site by splash is dependent

upon storm duration, drop size and intensity. Wind and storm direction

influence the amount of total energy released at a site (Hudson, 1971).

Overland flow can cause sheet, rill and gully erosion. Kinetic

energy from overland flow of 0.03 Joules was measured by Hewlett

and Nutter (1969). The erosivity of overland flow increases with slope

length and angle (Tiedermann, 1979; WRENS, 1979).

Overland flow is not common on forested lands and occurs

predominately where site disturbances have occurred in the forest

(Patric, 1982). Overland flow operates where severe compaction or

removal of the litter layer or surface soil occurs by harvest or road

building (Fredriksen, 1965). In logged and burned areas of western

Montana, overland flow from snow melt was up to eight times greater than

on unburned areas (DxmA4 1976).

Freeze-thaw processes

Ice processes operate in genetic horizon development where a frigid

or cryic temperature regime prevails. Needle-ice can detach and

transport soil particles. Freeze-thaw frequency maps, analogous to iso-

erodent maps have been developed by Visher and Russel (Hershfield,

1974). Watershed variables such as soil type, soil moisture,

temperature regime and aspect determine if freeze-thaw occurs and the

type of frost formed (Molnau et al., 1982).

There are four general types of frost, one grading into the next:

stalactite, granular, honeycomb and concrete (Stoeckler and Weitzman,
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1980). Stalactite, honeycomb and granular ice under suitable conditions

can create higher soil permeabilities (Brady, 1974); whereas, concerete

ice lowers permeability: Repeated freeze-thaw cycles could increase the

occurrence of overland flow due to puddling and a reduction in

infiltration rates (WRENS, 1979). This would be expected for a

compacted surface and for exposed subsoil sites. Stalactites have been

observed to lift coarse particles and large aggregates above the surface

on thawing the material moved downslope.

jay season processes

The transport of material by gravity has been observed and measured

on steep slopes (Anderson et al., 1959; Bennett, 1982; Mersereau and

Dyrness, 1972). The process of dry ravel requires steep slopes with dry

loose material. For skeletal soils on south slopes this may be the

dominant process.

Bennett (1982) noted that 65 percent of erosion during the first

year after slash burning at sites in the Siuslaw National Forest

occurred within 24 hours on slopes greater than 60 percent. On slopes

less than 60 percent, wet season processes dominated. An erosion study

in the H. J. Andrews Experimental Forest measured greater dry season

erosion than wet season on gravelly loams located on south facing slopes

greater than 60 percent with no vegetation (Mersereau and Dyrness,

1972).
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METHODS FOR PREDICIIIC EROSION

Public Law 94-588 specifies that land management plans ensure

protection of soil and water resources. Watershed specialists have

created empirical models, process models and relative hazard indexes

(Boyer and Dell, 1980; Dodge et al., 1976; Dissemeyer and Foster, 1982;

Warrington, 1979; WRENS, 1979). Thus far no models have been developed

that can adequately predict surface erosion losses less than 4.5 T/ha/yr

(Patric, 1982).

The WRENS DOCUMENT (Chapter 4, 1979) relies on the adaptation of

the Universal Soil Loss Equation referred to as the Modified Soil Loss

Equation (MSLE):

A=RKLSVM

where:
A = the estimated average soil loss per unit area in

tons/acre for the time period selected for R (usually 1
year). It is not intended to reflect climatic extremes
of a given year.

R = the rainfall factor, usually expressed in units of the
rainfall-erosivity index, EI, and evaluated from the
iso-erodent map, figure IV.2 (U. S. Department of
Agriculture, Soil Conservation Service, 1977).

K = the soil-erodibility factor, is usually expressed in
tons/acre/ET units for a specific soil in cultivated
continuous fallow tilled up and down the slope.

L = the slope length factor is the ratio of soil loss from
the field slope length to that from a 72.6-foot (22.1m)
length on the same soil, gradient cover, and
management.

S = the slope gradient factor, is the ratio of soil loss
from a given field gradient to that from a 9-percent
slope with the same soil, cover, and management.
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VM = the vegetation-management factor, is the ratio of soil
loss from land managed under specified conditions to
that from the fallow condition on which the factor K is
evaluated.

The equation is designed to predict overland flow from sheet and

rill erosion, and uses a sediment delivery ratio. The authors of WRENS

(1979) acknowledged the lack of field plots to test predictions. The

success in using WRENS is also controlled by the user's understanding of

the MSLE parameters in the field.

Dissemeyer and Foster (1981) have modified MSLE by expanding the

subfactors used to develop the VM factor. They validated the model with

quantitative data from plots and watersheds in the southeast, and found

a R2 value of 0.90 for predicted versus measured sediment yield. It is

of importance to note that Dissemeyer and Foster's work was in the

south, where timber management more closely resembled farming and where

rainfall intensity was a dominant variable controlling erosion rates.

The model worked where sediment yield was greater than 4.5 T/ha/yr or

soil loss was greater than 2.2 T/ha/yr.

An attempt to validate the WRENS procedure for forested watersheds

in Oregon found large overprediction of sediment delivery for clear-cuts

and underprediction for cut and fill slopes (Larson, 1982).

Weaknesses of the MSLE include use of an R factor which becomes

less reliable as processes other than overland flow operate. The L

factor is often inappropriate for the slope configurations encountered

in Oregon. MSLE K factors are at present based on USLE K factors.

Megahan (1980) developed an exponential equation for accumulated

soil loss:

Et = Ent - So (e-kT)



12

where: Et = Accumulated soil loss (T/ac) for a period of time.
En = Long term erosion rate, assumes that no new major dis-

turbance occurs.
So = Amount of material available to be eroded at time

0 after a disturbance.
t = Time elapsed since disturbance occurred (day or year).
k = Potential recovery rate with same units as time.

This model rests upon many assumptions and requires professional

knowledge of erosion rates.

METHODS FOR MEASURING EROSION

Previous surface erosion studies on steep slopes have relied on a

variety of measurement techniques, including catchment boxes,

differences in elevation, tracers and sediment samplers (Benoit, 1972;

Dodge et al., 1976; Ellison, 1944; Dunne, 1977; Garcia et al., 1963;

Gerlach, 1979; Hudson, 1964; Megahan and Molitar, 1975; Mersereau and

Dyrness, 1972; Ranger and Frank, 1978; Swanson and Grant, 1982).

Hilislope surface erosion can be measured with any of the first three

methods. Studies have shown that the catchment box is the most valid as

measured by consistency of the results.

A variety of catchment boxes has been used; polyethelene traps,

Sheet metal traps, wooden traps, concrete troughs, sheet metal troughs

and polyvinylchloride gutters. Catchments have been designed with and

without lids as well as with and without suspended sediment collectors.

The plots have been with and without borders.

Steep forested watershed surface erosion monitoring studies require

large collectors where debris amounts are large (Dunne, 1977). Where

rock slides, rock falls or slow creep are possible, the boxes need to
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have strong reinforcing. In areas of high elevation, boxes need to be

large enough to hold material in case monitoring schedules cannot be met

due to inclement weather.

The collector boxes should have lids to keep rainfall and

litterfall out and to keep raindrop impact from splashing material out

of the boxes. The construction material needs to be durable to prevent

damage by large mammals and large rocks and to withstand the elements

over time.

The most critical part of the catchment is the soil-apron contact

which must be maintained so material will move into the box. The design

of the apron and the box installation can all affect this function

(Conger, 1979; Amarilnthus and Hanson, 1979; Dunne, 1979; McCorrison,

1979; Swanson, 1979).

The method chosen for this study was bordered plots with covered

catchment troughs connected to suspended sediment collectors.

FACTORS AFFECTING EROSION

Ate
Forest soil litter layers shield the mineral soil from rainfall

impact and provide the soil with a continual supply of cements for

aggregation (Boyer and Dell, 1980; Patric, 1982; Lowdermilk, 1930;

Stallings, 1953). The duff and humus layers of soil absorb the kinetic

energy from raindrop and through fall drop impact (Dohrewend, 1977).

Therefore, the residual duff layer after timber harvesting is important
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in decreasing surface erosion potential in a regenerating stand of

timber.

Lowdermilk (1930) discussed the significance of the forest litter

layer in determining the macro-structure of a soil. The surface litter

of a forest soil can often absorb more rainfall than the mineral soil.

The water holding capacity of a soil profile affects site productivity

and, therefore, Site Index. Accelerated surface erosion due to a

reduction of the amount of duff could decrease soil profile depth,

thereby decreasing water holding capacity.

Timber management activities can alter the natural litter layer at

a site. Studies in coniferous forests of Oregon have related

disturbance of the duff layer to changes in soil productivity and

accelerated erosion (Bennett, 1982; Austin and Baisinger, 1955;

Lowdermilk, 1930; Mersereau and Dyrness, 1972). Dyrness (1965)

classified duff disturbance as: a) no disturbance, b) slightly

disturbed, c) deeply disturbed and d) compacted. The system has been

used by watershed specialists studying erosion.

Litter amounts from 9 to 49 T/ha/yr have been shown to protect the

soil from rain drop erosion (Bayer and Dell, 1980). Fire can completely

remove the duff layer (Amaranthus and Hanson, 1979; Austin and

Baisinger, 1955; Dyrness and Youngberg, 1957; Mersereau and Dyrness,

1976; Cromack et al., 1978).

Slone

Slope length, angle and shape are the result of geology, climate

and erosional processes (Cromack et al., 1978; Dodge et al., 1978;

WRENS, 1979). Slope parameters affect the natural and accelerated
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erosion rates (Dodge et al., 1978). A variety of erosion studies has

measured increases in downslope movement as slope angle increases

(Anderson, 1951; Bennett, 1982; Hanson, 1983; Mersereau and Dyrness,

1972).

Slope angle influences the erosion processes operating on a slope

(Anderson, 1951; Hanson, 1983; Mersereau and Dyrness, 1972; Swanson,

1979). Eckern .(1944) found increases in transport distance by splash as

slope increased. Bennett (1982) found a predominance of dry season

movement on slopes greater than 60 percent; this follows previous

observations by Anderson et al., (1959) in Southern California. Where

overland flow operates, both slope length and angle increase the

erosivity and run off.

