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Systematic Watershed Analysis Procedure for

Clearwater National Forest

DALE WILSON, RICK PATTEN, AND WALTER F. MEGAHAN

Natural and man-caused disturbances, including roads, may cause accelerated
on-site erosion, increased downstream sedimentation, and changes in channel
conditions. A procedure has been developed to estimate the magnitude of
these effects on the Clearwater National Forest based on a land systems inven-
tory that uses the “landtype”, which is defined as a unit of land that has simi-
lar landform, geologic, soil, and vegetative characteristics. The dominant ero-
sion hazards, which include surface erosion and rotational and debris landslides,
are evaluated for each landtype in a watershed. The efficiency of a landtype
to deliver eroded material into the channei system as sediment is also evaluated
for each landtype. Erosion and sedimentation data collected locally or
extrapolated from nearby areas with similar characteristics are used to estimate
the erosion and sedimentation responses of road construction, timber harvest,
and forest fire.. Predictions can be made for undisturbed conditions and also
to determine the effects of past or proposed management alternatives. Pre-
dictions are sensitive to changes in erosion over time. A relation based on
analyses of 65 watersheds makes it possible to define allowable increases in
sediment production based on channel equilibrium conditions. The procedure
is useful to transportation planners because it provides a means to evaluate

the effects of alternative road locations and road design features and aflows
scheduling construction over time to minimize unwanted effects.

There has been considerable interest in recent years
in the effect of alternative cultural practices on
water quality. On forest lands, the pollutant of
primary concern is sediment, and the primary cul-
tural practice that causes accelerated sediment is
road construction (1). This is particularly true in
the western United States, where accelerated sedi-
mentation following road construction commonly
results from both surface and mass erosion processes
(2).

Various procedures have been developed to esti-
mate the effects of alternative soil-disturbing
practices on erosion. Most of these were developed
on agricultural lands (3,4) and have subsequently
been adapted to other types of soil disturbances,
including construction sites and roads (5,6). Unfor-
tunately, these methods have limited application for
evaluating road erosion in much of the mountainous
West because they are not adapted to snowmelt condi-
tions, they do not consider gulley and mass erosion,
and they make no provision for subsurface flow
intercepted by roadcuts.

We have developed a procedure for predicting the
effects of alternative watershed disturbances, which
include road construction, timber harvest, and
forest fire. The procedure uses a systems approach
based on the landforms found in the basin, empirical
data to estimate the effects of disturbance on
annual surface and mass erosion, and the resulting
response in both annual sediment yields and channel
equilibrium conditions., By wusing the Clearwater
National Forest procedures, responses are measured
in terms of changes in annual sediment yields and
channel equilibrium conditions and are usually
evaluated over a period of less than 20 years.

ROLE OF LANDTYPE

The "landtype" is one stratum of the hierarchical
land systems inventory described by Wertz and Arnold
(7). The higher-level strata, which include physio-
graphic provinces, sections, and subsections, are
all delineated on the basis of climatic and geologic
differences and are roughly classified by size as
greater than 1000 mile?, 100~1000 mile?, and
25-100 mile? for each level, respectively. Further

stratification requires the evaluation of additional
factors, including landform, soils, and vegetation.
The landtype association reflects a common genesis
for a group of lands and can range in size from 10
to 25 mile?. The basic land unit used for the
watershed analysis procedure is the landtype itself,
and it is defined as an area of land with similar
landform, parent material, soil, and  vegetation
characteristics. Landtypes range from 40 to several
hundred acres in size and average about 150 acres.
Guidelines and additional background information on
the delineation of landtypes are available elsewhere
(8-11) .

Landtypes and Slope Hydrology

Landtypes are used as the basic component for de-
scribing the watershed system because factors used
to delineate landtypes are the same factors that
influence the hydrologic function of slopes. Charac-
teristics that describe slope hydrology, or how a
slope handles water, include (a) slope shape, (b)
slope length, (c) slope gradient, and (d) surface
drainage characteristics (12).

When analyzing slope hydrology, it is helpful to
consider how a slope disposes of water and how the
above-mentioned factors influence runoff timing, as
follows:

Slope shape influences whether
water 1is dispersed or concentrated. Slope shape
classes mapped include the following: (a) class
1--slopes that are convex horizontally disperse
water movement in all directions; this tends to
discourage concentration and decreases contributing
area to streams that originate on the slope; (b)
class 2--straight slopes accumulate water in
straight flow paths down the slope; and (c) class
3-~horizontally concave slopes concentrate water
movement to common points; this increases the con-
tributing area of streams that originate on the
slope.