On steep slopes in forested watersheds micro-relief characteristics

are as important a feature as slope length and angle (Dissemeyer and

Foster, 1981; Swanson, 1979; Warkentin, 1982). Internal drainage

characteristics, pit and mound topography, large wood debris and mass

failure history contribute to the shape and degree of micro-relief on a

site. The micro-relief may be characterized as a slope roughness factor

(Dissemeyer and Foster, 1981; WRENS, 1979). Foster and Dissemeyer

(1981) have included an onsite storage factor as part of the C factor in

USLF. Concavities store transported sediment but can also be a source

of mass failure (Cromack et al., 1978).

Woody debris accumulation left on site is dependent upon the

management activity (Benoit, 1972; Dissemeyer and Foster, 1981). Logs

creating sediment dams after severe wildfires and slash burning reduce
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the sediment delivery to a stream channel (Benoit et al., 1972; Bridge

Creek Fire personal observation; Entiat Fire, personal observation).

Site Variability

Large variation is expected in field measurements of surface

erosion and annual sediment production from a given watershed (Sidle and

Larson, 1981; Warkentin, 1982). The variability associated with surface

erosion in forested watersheds managed for timber production may be due

to:

1. Hillslope variability this includes topographic factors (slope

length, angle and configuration), geologic and vegetative factors.

2. Climatic variability - -on a broad scale this can include

catastrophic events such as fire and extreme precipitation events.

Often pest outbreaks can be associated with climatic variability. On

the micro -scale this can include freeze-thaw and wetting cycles.

3. Soil variability - -spatial distribution of soil texture, soil

depth and litter depth.

4. Management variability this includes the long term history of

a site as well as recent management activities. When making comparisons

between watersheds, the variation in road location or road density can

be considered a management variable.

Dissameyer and Foster (1981) stated that as bare soil decreases to

less than 10 percent in forests, its nonuniform distribution is such

that the probability of eroded soil reaching the toe of a slope is low.

The spatial variation of litter distribution, concavities and irregular

nature of runoff paths contribute to the uncertainty of surface erosion

estimates.
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The contributing area for on-site sediment storage capacity is

highly variable at the micro-relief level of a hillsLope. One plot may

be situated on a relatively even plane whereas another might have

several concavities. Organic debris which can trap sediment is

spatially variable in its pattern and it influences the amount of

material reaching the catchment troughs.



STUDY DESIGN

EXPERIMENTAL DESIGN

Site and plot selection
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Site selection. Site selection was made in 1979 with the

participation of personnel from the Willamette National Forest. The

geomorphic criteria for a desirable study area included a convex, steep

to very steep hillslope to provide the desired slope classes. It was

agreed that the study should have a south to southwest aspect, since

these aspects have been observed to have the greatest rate of surface

erosion (Mersereau and Dyrness, 1972). The soil was to be as nearly

uniform asv possible. The desired logging method was to be full to

partial suspension, to minimize site disturbance from logging.

An inventory of current or immediately pending timber sales was

conducted in the late spring of 1979 to find a site that would satisfy

the above criteria. The Rosey #4 Sale Unit on the , T 17 S. ; R. 5 E. :

Sec. 20 in the Blue River Ranger District was selected (Figure 2).

The effects of slope and per cent duff cover on surface erosion

were assessed with duplicate plots of nine treatments, established as

shown in Table 2.

Table 2. Treatments

Treatments Slope % Duff cover retaining

moderately steep 28% 0, 50, 100
steep 41% 0, 50, 100
very steep 58% 0, 50, 100
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Each plot was 1.52 m2, encompassing an area of 0.00023 ha. Due to

the small size of the clearcut, 4.6 ha, and the difficulty in finding

the appropriate plots with the correct slope, randomization was done for

per cent duff cover after all plots were selected for slope (Figure 3).

Plot selection. The individual plots were sited in late August of

1979 (Table 3). They were established on the west side of the unit

Table 3. Plot description

Plot # Percent
duff

1 0

2 0

3 0

4 100
5 100
6 50

7 100
8 100
9 50

10 0

11 0

12 100
13 50
14 50
15 0

16 50
17 100
18 50

19 100
20 100
21 F. C.

22 F.C.
23 F.C.
24 F.C.

Border
position**

b & s
b & s
b & s
b
b
b
b
b
b
b & s
b
b
b
b
b & s
b
b
b
b & s
b
b & s
b & s
b & s
b & s

*Slope
class/degree

Slope
at plot

st/38 35%

st/47 52%
vst/59 58%
vst/65 61%
vst/53 59%
vst/47 61%

vst/50 59%

vst/60 54%
vst/60 57%
vst/52 61%
ms/49 19%
st/45 44%
st/49 42%

st/42 35%
mst/32 44%
mst/33 26%
mst/38 26%
mst/30 23%

st/26 38%
mst/31 30%
vst/58 38%
vst/57 49%
vst/ 59%
vst/61 45%

*Slope taken for area.
mst = moderately steep; st = steep; vst = very steep.

**b = borders at back; s = borders at sides.
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(Figure 3) because of a large amount of ground disturbance on the east

portion of the unit.

The criteria for plot selection were slope angle and minimal amount

of large logging slash. Slopes were initially selected by laying down a

1.52 m "two by four" and taking a slope reading with an inclinometer.

Another set of slope readings was taken at each plot using an Abney

level, shooting downslope (Table 3).

The potential plot areas were flagged and manually cleaned of large

logging slash. Extreme care was taken to avoid any disturbance of the

site. A fire trail was established around the plot perimeters to

protect the plots in the event of the unit slash burning getting out of

control.

Monitoring system

Catchment boxes. Most catchment boxes have fixed-90 degree angle

or semi-round troughs requiring excavation for installation. The

catchment box for this study had floor angles appropriate to the slope

of the plot; this minimized site disturbance during installation.

The boxes were constructed by Brainard Sheet Metal in Springfield,

Oregon, out of 12-guage galvanized metal. The box dimensions are 0.30 m

wide by 0.41 m high by 1.52 m long (Figures 4a and 4b). The box lid is

attached by hinges. The box lid has an upper lip 0.04 m high to

restrict water from dripping into the box and onto the plots.

A 5 cm diameter hole was punched out of the back wall of each box,

30.5 cm from one end and 1.3 cm from the box floor (Figure 4a).

Polyflex tubing leads from this hole into the suspended sediment



2.5 cm Lap Flashing 10 cm on all edges

Figure 4a. Design of erosion boxes (back view).
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collector. The metal apron in front of the box extends 2.54 cm. The

angles of the box floor are 27 degrees, 45 degrees, and 63 degrees.

Rebar sections, cut into 0.76 m lengths and driven into the ground

were used to secure the boxes. Holes were drilled in the boxes so that

metal twine could be slipped through and tied to the rebar.

Suspended sediment collector system. The suspended sediment

collectors were 50-gallon metal trash cans with lids. They were donated

by the Blue River and McKenzie Bridge Ranger Stations. Five an holes

were drilled on the side of each can. Polyflex tubing was attached

flush against the back of the catchment boxes and caulked; the tubing

was then extended into the collectors, where a plastic 7.6 1 bucket was

kept to catch runoff (Plate 1). Calgon was added to the buckets to

minimize freezing and to keep the colloidal material in suspension.

Plot Borders. The side borders for the erosion plots were made

from "two-by-fours"; the back borders were made from "two-by-eights."

Two and five tenth cm flashing was attached to the borders to prevent

water from dripping into the plots. The side borders had a 10.2 cm

extension at the cbwnslope end for attaching to the box (Figure 5). The

back borders were cut into 1.8 in sections for attaching to the side

borders. "Jahn" border bags (91.4 cm x 10.2 cm canvas bags) were filled

with dry sacrete, tied and laid down around the wooden borders.

The border bags were used to plug any gaps along the wooden borders

due to microtopography (Plate 1). The wooden borders were reinforced

with rebar driven into the ground. Wooden "two-by-four" stakes were

first used but due to rocks, large woody debris and slash, rebar was

found to work better.



Plate 1. Erosion boxes with suspended sediment collectors.
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All of the borders were cut into lengths and the flashing attached

at the Blue River Ranger District warehouse. Personnel at the Blue

River Ranger District contributed the time for this work. Figure 6 is a

plan for the completed erosion plot.

The cost for a bordered plot (including trash can) in 1979 was

$104. The cost for an unbordered plot was $76. An analyses of the cost

per plot is given in Appendix A.

20i installation. The erosion catchment boxes were installed from

October to November, 1979. An inclinometer was placed on the box lid to

ensure level installation. The boxes were laid in place from downslope

to protect the plot area.

One problem encountered with box installation was springyness of

the duff and the mat of fine roots, which prevented good contact of the

box lip with the mineral soil. The problem was eliminated by stripping

off any duff where the box floor was to lie. Garden shears were used to

remove any roots. The box was placed with a sawing movement of the lip

into and across the soil.

The box was then stabilized on the slope with rebar. Each piece of

rebar was hammered into the ground with a maul and then tied to the box

with metal twine.

The border bags were filled with Sacrete and pressed against the

outer wooden borders to conform to the border sites and microtopography;

rebar was then driven into the ground along the side of the border bags.

Bags were installed prior to a rainfall event so they would set up over

night.
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The final step was to mortar the apron to achieve good contact for

the box. The mortar was poured along the soil-box contact zone and a

clean sloping angle was made with a brick layer's trowel. This should

be done during sunny, dry, warm weather for rapid set up of the mortar.

After the mortar had set, any loose mortar was removed. Any cracks that

appeared in the mortar were filled.

The equipment required for plot installation is listed in Table 4.

The completed plots are shown on Plate 1.

Other erosion measurements. Two types of 3F Erosion Bridges used

by the California Division of Forestry (Ranger and Frank, 1978) were

installed at the southern boundary of the area on 70 percent slopes and

100 percent duff cover. The bridge consists of a 1.22 m aluminum

masonry level machined with two 3/8 inch chambered steel support pins at

either end. Ten vertical (5/16 in) measuring holes with chambered steel

pins fitting through the holes were used to make the measurements.

Due to rock slides and difficulty in making readings due to

steepness of slopes, the measurements were abandoned

EXPERIMENTAL METHODS

Erosion measurements.

The first year of monitoring (9/79 to 5/80), referred to as Water

Year, WY 80, was done with the duff intact to establish baseline data.

The method for duff removal will be discussed in the following section.

The catchment boxes and suspended sediment collectors were cleaned

appoximately once a month during WY 80. During Water Years 1981 and

1982 the average collection period was every two months.
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Table 4. Field equipment required to install plots

Equipment Use

1. Inclinometer site selection; exact slope level box

2. Flags site selection

3. Chain saw remove large debris

4. Pulaski fire trail

5. Soil spade box installation

6. Pocket knife box installation

7. Garden clippers box installation

8. Hammer borders

9. Tape plot dimensions

10. Maul rebar installation

11. Coffee cans, water mix mortar

12. Brick layer's trowel box apron

13. Caulk & caulking gun seal PVC into box and suspended
sediment collector

14. T square border edges

15. Shovel collector installation

16. Hand saw polyflex pipe

The material found in the boxes was placed in soil cans or bags.

The samples were separated into coarse (>2.0 mm) and fine (<2.0 mm),

organic and inorganic fractions. An aliquot was taken of material in

the suspended sediment collectors. A complete description of laboratory

methods is given in Appendix B.
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Plot treatments.

Timber management requires removal of fuels left after harvesting,

for a variety of silvicultural reasons and to decrease potential fuel

hazards. The questions of the amount of duff remaining has concerned

many soil scientists, foresters and land managers. Objective Number Two

of this study attempted to look at the rate of erosion with respect to

the percent duff cover.

The duff removal treatments were performed in September, 1980, by

J. Martinez of the Blue River Ranger District. The duff was burned off

to different degrees with a butane torch. The level of treatments do

not resemble the degree of burn in the adjacent clearcut unit. The

clearcut burn was more uniform with relatively little duff remaining.

After treatment the depth of duff was determined for each plot.

Nine equidistant points were selected on each plot and the depth of duff

was measured (Table 5).

Soil measurements.

Soil samples were taken by J. McKee in May, 1980, to determine

cation exchange capacity, organic matter, and soil pH at the 0-8 cm

depth and the 22-28 an depth. There were eight sample sites (Figure 7).

Previous erosion studies have shown that the size and amount of

water stable aggregates can be related to the erodibility of surface

soil (Dyrness, 1966; Wooldridge, 1965). Two samples from the forest

control and plot 3 were taken May, 1983, at the 0-8 cm depth for

measurement of water stable aggregates. Soil bulk density
determinations were made in the field on August 3, 1980. The method

used was the bead cone device (Flint and Childs, 1983). Infiltration
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Table 5. Depth of duff measured on erosion plots, November 3, 1980.

Plot no.
Average
depth-cm

Range of
depth -an

Burning
treatment

1 2.57 0-8.9 100%
2 1.93 0-6.6 100%
3 .79 0-2.8 100%
4 2.46 0-8.1 0%

5 6.65 .3-13.2 0%
6 2.18 0-8.9 50%
7 2.03 0-5.1 0%

8 7.57 0-16.5 0%
9 2.01 0-5.1 50%

10 2.59 0-8.1 100%
11 .74 0-3.0 100%
12 3.84 0-8.1 0%
13 .74 0-2.5 50%
14 .71 0-1.8 50%
15 .08 0-.5 100%
16 3.96 1.3-5.6 50%
17 2.54 .5-5.3 0%
18 2.92 1.0-10.2 50%

19 2.59 .5-4.1 0%

20 5.44 0-11.4 0%

capacities were determined at the study site in September and October,

1979, by the ring infiltrometer method. Samples were taken May, 1983,

to determine the K Factor (Figure 7).

Rainfall Ind temperature.

A nontipping, weighing rain guage was provided for the study by the

Willamette National Forest, Soils and Watershed Staff. The guage was

installed approximately in the middle of the study area prior to WY

1980.

A recording thermograph was installed adjacent to the rain gauge

but was removed because of improper functioning. Daily average, maximum

and minimum temperatures at Rosey were estimated from data collected at
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two nearby US Weather Stations, McKenzie Bridge Ranger Station

(elevation 450 m), which lies 15 km northeast of Rosey unit #4, and the

H. J. Andrews Experimental Forest, reference stand #38 (elevation 975 m)

which lies 22 km due north of Rosey (Waring et al., 1978; Rothacher et

al., 1967).

The data were analyzed to determine freeze-thaw events, which could

lift and loosen material, enabling it to be moved downslope under the

force of gravity. Surface freezing was assumed to have occurred if the

night low air temperature was below -3 degrees C and thawing if the low

air temperature was above -3 degrees C.

SITE CHARACTERISTICS

Site

The Rosey #4 Sale Unit, selected as the study site, was located in

the Old Cascade Range. The site was near Indian Ridge, within the Rider

Creek drainage, a Class IV drainage and a first order stream that drains

into Cougar Reservoir, a Class I body of water. The bedrock was

andesite overlain with glacial till.

The sale unit had a south to southwest aspect and an elevation

range from 670 in to 744 m. The soil was mapped as SRI 64 and 61.

The slope varied from 26 percent to 60 percent, the steepness

increasing downslope. The landform was a convex hillslope. Small

benches on the lower reaches of the slope broke the convex configuration

of the shoulder and sideslope.
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The dominant timber type was old growth Douglas fir (Pseudotsuga

menziesii) with a small portion of western hemlock ( Tsuga heterophylla),

with an estimated harvest volume of 660 MBDF. Harvesting was completed

in late summer, 1979, by Roseburg Lumber Company, using a tower with

partial and full suspension.

Vegetation

In September, 1979, G. Terrazas, botanist on the Willamette

National Forest, listed the vegetation in the clearcut area and in the

forest controls (Tables 6, 7, 8). Fewer species were found in the

burned plots than on the unburned plots, but all the species described

had been present prior to any treatments.

Table 6. Vegetation in forest controls

Tree Species

1. Pseudotsuga menziesii
2. Tsuga plicata
3. Tsuga heterophylla
4. Castanopsis chrysophylla

Shrub Species

1. Acer cercinatum
2. Berberis nervosa
3. Chimaphila menziesii
4. Gaultheria shallon
5. Rhododendron macrophylla
6. Rubus ursinus
7. Wbipplea modesta

Herbaceous 2paderz

1.

2.

3.

4.

5.

6.

Linnaea borealis
Pyrola picta
Polystichun munitum
Viola glabella
Adenocaulon bicolor

Douglas fir
western red cedar
western hemlock
golden chinquapin

vine maple
Oregon grape
little prince's pine
salal
rhododendron
trailing blackberry
whipplea

twinflower
white vein pyrola
sdordfern
pioneer violet
pathfinder
various mosses
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Table 7. Vegetation in clearcut prior to fuels treatment

Tree Species

1. Pseudotsuga menziesii
2. Tsuga heterophylla
3. Castanopsis chrysophylla

Shrub Species

1. Acer circinatum
2. Acer macrophylla
3. Berberis nervosa
4. Chimaphila menziesii
5. Gaultheria shallon
6. Holodiscus discolor
7. Rhododendron macrophylla
8. Rosa gymnocarpa
9. Robes parviflorus

10. Rubus ursinus
11. Whipplea modesta

Herbaceous dies

1. Achlys triphylla
2. Adinocaulon bicolor
3. Eplobium augustifolium
4. Galiuu triflorum
5. Hieraciun albiflorum
6. Linnaea borealis
7. Conyza canadensis
8. Polystichum munitum
9. Antennaria neglecta

10. Cirsium vulgare

Douglas fir
western hemlock
golden chinquapin

vine maple
bigleaf maple
Oregon grape
little prince's pine
salal

ocean spray
rhododendron
rose
thimbl eberry

trailing blackberry
whipplea

vanilla leaf
pathfinder
fireweed
sweet scented bedstraw
white hawkweed
twinflcwer
Canadian thistle
swordf ern

pussytoes
comnon thistle

IA=

In July, 1982, T. Miglioretto estimated vegetative cover, duff

cover, other cover and bare ground, using a point sampling frame as

described by Mueller -Dombois and Ellenberg (1974). There was a

significant difference in the percent of duff remaining at the various

treatment levels as well as a large difference in percent of bareground

for different duff treatments (Table 9). The means for percent duff
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Table 8. Vegetation within plot borders, June 25, 1982

Unburned Plots

1. Hieracium albiflorum
2. Gaultheria shallon
3. Berberis nervosa
4. Cirsium vulgare
5. Lolium perenne
6. Epdlobium augustifolium
7. Whipplea modesta
8. Epilotium minutum
9. Rubus ursinus

Burned Plots

1. Adinocaulon bicolor
2. Corylus cornuta
3. Hieracium albiflorun
4. Epilobiun minutum
5. Cirsium

white hawkweed
sal al

Oregon grape
common thistle
perennial ryegrass
fireweed
whipple vine
small - flowered will

trailing blackberry

pathfinder
hazelnut
white hawkweed
small-flowered willow
common thistle

cover and percent bare ground for the different duff treatments on July,

1982, are shown in Table 10.

Climate

The study area is characterized by a moderate climate; the winters

are mild and wet, the summers dry and warm. The annual precipitation

recorded at the H. J. Andrews Experimental Forest, approximately 22.4 km

from the study area, is 92 inches/year with 80 to 90 percent of the

total rainfall falling during the autumn and winter (Harr, 1979).

Rainfall intensities at the H. J. Andrews have averaged 0.12 inches/hour

during the fall and may reach intensities of 0.24 inches/hour to 0.51

inches/hour (Rothacher et al., 1967).

An estimate of the rainfall at the study site for all collection

periods was made by interpolating data from McKenzie Bridge Ranger
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Table 9. Condition of plot surfaces, measured June 24, 1982

Plot np.
Cover

% Plant cover % Duff % Other* % Bare Soil

1 54 20 3 23
2 50 3 5 42
3 54 29 5 12
4 49 12 21 18
5 21 43 27 9
6 31 20 20 29
7 55 5 13 27
8 32 44 17 7
9 44 14 5 37
10 55 13 8 24
11 39 41 4 16
12 57 30 8 5
13 36 14 8 42
14 46 21 8 25
15 31 5 4 60
16 58 21 10 11
17 44 32 19 5
18 27 48 8 17
19 49 46 4 1
20 34 40 23 3

*Other: rocks, large pieces of bark & wood, etc.