2. Slope length: Longer slopes tend to accumu-
late more water on the lower portions of the slopes.

3. Slope gradient: Steeper slopes decrease the
time of concentration of slope water movement and
increase flow velocities.

4. Surface drainage characteristics: Slope
dissection, stream density, stream length, and
entrenchment all affect time of concentration and
contributing area of slope water movement.

1. Slope shape:

Soil and parent material characteristics used to
delineate landtypes include soil mantle depth, soil
texture, soil structure, soil consistency, bedrock
type, bedrock weathering, and bedrock jointing and
fracturing. Bach factor modifies mantle drainage
and, subsequently, the subsurface water movement on
slopes. Soil and bedrock characteristics can vary
within a landtype but occur in a predictable pat-
tern; thus, differences are reflected in the overall
slope hydrology.

The last basic criterion that describes the
landtype is vegetative habitat type (13). This also
indicates basic slope hydrology by expressing rela-
tive soil moisture regimes over the slope throughout
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the year. Vegetative habitat types are used to
define soil mantle stability through correlation
with vegetative cover and vegetative recovery poten-
tial.

Delineation and Description of Landtypes

The actual landtype delineation process requires,
first, delineation by landform, which is a morpho-
logical descriptor. Landform is described by slope
shapes, slope length, slope gradient, etc., and
landtypes are classified and mapped by aerial photo-
graph interpretation. Field traverses that cross
representative areas of each mapping unit are then
taken to provide detailed site information. Pat-
terns of landform, soils and vegetative habitat
types, and general parent material characteristics
are described and extrapolated over the mapped
areas. The mapping units are then transferred from
the aerial photographs to 1:24 000 scale topographic
maps. A final, detailed landtype description is
developed for each unique mapped unit and includes a
general description and setting, physical landform
characteristics, slope hydrologic properties, parent
material, soil, and vegetation characteristics.

Landtype Erosion Hazards

Interpretations of the hazards for various kinds of
erosion, including rotational mass wasting, debris
avalanche, and overland flow erosion, are made for
each landtype in order to define the relative sedi-
ment production potential for each area of land.
Ratings for each attribute are classified relatively
from very low (class 1) to very high (class 5).

Rotational Mass Wasting Hazard

Rotational mass wasting is defined as movement that
occurs along internal slip surfaces (usually concave
and upward) with backward tilting common. Movement
is wusually deep seated in response to increased
subsurface water concentrations in the vicinity of
the slide plane (14). Hard bedrock surfaces do not
constitute the slippage plane. Criteria used 1in
evaluating the hazard are incidence of subsurface
water concentration, mantle depth, soil and bedrock
characteristics, and evidence of past rotational
failures. These factors are interrelated, but they
are discussed individually.

Slope hydrologic characteristics describe an
incidence of subsurface water concentration., Factors
considered are slope shape, slope gradient, drainage
density, lower-order stream characteristics, and
mantle drainage characteristics. Areas with a high
incidence of subsurface water concentration include
stream headlands with convex-shaped slopes that
change to concave shapes where large numbers of
first-order streams originate. Also, subsurface
water concentrates in deep-mantled, weakly dis-
sected, over-steepened slopes (streambreaks) where
almost all slope drainage is subsurface, which
causes water concentrations in middle and lower
slopes. An example of an area with a low incidence
of subsurface water concentration would be low
relief lands with a well-developed, high-density,
dendritic drainage pattern.

Soil cohesive strength of the mantle also affects
rotational mass wasting potential. This is evalu-
ated by using pertinent soil and geologic charac-
teristics such as type of bedrock and soil textural
properties. For example, sandy soils developed from
quartzites with large percentages of coarse frag-
ments have much lower cohesion strength than silt
loam and silty clay loam soils developed from mica-
ceous shists.
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Debris Avalanche Hazard

Debris avalanches are defined as rapid and usually
sudden sliding of usually cohesionless mixtures of
soil and rock material that range in depth from
several inches to 4-5 ft (14). Criteria used to
assess the hazard are slope gradient, slope shape,
aspect, surface soil creep hazard class, and evi-
dence of past debris avalanches such as slide scars,
talus slopes, and colluvial cones or fans at the toe
of the slopes.

Debris avalanches are most common on steep,
concave slopes with soils susceptible to surface
creep. On the Clearwater National Forest, most
debris avalanches occur when the heads of draws are
overloaded with sediment eroded from adjoining
slopes through dry surface creep. The occurrence of
a large, high-intensity hydrologic event (often rain
on snow) triggers the debris avalanche.