Table 10. Duff characteristics

Treatment
cover remaining

Measured Measured
duff cover bare soil

Average depth of

duff-cm

100% 32% 9% 4.14
50% 23% 27% 2.08
0% 18% 30% 1.45

Station and the H. J. Andrews Experimental Forest watershed #2 and

comparing this with the limited rainfall data collected at the study

site (Tables 11 and 12). A multiple regression was performed with Rosey



40

Table 11. Total rainfall during each water year

Location
Water Year '80 Water Year '81

inches inches

Rosey 51.4 72.6
H. J. Andrews 63.9 90.8
McKenzie Bridge
Ranger Station 52.6 65.1

Unit #4 as the dependent variable and the other two sites as the

independent variables. The equation is: Rosey predicted = 8.14 x 10-3

+ (HJA) (.701) + (MBRS)(.123), with an R2 value of 0.91.

Table 11 shows the amount of rainfall recorded at each site per

collection period. The highest intensity recorded at Rosey was 0.80

inches/hour during a storm event on January 11, 1980. The average

annual precipitation at the site during the study period was 75

inches/year.

Snow cover was also estimated from interpolation of data from the

McKenzie Bridge Ranger Station and Cougar Reservoir Dam recording

station, elevation 384 m, which lies 6 km north of the site (S. Howick,

National Weather Information Center). Percent days with snow cover

during each collection period was calculated (Table 12).

.Sclia properties

A detailed soil description was made by J. McKee and G. H. Simonson

in May, 1980. Ten sites were chosen for detailed soil descriptions (See

Appendix C). A generalized profile description for the area is as

follows:



Table 12. Characterization of precipitation at the site

Collection period

Total Rosey
precipitation

RJA*
pptn.
Taal

No. of
days
>1.5"

MBRS**
pptn.
Total
inches

No. of
days
>1.5"

No. of
freeze-thaw
MBRS RJA

No. of
days with
snowcoverMeas.

----inches-
Calc.

1. 11/6/79-12/17/79 5.9 13.6 2 10.8 .2 1 7
2. 12/18/79-1/1/80 5.0 4.3 2.3 0 -
3. 1/2/80- 1/30/80 14.2 12.4 15.3 3 12.5 3 14 17
4. 1/31/80-2/27-80 6.3 6.8 8.5 1 5.0 - 1 -
5. 2/28/80-4/21/80 12.4 13.1 16.0 1 12.6 - - 7
6. 4/22/80-10/1/80 8.2 6.2 9.4 - 1 -
7. 10/2,/80-11/3/80 3.5 4.5 - 2.4 - 5 -
8. 11/4/80-1/7/81 26.7 33.7 10 23.5 7 23 11
9. 1/8/81-1/28/81 2.8 3.5 1.9 6 -
10. 1/29/81-4/1/81 17.4 21.5 3 15.0 2 8 2
11. 4/2/81-5/11/81 4.1 5.6 6.7 1 4.7 - 1
12. 5/12/81-6/11/81 3.9 5.6 7.7 1 4.7 - - 1 -
13. 6/12/81-7/15/81 2.5 3.0 2.2 - -
14. 7/16/81-10/14/81 8.5 10.2 1 9.2 1 - - -
15. 10/15/81-12/9/81 21.0 27.0 4 19.5 1 - -
16. 12/10/81-3/22/82 42.6 54.3 12 30.8 7 24 31 49
17. 3/23/82-5/8/82 12.1 - - - -
18. 6/1/82-6/24/82 2.0 2.2 - - - -

*HJA H. J. Andrews Forest
**MBRS - MacKenzie Bridge Ranger Station
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Oi 8-5 an -- needles, twigs, leaves, and grass.

Oe 5-0 an -- decayed organic matter.

A 0-15 cm dark brown (7.5 YR3/3) fine gravelly loam, strong
fine granular structure; slightly hard; friable; slightly
sticky; nonplastic; many fine and medium roots; many fine
irregular pores; many 2-5 nun shot-like fragments; 5-10 percent
angular coarse pebbles and 8-20 cm size cobbles; medium acid;
clear smooth boundary.

BA 15-36 cm -- dark reddish brown (5 YR3/3) very gravelly loam;
moderate medium granular structure; slightly hard; friable;
slightly sticky; nonplastic; many fine and medium roots; many
fine irregular pores; many 2-5 mm shot-like fragments; 15
percent angular coarse pebbles and 8-15 cm size cobbles; medium
acid; gradual smooth boundary.

Bw 36-61 cm -- reddish brown (5 YR4/4) very gravelly loam;
moderate medium subangular blocky structure; slightly hard;
friable; slightly sticky; slightly plastic; medium roots; many
fine irregular pores; few 2-5 mm shot-like fragments; 35
percent angular coarse pebbles and 8-15 cm size cobbles;
strongly acid; gradual smooth boundary.

C 61-123 cm -- dark yellowish brown (10 YR4/4) very cobbly clay
loam; weak coarse subangular blocky structure; friable;
slightly sticky and slightly plastic; few roots, common very
fine irregular pores; 50-60 percent angular coarse pebbles and
8-15 an size cobbles.

R 123 an -- hard fractured andesite bedrock.

Soils within the Rosey unit were relatively uniform. The variation

was in depth and in content of coarse fragments. The major soil present

was the Klickitat series, a member of the loamy skeletal, mixed mesic

Typic Haplumbrept family. The shallow inclusion was in the Kilchis

series, a loamy, skeletal soil. The USLE K value is 0.1 for the

Klickitat and 0.15 for the Kilchis series. Soils from the site had

values ranging from 0.20-0.27.

The soil texture in the A and BA horizons varied from very gravelly

loam to fine gravelly loam. The textures of the Bw and C included very

to extremely gravelly or cobbly loam s and clay loam s.
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Cobbles and a few stones are abundant in the mineral horizons, ranging

from 5 to 10 percent in the A horizon and from 15 to 35 percent in the B

horizons. Cobbles and stones increase with depth to between 50 and 80

percent in the C horizon.

Soil color ranges from 5 YR3/3 to 7.5 YR3/3 in the A horizon. The

BA horizon varies from 7.5 YR to 5 YR and from 3 to 4 in value. The hue

of the Bw horizon is either 7.5 YR4/4 or 10 YR4/4. The changes in hue

occur betwen the BA and Bw or Bw and C horizons.

Soil profile thickness ranges from 70 cm to 125 cm, most of the

area being less than 100 cm to fractured bedrock. Soil depth is

extremely limited near a rock outcrop in the southwest corner. Within

10 to 20 feet (3.3 to 6.6 m) of the outcrop, the soil depth is 30 cm of

very gravelly loam. Ups lope from the outcrop the soil is still a very

gravelly loam, but the soil depth ranges from 41 to 46 cm. This

inclusion is located near erosion plot #3.

There is some variation in the depth of the duff layer at the

different profile sites. Disturbance has left surface irregularities of

1 to 3 feet.

Measured soil characteristics

The cation exchange capacity (CEC) was very high for both the

surface soil (0-8 cm depth) and the subsoil (22-28 cm depth). The mean

value for the 0-8 cm depth was 24 meq /100 gm and the mean value at the

22 to 28 an depth was 26 meg/100 gm (Table 13).

The organic matter content was relatively high; the mean value for

the 0 to 8 cm depth samples was 6.1 percent. The soil pH ranged from

strongly acid to slightly acid (Table 13).
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Table 13. Characterization of soils

Site

Cation
exchange Organic

Depth capacity matter
-cm- me/100 g percent

PH

1 0-8 28 5.4 5.8
22-28 24 2.1 5.4

2 0-8 23 5.4 6.1

3 0-8 24 6.8 5.5
23-25 23 2.6 5.5

4 0-8 22 7.6 5.7

5 0-8 24 4.1 5.4
25-28 29 3.0 5.3

6 0-8 22 5.4 5.8

7 0-6 28 5.8 6.1
25-29 26 5.4 5.7

8 0-8 23 8.6 5.8

The bulk density at the 0 to 8 cm depth ranged from 0.72 g/cm3 to

1.05 g/cm3, with a mean value of 0.89 g /cm3 (Table 14). The bulk

density determinations also involved measurement of the percent coarse

fraction and the percent fine fraction. The mean value for the coarse

fraction was 51 percent (Table 14).

The water stable aggregate analysis showed highly water-stable

aggregates, with the greatest percentage being in the greater than 1.0

mm size fraction. The 1983 aggregate analysis samples showed a high

percentage of water-stable aggregates in the 1.0 mm fraction for the

forest sites but a smaller percentage in the clearcut (Table 15).
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Table 14. Soil bulk density and coarse fragment content

Site
Total soil
bulk density

g /c&

Fine fraction
bulk density

Coarse
fragments

Fine
fragments

percent--

1 0.94 .44 64 36

2 0.81 .50 46 54

3 0.72 .36 58 42

4 1.01 .57 56 44

5 0.92 .69 34 66

6 0.85 .53 46 54

7 0.81 .50 48 52

8 1.05 .58 57 43

Mean 51 49



46

Table 15. Size of water stable aggregates in surface soil samples

Site
% Stable aggregates

>1 mm 1-0.5 mm 0.5-0.25 mm

1 63 9 6

2 61 11 7

3 56 15 10

4 50 16 8

5 51 13 11

6 52 15 10

7 62 9 6

8 60 9 6

Erosion plot
#3, 1983 40 15 19

Forest control,

1983 59 19 11
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RESULTS AND DISCUSSION

The observed mean values for collection of inorganic and organic

material in the clearcut for each year are presented in Table 16.

Table 16. Total material collected at clearcut plots

Material Unburned 1980 Burned 1981 Burned 1982
------T/ha

Inorganic 0.31 0.52 0.70

Organic 0.17 0.43 0.44

The observed values for the very steep plots and the forest
controls for each year are presented in Table 17.

Table 17. Total material collected at very steep plots and forest
control plots

Material
Unburned

1980

Forest
control

Burned
1981

Forest
control

Burned
1982

Forest
control

T/ha

Inorganic

Organic

0.92

0.37

0.0

0.01

0.95

0.80

0.04

0.02

1.30

0.80

0.01

0.07

The amount of material for each slope class will be discussed by

comparing pre and post treatment results. Eroded soil measured in the

four fractions for each plot for each water year can be found in

Appendix D.
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FOREST CCNTRCL PLOTS

Inorganic material collected

Movement of inorganic material was not observed at the forest

control plots during WY 80. Movement of coarse and fine inorganic

material was measured in WY 81. During WY 82 only coarse inorganic

material was measured. The total mean mass of inorganic material for

the three years of observation was 0.04 T/ha/yr. The observed value

matches those found in previous studies of forested plots (Patric and

Evans, 1983; Swanson and Grant, 1982). The total mean mass during the

first three years of observation for the fine earth fraction (<2.0 mm)

was less than 0.01 T/ha. The yearly mean values are presented in Table

18.