Surface creep is the gravitational movement of
solid particles dislodged by various processes such
as raindrop splash, wind, frost action, and animal
movement. Criteria used to assess surface creep are
slope gradient, aspect, soil cohesion and coeffi-
cient of friction, soil particle size, and vegeta-
tive cover potential. surface creep is a gravity
process; therefore, slope gradient 1is a dominant
factor. Aspect influences the frequency of freeze-
thaw cycles that occur during the spring. Soil
cohesion and particle size refer to surface soil
properties. Loose, noncohesive soils with large
particle sizes are much more susceptible to gravity
movement than fine-grained cohesive soils. Vegeta~
tive cover greatly reduces surface creep by reducing
surface temperature fluctuations and protecting the
soil surface from particle movement.

Overland Flow Erosion Hazard

Overland flow erosion refers to erosion caused by
tractive forces developed by water running over
undisturbed natural surfaces bared of vegetation.
This erosion occurs as sheet erosion and rilling.
Factors used to rate surface erosion hazard are
based on the detachability of soil particles and the
potential for occurrence of overland flow and are
very similar to those used for rotational mass
wasting: slope shape and slope gradient, mantle
depth, and soil particle detachability. Raindrop
splash or overland flow is required to detach and
move particles. Slopes that concentrate water have
the greatest potential for overland flow (for ex-
ample, steep concave slopes that concentrate runoff
from a larger area into a smaller area). Landforms
that exhibit this property include breaklands,
stream headlands, and glacial cirque basins. Broad
convex ridges have a lower potential for overland
flow because runoff is dispersed over the slope.

Thin soil mantles are more 1likely to have over-
land flow than thick so0il mantles that occur on
similar slopes because of more limited water storage
capacity. Soil particle detachability is a function
of the apparent cochesion of individual soil parti-
cles within the soil matrix. For example, coarse-
textured, single-grain soils are more susceptible to
particle detachment than cohesive soils with strong
structures.

Slope Delivery Efficiency

On-site erosion is only manifest at downstream
locations as sediment if the eroded material is
delivered to the stream. Thus, the ability of a
given landscape to deliver sediment downslope
(termed slope delivery efficiency) is an important
concern. Specifically, slope delivery efficiency
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describes rates at which water and sediment are
transported from different slopes to the water
system, including ephemeral draws. Slope delivery
efficiency defines the role the landtype plays in
sediment production in a watershed and refers to the
ratio of sediment delivered into the water system
over a 5~ to l0-year period.

Slope delivery efficiency for mass erosion is
based on data that quantify downslope delivery of
landslide material collected on more than 600 land-
slides on the Clearwater National Forest (15). Slope
characteristics used to interpret slope delivery for
each landtype are slope gradient, slope shape, slope
dissection density, and internal relief. Ratings
for slope delivery efficiency are made similar to
erosion hazard ratings that range from very low
(class 1) to very high (class 35).

SEDIMENT PREDICTION FROM FOREST MANAGEMENT PRACTICES

The hazard ratings derived for each landtype provide
the basis for quantification of sediment yields from
watersheds in both the undisturbed state and follow-
ing alternative kinds of land use practices. The
simulation technique generates probable sediment
rates caused by accelerated mass erosion on each
landtype from roading, logging, or fire. It also
generates sediment caused by induced surface erosion
from road prisms, logging, or fire. A natural
sediment rate is generated to interpret the magni-
tude of effects with respect to a specific watershed
system and its water resource values.

Basic assumptions involved in the sediment pre-
diction process include the following:

1. Sediment yields can be simulated and used as
expected annual volumes per unit area of the system
routed to the mouth of the system.

2. Natural sediment vyields are generated by
in-channel erosion of banks and stored sediment in
beds. This material 1is supplied principally by
long-term mass movement (slumps and slides; debris
avalanches, flows, and torrents; and creep) and, to
a lesser degree, by natural surface erosion that is
a function of catastrophic wildfires.

3. Mass erosion and surface erosion can be
treated as separate processes, although in fact they
are often interactive and interelated. Essentially,
mass erosion is assumed to be accelerated by manage-
ment activities, while surface erosion from wild-
fires, roads, and logging is induced or created by
activities. The erosion products are delivered to
the channel system by distinctly dJdifferent pro-
cesses: mass erosion is a colluvial or gravity
process while surface erosion is moved principally
by flowing water. Many of the same landtype prop-
erties are used to determine delivery efficiency for
the two types of erosion processes, but the influ-
ence of those properties is different.