Table 18. Mean values of material collected at forest control plots

Water Coarse Fine Coarse Fine
year inorganic inorganic organic organic

T/ha

1980 0 0 0.04 0
1981 0.09 0.02 0.03 0.03
1982 0.02 0 0.14 0.07

Organic material collected

Organic material moved into the collection boxes in each Water

Year, the greatest mass being the coarse (>2 mm) organic fraction. The

mean annual value was 0.10 T/ha. Table 18 presents the mean observed

values.
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CLEARCUT PLOTS

Water Year 1980. the Base Line Year

Inorganic material collected. Minimal surface soil movement was

observed at most plots. The mean value for total inorganic material

collected for all plots was 0.03 T/ha. The only movement was on very

steep and steep plots. The mean values by slope class are presented in

Table 19.

Table 19. Inorganic material collected at clearcut plots, Baseline Year

Slope class
Fine

inorganics
Coarse

inorganics
Total

inorganics
T/ha

Moderately
steep 0 0 0

Steep 0 0.02 0.02

Very
steep 0.16 0.76 0.92

Plots 4 and 5 contributed the most material (See Appendix E). Both

plots are in the very steep slope class and had patches with no duff

cover. In December, 1979, micro-debris avalanches were noted at plot

#4. Repair work on the mortar apron contact at plots 4 and 5 in

November may have contributed material.

The greatest amount of sediment measured at a plot was between

January 2 and January 31, 1980. During this period 14 freeze-thaw

events occurred and needle-ice formation was observed The cumulative

precipitation during this period was 12.5 inches.
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During the Base Line Year suspended sediment was not found in any

samples from any plots.

Analysis of variance was performed for total and fine inorganic

material collected. The results are presented in Tables 20 and 21.

ANOVA tables are in Appendix F.

Table 20. Effect of duff and slope on total material collected

Dependent variable
Probability of exceeding

Significance F value

Duff effect

Slope effect

none 0.52

none 0.15

Table 21. Effect of slope on fine inorganic material collected

Dependent variable
Probability of exceeding

Significance F value

Very steep vs.
forest controls

Slope

none 0.52

none 0.25

Organic material collected. The greatest volume of organic

material in the clearcut was coarse organics, such as twigs, cones,

needles and bark. The mean value for total organic movement was 0.17

T/ha/yr, of which 0.14 T/ha was in the coarse fraction. Total

collection for each plot may be found in Appendix E.
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Inorganic material 021=Lesi.in post- treatment years

Moderately steep and steep slope plots. Movement of inorganics

increased each water year at the steep plots but decreased at the

moderately steep plots. The values observed during the two years are

presented in Tables 22 and 23.

Table 22. Post-treatment inorganic material collected at moderately
steep plots

Water year Coarse inorganic Fine inorganic Total inorganic
T/ha

1981 0.34 0.09

1982 0.18 0.16

0.43

0.34

Table 23. Post-treatment inorganic material collected at steep plots

Water year Coarse inorganic Fine inorganic Total inorganic
T/ha

1981 0.14 0.05

1982 0.27 0.20

0.19

0.47

The plots with highest yield for each slope class and during each

year of observation are presented in Tables 24 and 25.

During the first year after treatment the moderately steep plots

had greater movement of inorganics than the steep plots. In the second
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Table 24. High yielding plots at moderately steep sites

Wateryear Plot
Coarse

inorganic
T/ha

Fine
Plot inorganic

T/ha
Plot

Total
inorganic

T/ha

1981

1982

15

11

1.68

0.74

15 0.31

11 0.38

15

11

1.99

1.11

Table 25. High yielding plots at steep sites

Water year Plot
Coarse

inorganic
T/ha

Fine
Plot inorganic

T/ha
Plot

Total
inorganic

T/ha

1981 2 0.18 2 0.44 2 0.49

1982 1 0.69 2 0.63 2 1.26

year after treatment, plots at the steep slope class produced the

greatest mean amount of inorganic material.

During Water Year 1981 the high yielding plot at the moderately

steep slope class was plot 15 which was treated for 0 percent duff cover

and had 60 percent bare soil. During Water Year 1982 plot 11 was the

highest; plot 11 was treated for 0 percent duff and had 16 percent bare

soil. At the steep slope, plot 2 produced the greatest amount of

inorganic material during Water Year 1981 and again in 1982. Plot 2 was

treated for 0 percent duff and had 23 percent bare soil.

During Water Year 1981 plot 15 contributed the most material during

a 30.5 day collection period (Table 26). During Water Year 1982 plot 1
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Table 26. Major erosion events for moderately steep and steep plots
during Water Year 1981

Collection Fine inorganic material Number of Number of
period .for 30.5 days days with freeze-

precip. thaw
Plot Date days grams T/ha 1.5 "/day events

15 11/4/80 33 14.3 0.06 0 5

15 1/8/80 65 11.9 0.05 13.5 23

16 1/8/80 65 9.5 0.04 13.5 23

16 6/12/81 31 9.5 0.04 0 1

16 11/4/80 33 7.6 0.03 0 5

16 6/12/81 31 6.3 0.03 0 1

15 4/2/81 63 5.7 0.02 3 5

2 4/2/81 63 5.4 0.02 3 5

ranked first for a major collection event. Freeze-thaw cycles preceeded

the number one events during both water years (Table 27).

Very steep plots. The movement of inorganic material increased

after fuels treatment. The values observed during the two years of

observation after burning are presented in Table 28.

The high yielding plots in the very steep slope class are presented

in Table 29. Plots 4 and 5 were both treated for 100 percent duff.

Plot 4 had 18 percent bare soil, plot 5 had 9 percent bare soil.

Inorganic material increased each year for both size fractions.

Erosion accelerated with time and erosion pavement was observed on the

plots in June, 1982.
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Table 27. Major erosion events for moderately steep and steep plots
during Water Year 1982

Collection Fine inorganic material Number of Number of
period LQL 30.5 days days with freeze-

precip. thaw
Plot Date days grams T /ha 1.5 "/day events

1 6/1/82 69 27.5 0.12 0 6

2 6/1/82 69 24.6 0.11 0 6

14 6/25/82 24 22.1 0.10 0 0

2 6/25/82 24 20.1 0.09 0 0

2 3/22/82 103 19.9 0.09 10 28

Table 28. Post-treatment inorganic material collected at very steep
plots

Water year Coarse inorganic Fine inorganic Total inorganic
T/ha

1981 0.74 0.21 0.95

1982 0.96 0.34 1.30

Table 29. Post-treatment high yielding plots at very steep sites

Coarse Fine Total

Wateryear Plot inorganic Plot inorganic Plot inorganic
T/ha T/ha T /ha

1981 4 1.95 4 0.45 4 2.40

1982 5 2.37 5 0.99 5 3.36
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Plot 4 contributed the most material during any 30 day collection

period. Plot 3 contributed the most material during a collection period

in 1982. Unlike the major events at the moderately steep and steep

slope classes, neither events on the very steep plots were preceeded by

freeze-thaw cycles (Tables 30 and 31).

Table 30. Major erosion events for very steep plots during Water Year
1981

Plot Date

Collection
period

days

Fine inorganic
Igl 30.5

material
days

T/ha

Number of
days with
precip.
1.5 "/day

Number of
freeze -

thaw
eventsgrams

7 7/16/81 34 39.9 0.17 0 0

3 1/8/81 65 19.8 0.09 10 23

4 4/2/81 63 14.3 0.06 3 5

4 7/16/81 34 11.7 0.04 0 0

4 6/12/81 31 11.6 0.04 0 0

4 5/12/81 43 10.9 0.04 1 1

3 11/4/80 33 10.3 0.04 0 5

Analysis of variance was performed for each water year ,the

dependent variable being fine inorganic material. The results are

presented in Tables 32 and 33.

Post treatment organic material collected At all slope classes

The observed mean rates of inorganic movement in the clearcut for

each Water Year are given in Table 34.



56

Table 31. Major erosion events for very steep plots during Water Year
1982

Plot Date

Collection

,i2grj-21

days

Fine inorganic material
fox 30.5 days

Number of
days with
precip.
1.5 "/day

Number of
freeze-
thaw
eventsgrans T/ha

3 6/25/82 -24 43.8 0.19 0 0

5 3/27/82 103 37.6 0.16 10 28

5 6/25/82 24 17.9 0.08 0 0

4 6/25/82 24 17.0 0.08 0 0

5 6/1/82 69 16.5 0.08 0 10

9 6/1/82 69 13.1 0.06 0 10

4 6/1/82 69 11.2 0.05 0 10

7 3/22/82 103 10.1 0.04 10 28

9 6/25/82 24 9.3 0.04 0 0

Table 32. Analysis of variance for very steep plots in Water Year 1981
Dependent variable is fine inorganic material

Independent variable Significance
Probability of exceeding

F value

Percent bare ground

Percent duff cover

Forest controls vs
clearcut

none

none

significant

0.25

0.50

0.025
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Table 33. Analysis of variance for very steep plots in Water Year 1982
Dependent variable is fine inorganic material

Independent variable
Probability of exceeding

Significance F value

Percent bare ground none 0.25

Percent duff cover none 0.25

Forest controls vs
clearcut none 0.25

Water Year 1981
vs 1982 none 0.10

Table 34. Post-treatment inorganic material collected at clearcut
plots

Water year Coarse inorganics Fine inorganics Total inorganics
T/ha

1981 0.41 0.12 0.53

1982 0.47 0.23 0.70

The total mean values closely approximate those observed in other

erosion monitoring studies (Patric and Evans, 1983; Megahan, 1972;

Mersereau and Dyrness, 1972).

The mean rates by slope class during the two post treatment years

are presented in Table 35.

Analysis of variance was performed for all slope classes, the

results are presented in Tables 36, 37, 38, 39.
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Table 35. Post-treatment collection of inorganic material by slope
class

Slope class Coarse inorganic Fine inorganic Total inorganic
T/ha

Moderately steep

Steep

Very steep

0.26 0.13 0.39

0.21 0.13 0.33

0.85 0.28 1.13

Table 36. Analysis of variance for all slope classes in Water Year 1981
Dependent variable is fine organic material

Independent variable
Probability of exceeding

Significance F value

Duff cover

Slope

none 0.99

none 0.25

Table 37. Analysis of variance for all slope classes in Water Year 1981
Dependent variable is total material

Probability of exceeding
Independent variable Significance F value

Duff cover

Slope

none 0.24

none 0.27

Only slope had a statistically significant effect on measured

erosion, and only during Water Year 1982.
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Table 38. Analysis of variance for all slope classes in Water Year 1982
Dependent variable is fine inorganic material

Independent variable
Probability of exceeding

Significance F value

Duff cover none 0.50

Slope significant 0.025

Table 39. Analysis of variance for all slope classes in Water Year 1982
Dependent variable is total material collected

Independent variable
Probability of exceeding

Significance F value

Duff cover

Slope

none 0.63

none 0.12

Slope always had a larger effect than duff cover as shown by the

probabilities. A correlation matrix was calculated for the different

variables (Table 40). There was a high correlation between total

material and the different fractions (0.84 to 0.94). Slope was more

highly correlated than duff cover with amount of eroded material.

Post treatment collection Di organic material

The mean value for all slope classes of organic material that moved

into the boxes in the clearcut was 0.40 T/ha during Water Year 1981.

The measured mean value during Water Year 1982 was 0.44 T/ha. The

observed values are presented in Tables 41 and 42.
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Table 40. Correlation matrix for erosion variables

Coarse Fine
organic organic Coarse Fine

Variable matter matter mineral mineral Total

Duff class 0.20 0.16 0.28 0.16 0.25

Slope class 0.49 0.50 0.64 0.48 0.62

Coarse OM 0.86 0.70 0.64 0.87

Fine OM 0.76 0.87 0.91

Coarse mineral 0.73 0.94

Fine mineral 0.84

Table 41. Mean collection of organic material for all slope classes in
Water Year 1981

Slope class Coarse organic Fine organic Total organic
T/ha

Moderate

Steep

Very steep

0.19

0.10

0.65

0.06

0.05

0.15

0.25

0.25

0.80

During water Year 1981 organic movement was the same at the

moderate and steep plots. During Water Year 1982 organic movement

decreased by 0.03 T/ha on the moderately steep plots and increased by

0.05 T/ha at the steep plots. The mean average was identical during

both water years on the very steep plots.
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Table 42. Mean collection of organic material for all slope classes in
Water Year 1982

Slope class Coarse organic Fine organic Total organic
T/ha

MOderate

Steep

Very steep

0.15

0.15

0.51

0.07

0.15

0.29

0.22

0.30

0.80

Suspended sediment

The water in the suspended sediment collectors was examined each

time a collection was made. No visible turbidity was present until

January 29, 1981. At this time the plots had been treated for duff

cover and winter rainfall events had occurred. Water samples were taken

when turbidity was observed and analyzed for suspended sediment by

drying an aliquot of suspension. The greatest amount, 250 ppm, was

found on plot #4, which had also yielded the greatest amount of

inorganic material in the collection box. The average sediment

concentration in 13 samples was 86 ppm. The samples yielding the

greatest amount were from the steep slope class and with some duff

removal. Since the amounts were so small in comparison to the sediment

collected in the catchment boxes, no further suspended sediment samples

were taken.

The process by which water moved into the suspended sediment

collectors will be discussed in the summary and conclusions.
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The collection .f inorganic material during Water Year 1983

Two collections were made during Water Year 1983. The collection

period was 232 days. The values measured during the collection period

are presented in Tables 43 and 44.

Table 43. Inorganic material collected in Water Year 1983 by slope
class

Slope class Coarse inorganic Fine inorganic Total inorganic
T/ha

Moderate 0.03 0.02 0.05

Steep 0.02 0.02 0.04

Very steep 0.18 0.09 0.27

Table 44. Plots with highest erosion, by slope class, for
Water Year 1983

Coarse Fine Total
Slope class Plot inorganic Plot inorganic Plot inorganic

T/ha T/ha T/ha

Moderate 15 0.08 15 0.04 15 0.12

Steep 2 0.07 2;13 0.04 2 0.11

Very steep 5 0.48 5 0.27 5 0.75

Caution must be exerted when drawing any conclusions about surface

movement during Water Year 1983. The dry season collection is not shown

and this may be of particular significance at the very steep plots

(Anderson, 1965; Bennett, 1982; Mersereau and Dyrness, 1972).
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The amount of material moving at all the slope classes was less

than that measured in previous years. The moderately steep and steep

plots closely approximated each other. Plots 15 and 2 continued to

yield the highest amount of material. Plot 5 was again high in the very

steep slope class.

If the observed decreases in erosion continue, the data supports

previous findings that the rates decrease in the 4th and 5th years after

harvest activities (Swanson and Grant, 1982).

RELATIONSHIP OF MEASURED VALUES TO PREDICTED

SURFACE EROSION USING THE MSLE

Field observations were made in May, 1983, at plots 15, 2 and 6 to

gather appropriate data for MSLE calculations. The USLE subfactor C as

developed by Dissemeyer and Foster (1981) was used. The predictions

were limited to the clear cut, as MSLE is not appropriate for

determining surface erosion in the undisturbed forest (Patric, 1982).

The K factor was determined using particle size distribution and

saturated conductivity values from the study site. The K value for

plots 2 and 15 was 0.20 and for plot 6 was 0.27. The calculated and

measured values for modified soil loss are presented in Table 45.

The MSLE greatly over-predicted the measured erosion. The over -

prediction is due to processes other than overland flow operating at the

plots. Larson (1982) substantiated the over-prediction using MSLE where

infiltration rates are high such as at Rosey #4.
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Table 45. Modified soil loss equation (MSLE) predictions and
measured erosion values

Plot
Predicted
MSLE 1982 Measured value

T/ha

15 2.97 0.32

2 2.72 1.26

6 4.92 1.06

VARIABILITY

Surface erosion on harvested, steep forest lands varies due to

inherent variability in land form, timber harvest methods, soil and

experimental measurements. In this study, plots were burned

individually to remove duff. Removal of large slash prior to installing

the plots could have increased or decreased susceptibility to erosion at

the site. The placement of back borders was designed to limit the

contributing source area; in some instances this may have caused

variation due to site contributing area. The loss of contact between

the erosion box and the apron could result in variation of soil

collected. Albedo of the boxes at different slope position could create

variability in micro-climate.

The sampling interval varied over the three years, and added

another source of variation. Different individuals sampled during the

three years, causing a small source of variation. During the three

years, several alternative lip installations were made to determine the
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appropriate method for future studies. This adds a source of variation

to amount of material trapped and to the efficiency of the catchments.

The plot area is small, therefore, sampling points represent only a

small percentage of the area. Micro-relief, cover and litter depth, and

spatial distribution of litter are all sources of plot variation.
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SUMMARY AND CONCLUSIONS

EROSION VALUES

General

The amounts of eroded material collected varied by a factor of more

than 100 between plots with the same treatment.

A mean average rate of 0.04 T/ha/yr was observed for total

inorganic movement in the forest controls; of this amount 0.01 T/ha/yr

was in the fine fraction. The natural rate of erosion at the study site

was similar to values quoted by Swanson and Grant (1982) of 0.03 to 0.28

T/ha/yr in the western Cascades of Oregon. The values also parallel

those reported by Patric (1982) for humid forests of North America of

0.11 to 0.22 1/ha/yr. According to Patric and Evans (1983) one-third of

700 observations for forest erosion reported rates less than 0.04

T/ha/yr.

Moderately steep plots

No surface erosion was measured in the first water year. Movement

was less than 0.50 T/ha/yr for inorganic material after the burning

treatment. The average for total inorganic material was greater during

Water Year 1981 than Water Year 1982. The moderately steep plots

produced greater inorganic material than the steep plots. The

collection of organic material increased after burning but was less in

Water Year 1982 than in 1981 by 0.03 T/ha/yr.
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Steep plots

The steep plots yielded relatively little inorganic material before

burning (Water Year 1980). During Water Year 1981 the steep plots

yielded 0.19 T/ha of inorganic material, which was less than the

moderately steep plots. In Water Year 1982 the steep plots yielded an

average value of 0.47 T/ha of inorganic material; two times as much as

in the previous Water Year. The fine inorganic fraction average during

Water Year 1982 was 0.20 T/ha, five times as much as in Water Year 1981.

The Water Year 1983 average for total inorganic collection was 0.04

T/ha.

Very steep plots

The very steep plots contributed a relatively large amount of

inorganic material during each Water Year; the amounts of total

inorganic material increased each Water Year. During 1980 and 1981 the

mean total for inorganics was greater than 0.90 T/ha/yr. In 1982 the

mean value for total inorganic material was 1.30 T/ha/yr. This value

probably underestimates the true amount of material that moved, as many

of the collection boxes had broken contacts with the soil.

The observed value of total inorganics collected in Water Year 1983

(232 days of observation) was 0.27 T/ha. The collection of total

organic material was 0.80 T/ha/yr in 1981 and 1982.

Suspended sediment

Water was almost always present in the suspended sediment

collectors, but it was usually clear. No visible turbidity occurred

until January 29, 1981. Turbid water could indicate that overland flow
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occurred on the site. Turbidity could also be due to water flow over

leaf surfaces where soil has been mixed due to logging or animal

disturbance. No overland flow or signs of overland flow were observed

at the plots during the study. Rainfall or snow could have been blown

into the boxes, resulting in water in the collectors.

TRENDS

Surface erosion increased with slope. The movement of organic

material and inorganic material both followed this trend. There was a

significant difference between the very steep plots and the forest

controls during Water Year 1981. Slope had a statistically significant

effect on collection of fine inorganic material during Water Year 1982.

Duff and percent bare soil were not found to have a statistically

significant effect on erosion. The plots which contributed the greatest

material did not always have the greatest percent bare soil; they were,

however, all treated for 0 percent duff.

At the moderately steep and steep plots, freeze-thaw events

preceded all of the 1981 major erosion events and 3 of the 5 major

events in 1982. At the very steep plots, freeze-thaw events occurred

occasionally prior to a major erosion event.

During the first three years of the study, surface erosion of

inorganic material increased each year, with one exception. Coarse

inorganic material movement was greater during Water Year 1981 at the

moderately steep plots than in Water Year 1982. At the moderately steep

and steep plots the increase in rates was considerable since there was
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virtually no movement of material prior to burning. The 1983 values

indicate a marked reduction in erosion.

At the very steep plots the rates increased each Water Year up to

1983; the 1983 value for 232 days was 0.27 T/ha. The 1982 value for

total inorganics was 1.33 T/ha compared to 0.02 T/ha at the forest

control sites.

In summary, slope was the dominant variable influencing movement.

The difference in rates between very steep plots and the forest controls

was significant. The other variables such as duff treatment, percent

bare soil and freeze-thaw events had an effect during some years.

IMPLICATIONS FOR MANAGEMENT

Surface erosion is occurring at the study site. If the rates

observed at the forest control plots are considered to be the natural

rate for the site, values in the clearcut can be referred to as

accelerated erosion due to management. The T Factor, which represents

tolerable soil loss, has long been recognized in agricultural soil

management. T Factors (tons/acre/yr of soil loss) for steep forested

regions are either non-existent or qualitative guesses. The measured

erosion values should be used to arrive at T values related to forest

harvest activities. A quantitative T Factor can be arrived at only

after years of data collection at erosion plots.

Slope was the dominant factor influencing erosion. The U. S.

Forest Service needs to continue to match the appropriate harvest system
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to slope at the site. Erosion studies should be carried out at sites

with varying suspensions.

The duff reduction concept developed in Region 6 should be expanded

by fuels managers at the District level. The last forty years of work

in fuels management has provided the land manager with the data and

tools to implement proper fuels treament.

Percent bare ground was related in some instances to high erosion.

Collectors could be installed in harvest units to measure the amount of

soil loss at different degrees of duff reduction. The long term product

would be more data for T values.

There was appreciably more duff on the treated plots than in the

clearcut that was slash-burned. The method of burning used on these

plots did not simulate a true burn. A greater degree of surface

movement was observed on the unit in May, 1983.

The gross over-prediction of rates of erosion provides the land

manager with further data to reject use of the MSLE until further

modification.

In summary, erosion plot studies are needed to arrive at values of

tolerable soil loss for a soil series or SRI map unit. Erosion plot

studies will provide quantitative data on the effects of slope, duff,

harvest system, and other factors such as texture, aspect and elevation.

Only through quantitative collection can a model for predicting soil

loss be arrived at in the future.
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FUTURE SURFACE EROSICN STUDIES

Recording thermographs, soil moisture probes and recording rain

gauges should be an integral part of any erosion study. A thorough

analysis of surface erosion rates related to climatic events could then

be attempted. This requires either personnel at the site every week or

relaying equipment. More direct observations are required of erosion

after freeze-thaw events to establish whether this is a major mechanism

for soil detachment.

Measurements would have to be carried out for five to eight years

to answer questions about changes in erosion rate with time after clear-

cutting. The longer the duration of the study the better the

understanding of rates and of the effect of extreme climatic events.

Splash collectors should be installed on various treatments. This

would allow a study of whether surface aggregates and particles are

moved by rainfall impact. These subplots would also permit greater

precision for monitoring changes in water-stable aggregates.

Further analysis of contributing area and onsite storage are

needed. Research is needed on K factors in the forested watersheds

where organic matter exceeds 4 percent and skeletal soils are often the

norm. Statistical analysis of duff distribution is needed along with

distribution of large pieces of slash.
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APPENDIX A: COST PER PLOT IN 1979 PRICES

a. System utilized in this study:

1. Erosion box + mortar lip $47.00
2. Collector system, includes PVC pipe 26.00
3. Wooden borders nailed and flashed 6.50
4. Border bags, filled with sacrete 20.00
5. TWine and rebar per plot 4.60

Total Cost: $104.00

Approximate man hours per plot = 1 day

b. Cost per erosion plot bordered with only
border bags and no suspended sediment system $ 74.00

c. Cost per erosion plot bordered without suspended
sediment collector system $ 78.00

d. Cost per unbordered erosion plot $ 76.00
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APPENDIX B: LABORATORY METHODS

1. Separation of material from the catchment boxes into coarse and fine

inorganic and organic fractions

a. The samples collected from the boxes were dried for 2 days in an

oven at 60 degrees C and weighed.

b. Each sample was then sieved through a 2.0 nun screen to separate

coarse and fine fractions.

c. The material on the 2.0 mm sieve was lowered into a basin of

water. The organic material which floated to the surface was

screened off, collected, and recorded as coarse organic. The

material remaining on the sieve was recorded as coarse

inorganic.

d. Both organic and inorganic coarse fractions were then oven dried

for 2 days at 60 degrees C and weighed.

e. The material passing through the 2.0 mm sieve was weighed. A

subsample of approximately 4.0 g was placed in a crucible,

weighed, and then placed in the muffle furnace at 550 degrees C

for 6 hours. The sample was cooled and reweighed.

f. The weight of fine inorganic material(less than 2.0 mm) was

calculated as follows:

Weight of material
remaining in the crucible X

Weight of subsample O.D. weight of material <2.0 mm

g. The weight of organic material less than 2.0 mm was calculated

by difference as the weight loss on heating at 550 degrees C.
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2. Suspended sediment analysis

a. A measured volume of suspension (500 ml) was poured into a

preweighed beaker.

b. The sample was oven dried and reweighed. The weight of dry

matter left as residue was the suspended sediment.

c. Calculation of percent dry matter:

Weight of dry matter
x 100 = Percent dry matter

Volume of suspension

Percent dry matter x 10,000 = ppm

3. Measurement of plant cover

A point sampling frame was used. The frame is 100 cm in length,

stands about 50 cm off the ground, and has holes appoximately 10 cm

apart. Ten point aluminum pins are lowered vertically through the holes

on the frame. The kind of cover which the pin touches is recorded.

Ten sets of 10 points were taken on each plot to give a 100 point

sampling for each plot. The first set of points was taken 5 can from the

side border and every 15 can thereafter.
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APPENDIX C: DETAILED SOIL DESCRIPTION

Approximate
slope Site Depth Description

UPPER SLOPE (EROSION BOXES 15-19)

30 %

33 %

32%

1. 24" total
A 0-17"

2. 4 it total

01 1 1/2"
Oe 1 1/2"
A 3-14"
BA 14-24"
Bw 24-36"

C 36-48"

3. 3.01 total

Oi 1"
Oe 1-2"
A 2-12"
BA 12-20"

C 20-30"
R >30"

Disturbed surface, coarse gravelly
loam 5 percent stones and cobbles,
5YR3/3.

Increase in coarse fragments after 3
ft
Needles and twigs
Decayed
Fine gravelly loam (shot-like), 5YR3/3
Fine gravelly loam, 5YR3/4
Gravelly loam, 7.5YR4/4, angular
gravel 1-2"
Extremely gravelly loam, 10YR4/3,
angular gravel >2"

Fine very gravelly loam, 5YR3/3
Very gravelly loam, 7.5YR3/4, angular
cobbles 3-5"
Extremely gravelly loam, 10YR4/4
Fractured rock

MIDDLE SLOPE (EROSION BOXES 1, 2, 12-14, 20)

35%

31%

10. 101 Total
Oi
Oe
A

BA

B2

8. EL' total
Oi 0-2"
A 2-9"

Very gravelly loam, 7.5YR3/3, 10
percent cobbles
Very gravelly loam, 7.5YR3/4, 29
percent cobbles
Very gravelly clay loam, 10YR4/4

Very gravelly loam
Very gravelly loam
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38%

BA 9-19"

Bw 19-26"

C 26-40"

7. >40" total

47% 6. 411!! total

Oi 0-2"
Oe 2-2 1/2"
A 2 1/2-12"

BA 12-23"
Bw 23-36"
C 36"
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Very gravelly loam (shotty), 7.5YR3/4
15 percent cobbles 3-5"
Very gravelly loam, 10YR4/4, roots
found up to 26"
Extremely gravelly loam, 10YR4/4, 80
percent gravel (angular rock
fragments).

Shotty gravelly loam (coarse), many
rock fragments, no clay loam, good
root distribution

Sawdust accumulation
Decayed
Gravelly, Snotty loam, 5 percent
cobbles > " wide
Gravelly shotty loam
Light clay loam
Weathered bedrock

LCWER SLOPE (SHALLOW SOILS, MORE CLAY IN LOWER HORIZCVS, EROSICN BOXES
3-11)

55% 5. 22: 1QW.
A 0-2"
BA 2-10"
Bw 10-20"
C 20-22"

50% 4. 36" total
Oi 0-1"
02 1-3"
A 3-9"
BA
Bw
C 24"
R 24-36"

55% 9 26" total
Oi 0-2 1/4"
A 2 1/4-8"

BA 8-16"
Bw 16-26"

C 26"

Gravelly Snotty loam
Gravelly loam
Loam, 10YR4/4 cobbley
Fractured bedrock

10 percent angular cobbles (3-6")
20 percent angular cobbles (3-6")
Gravelly loam
Gravelly loan
Loam, 10YR4/4 cobbles (3-6")

Gravelly loam (shotty)
Very gravelly fine loam, 7.5YR3/3,
many fine roots
Gravelly loam, 7.5YR3/4 fine roots
Very gravelily loam, 7.5YR4/4 35 per-
cent cobbles
Very gravelly light clay loam, 7.5-
YR4/4, 75 percent cobbles and gravel
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APPENDIX D: FINE MATERIAL COLLECTED, TCNNES/HA

Box
no.

11/79
WY 1
- 10/2/80 10/2/80

WY 2
- 10/15/81

WY 3
10/16/81 - 9/7/84

Total FOM F Min Total FOM F Min Total FOM F Min

1 .15 -- -- .36 .11 .07 1.49 .27 .31
2 .09 -- -- .83 .15 .17 1.78 .30 .71
3 .17 -- -- .36 .08 .19 .70 .09 .18
4 3.84 .37 .76 3.12 .16 .44 2.40 .23 .46
5 2.29 .26 .44 2.15 .18 .24 5.31 .90 1.00
6 1.11 .06 .03 4.78 .48 .31 2.46 .38 .20
7 .29 .01 .02 2.17 .18 .41 1.55 .25 .29
8 .20 -- -- .60 .03 .01 1.55 .26 .25
9 2.40 .01 .01 .59 .05 .06 2.44 .15 .18
10 .09 -- -- 1.08 .05 .06 .36 .07 .06
11 .03 -- -- .26 .03 .01 .82 .15 .07
12 .06 - - .52 .01 .01 .13 .04 .02
13 .05 -- -- .20 .01 .02 .34 .01 .07
14 .19 -- -- .12 .01 .01 .76 .14 .12
15 .20 __ __ .74 .15 .31 .76 .11 .13
16 .05 -- -- .71 .09 .22 .54 .08 .08
17 .04 -- -- .60 .03 .03 .11 .02 .01
18 .06 - - .17 .04 .03 .07 .02 .01
19 .01 __ __ .03 -- -- .03 .01 .01
20 .10 __ __ .08 .01 -- .22 .03
21 .04 -- -- .47 .01 .08 .18 .06 -
22 .06 -- -- .11 .04 .01 .25 .08 --
23 .04 -- -- .15 .01 .04 .34 .07 .02
24 .05 -- -- .48 .24 .13 .21 .04

*EOM = fine organic material
**F Min = fine mineral material
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APPENDIX E: TOTAL MATERIAL COLLEUTD FOR THREE EROSION SEASONS
(NOVEMBER 1979 TO SEPTEMBER 1982)

Box #

Organic Mineral

Total>2mm <2mm >2mm
-------grans

<2mm

1 103 88 180 88 459
2 87 106 224 204 621
3 96 36 64 83 279
4 439 162 1050 355 2006
5 559 311 993 388 2251
6 779 190 651 116 1736
7 210 96 419 157 882
8 142 54 193 56 445
9 109 44 996 55 1204

10 96 24 190 24 334
11 92 36 96 19 243
12 31 7 106 4 148
13 66 23 11 120 220
14 113 35 68 30 246
15 119 54 94 95 362
16 83 35 101 66 285
17 135 9 8 8 160
18 38 12 9 9 68
19 11 2 0 3 16
20 80 9 1 1 91
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APPENDIX E: TOTAL MATERIAL COLLECTED IN BOXES, WY 1980
(X)11 ER 1979 TO OCIOBER 2, 1980)

Box #

Organic Mineral

>2rrm <Inn >2rim <2rrm
,rams

1 31 1 1 1
2 15 1 2 1
3 40 0 0 0
4 143 85 483 176
5 116 61 249 102
6 66 13 170 7
7 42 3 17 5
8 29 0 18 0
9 58 3 491 3

10 20 0 0 0
11 7 0 0 0
12 13 0 0 0
13 12 0 0 0
14 16 0 27 0
15 45 0 0 0
16 12 0 0 0
17 8 0 1 1
18 12 0 1 0
19 3 0 0 0
20 21 1 0 0
21 8 0 0 0
22 14 0 0 0
23 10 0 0 0
24 10 0 0 0
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APPENDIX E: TOTAL MATERIAL COLLECIED IN BOXES, WY 1981
(OCTOBER 2, 1980 70 OCTOBER 15, 1981)

Box #

Organic Mineral

>arm <2rrm >2rrm <2rtm
grams

1 21 25 20 16
2 41 35 75 40
3 19 18 4 43
4 129 37 452 102
5 205 42 194 55
6 581 110 339 72
7 102 41 264 94
8 76 6 54 3
9 32 11 73 13

10 61 11 165 13
11 39 6 13 3
12 10 3 104 2
13 37 3 1 5
14 17 3 5 2
15 25 35 39 72
16 46 20 48 50
17 121 6 6 6
18 18 8 6 6
19 7 0 0 0
20 17 2 0 0
21 15 2 72 19
22 9 8 7 2
23 22 3 0 10
24 19 55 8 29
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APPENDIX E: TOTAL MATERIAL COLLECTED IN BOXES, WY 1982
(OCTOBER 16, 1981 TO SEPTEMBER 7, 1982)

Box #

Organic Mineral

>2nm <2nm >2mn <2nm
grams

1 51 62 159 71
2 31 70 147 163
3 38 21 60 42
4 217 53 176 107
5 238 208 550 231
6 242 87 202 45
7 75 58 158 66
8 85 60 157 57
9 23 35 464 42

10 19 17 34 13
11 51 34 87 17
12 13 8 5 4
13 26 23 12 17
14 80 32 36 28
15 53 25 68 29
16 30 18 56 20
17 18 5 1 2
18 8 4 2 3
19 1 2 0 3
20 42 6 1 1
21 23 13 6
22 26 19 13
23 56 16 6 1
24 27 10 6 5
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1. Anova summary table for Water Year 1980

Source D.F. S.S. M.S. F value

Total 19 58307.2

Duff 2 0.85 46909.5 0.77

Slope 2 0.23 128683 2.12

Col x Row 4 0.81 22302.6 0.37

Error 11 60676.5

2. Anova tables for Water Year 1980; dependent variable is fine
inorganic material

a. Very Steep vs. Forest Controls

Source D.F. S.S. M.S. F value

Total 11 0.13 0.01

Treatment 1 0.01 0.01 1.20

Error 10 0.12 0.01

0.10 = 3.28
0.05 = 4.96
0.01 = 10.04



b. Slope
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Source D.F. S.S. M.S. F value

Total 19 0.13 0.01

Treatments 2 0.04 0.02 2.0

Error 17 0.09 0.01

0.10 = 2.64
0.05 = 3.59
0.01 = 6.11

3. Anova table for water year 1981; independent variable is fine
inorganic material

a. Effect of Percent Bare Ground at Two Levels (0 - 25 percent and 25
percent bare ground) On Very Steep Plots

Sources D.F. S.S. M.S. F value

Total 7 0.08 0.01

Treatment 1 0.01 0.01 1.0

Error 6 0.07 0.01

0.10 = 3.78
0.05 = 5.99
0.01 = 13.74
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b. Percent Duff Cover

Source D.F. S.S. M.S. F value

Total 7 0.04 0.01

Treatments 2 0.01 0.01 1.0

Error 5 0.03 0.01

0.10 = 3.78
0.05 = 5.79
0.01 = 13.27

c. Forest Controls vs Very Steep Plots in the Clear Cut

Source D.F. S.S. M.S. F value

Total

Treatment

Error.

11

1

10

14,882.92

5,776.21

9,106.72

1,352.99

5,776.21

910.67

6.34

0.10 = 3.28
0.05 = 4.96
0.01 = 10.04



4. Anova table for Water Year 1981; dependent variable is fine
inorganic material for all slope classes
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a. Effect of Duff

Sources D.F. S.S. M.S. F value

Total 19 0.09 0.005

Treatments 2 0.0004 0.002 0.002

Error 17 0.01

0.10 = 2.64
0.05 = 3.63
0.01 = 6.23

b. Effects of Slope

Sources D.F. S.S. M.S. F value

Total 19 0.10 0.01

Treatments 2 0.03 0.01 2.50

Error 17 0.07 0.004

0.10 = 2.64
0.05 = 3.63
0.01 = 6.23
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5. Anova tables for Water Year 1982; dependent variable is fine
inorganic material for all slope classes

a. The Effect of Duff Cover

Source D. F. S.S. M.S. F value

Total 19 1.11 0.06

Treatments 2 0.14 0.07 1.17

Error 17 0.97 0.06

0.10 = 2.99
0.05 = 4.38
0.01 = 8.18

b. The Effect of Slope

Source D.F. S.S. M.S. F value

Total 19 1.11 0.06

Treatments 2 0.40 0.20 5.0

Error 17 0.71 0.40

0.10 = 2.99
0.05 = 4.38
0.01 = 8.18
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6. Anova tables for Water Year 1982; dependent variable is fine
inorganic material for very steep plots

a. Effect of Duff

Source D.F. S.S. M.S. F value

Total 7 0.57 0.08

Treatments 2 0.19 0.09 1.13

Error 5 0.38 0.08

0.10 = 3.78
0.05 = 5.79
0.01 = 13.27

b. Effect of Percent Bare Ground at TWo Levels (0 - 25 percent and 25
percent Bare Ground)

Source D.F. S.S. M.S. F value

Total 7 0.57 0.08

Treatments 1 0.19 0.05 0.56

Error 6 0.52 0.09

0.10 = 3.78
0.05 = 5.99
0.01 = 13.74



c. Forest Control vs. Clear Cut Plots
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Source D.F. S.S. M.S. F value

Total 11 0.72 0.07

Treatments 1 0.15 0.15 2.50

Error 10 0.57 0.06

0.10 = 3.28
0.05 = 4.96
0.01 = 10.04

d. Water Year 1981 vs Water Year 1982

Source D.F. S.S. M.S. F value

Total 15 0.70 0.05

Treatments 1 0.09 0.09 2.25

Error 14 0.61 0.04

0.10 = 3.10
0.05 = 4.60
0.01 = 8.86

7. Anova summary table for total inorganic material during Water Year
1981

Source D.F. S.S. M.S. F value

Total 19 0.14 77411.6

Column 2 0.14 99990.1 1.56

Row 2 0.12 89835.9 1.41

Col. x Row 4 0.26 97083.2 1.52

Error 11 6389.4
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8. Anova summary table for total inorganic material during Water Year
1982

Source D.F. S.S. M.S. F value

Total 19 86571.2

Column 2 0.04 33781.5 0.48

Row 2 0.20 165052 2.36

Col. x Row 4 0.30 119729 1.71

Error 11 69842.8
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APPENDIX G: CONVERSION FACTORS

1 hectare = 10,000 m2 = 2.471 acres

1 ton (short) = .907 tonne = 2000 pounds

1 tonne = 1000 kg = 1,000,000 grams

1 pound = 453.6 grams

1. Area of plot: 1.52 m x 1.52 m = 2.31 m2

a. in hectares:

1 ha x 2.31 ma = 0.000231 ja_
10,000 11112 plot plot

b. in acres:

0.000231 ha x 2.471 acres = 0.0005708 acres
1 plot ha plot

2. grams/plot to tonne/ha

grams x 0.000001 tonne x 1 plot = tons
plot gram 0.000231 ha ha

3. grams/plot to ton/acre

grams x 0.0000011 tons x 1 plot = tons
plot gram 0.0005708 acre acre