Natural Sediment Rate

The natural sediment rates, expressed as tons per
square mile of watershed area per year, are derived
from a composite on-site erosion hazard based on a
weighted average of the individual on-site erosion
hazards developed for each landtype. The composite
on-site erosion hazard is calculated as follows:

Composite on-site erosion hazard = (0.4 x rotational mass wasting hazard)
+ (0.4 x debris avalanche hazard) + (0.2 x overland flow
erosion hazard) (1)

The weighting factors are based on the fact that
most natural sediment production on the Clearwater
National Forest is caused by mass erosion that feeds
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material directly to stream channels. However, some
overland flow erosion occurs following natural
wildfires. Megahan and Molitor (16) found a total
of 700 tons/mile? of soil loss from surface ero-
sion after a wildfire on landscapes similar to those
on the Clearwater National Forest. Soil losses were
highest immediately after the burn and decreased to
zero within five years in response to vegetative
regrowth. The average wildfire frequency for vege-
tative types on the Clearwater National Forest is
estimated to be about 140 years (17). Based on a
wildfire erosion rate of 700 tons/mile? in 5 years
and a fire frequency of 140 years, the average
overland flow erosion from natural wildfire over a
fire cycle is 5 tons/mile?/year. Megahan (18)
reported an average annual sediment yield of 25
tons/mile?/year for undisturbed drainages similar
to those on the Clearwater National Forest. About 5
tons/mile?/year or 20 percent of this is caused by
long-term surface erosion from fire on the Clear-
water National Forest. The remaining 80 percent is
divided about equally between rotational mass wast-
ing and debris avalanche, hence the weighting fac-
tors of 0.4 for rotational mass wasting and debris
avalanche and 0.2 for surface erosion.

Watersheds with landtypes similar to those on the
Clearwater National Forest have been shown to yield
average annual sediment volumes that range from
about 10 to 100 tons/mile?/year (18,19). Values
within this range were assigned to each landtype
identified on the forest based on the landtype's
relative composite on-site erosion hazard. Each
landtype's contribution is summed and weighted by
area to account for potential sediment from all the
lands in the watershed system.

This wvalue provides an estimate of the total
potential sediment for basins of similar size to the
basins where the original data were collected. These
study basins ranged from 0,15 to 2.5 mile? in size
and averaged about 1.0 mile? (18). In order to
estimate sediment yields for larger basins, it is
necessary to correct for losses caused by channel
storage. This is done by multiplying by a channel
routing coefficient. The coefficient (C) is ob-
tained from a relation developed by Roehl (20) by
using a water shed area (A) in sqguare miles. Roehl's
original relation is adjusted to provide a coeffi-
cient of 1.0 at 1 mile? as follows:

C=A"018 ?)

The procedure to estimate natural sediment vyields
from composite erosion hazard used on the Clearwater
National Forest is adapted from a general procedure
in use by the Forest Service, U.S. Department of
Agriculture, in the northern Rocky Mountains (21).

Sediment from Accelerated Mass Erosion

The basic premise for quantifying sediment from mass
erosion processes is that management activities
accelerate natural mass erosion potential. The
amount of increase is based on the landtype mass
erosion hazard rating developed by using the rota-
tional mass hazard, the debris avalanche hazard, and
the slope delivery efficiency determined for a
landtype, as follows:

Landtype mass erosion hazard = (rotational mass wasting hazard)
+ (debris avalanche hazard) x (slope delivery efficiency) (3)

Acceleration factors derived from studies in the
Idaho Batholith (15) and modified by work on the
Clearwater National Forest (22) are used to predict
the increased risk of mass erosion due to roading,
logging, or fire as a function of parent material
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and time after disturbance. The sediment from
accelerated mass erosion is simply the landtype mass
erosion hazard multiplied by the applicable accel-~
eration factor, the area of the disturbance, and a
coefficient to account for mitigation measures for
roads and logging or fire intensity. The following
illustrates the relation used for roads; similar
relations are used for fire and logging:

Increased sediment = 20 x (landtype mass erosion hazard) x (road
acceleration factor) x (area disturbed by road) x (mitigation) - 20 @)

Sediment from Surface Erosion

Sediment derived from surface erosion is similated
as an independent process with respect to mass
erosion. The basic premise here is that roads,
logging, and fire create, rather than accelerate,
surface erosion. The methodology was developed by
the Forest Service interregional task force and is
documented in their report (21).

Surface erosion rates are assigned for each type
of land disturbance activity, including road con-
struction, logging, and wildfire. Assigned erosion
rates are defined for each kind of disturbance and
modified as needed if the disturbance is not in
keeping with the definition. For example, the ero-
sion rate for roads is based on the "basic road",
which assumes a road with a 16-ft subgrade width, no
surfacing, balanced construction, and no ditch.

Erosion rates are modified as the road deviates
from this standard. Likewise, erosion rates are
modified to account for differences in logging
practices and wildfire intensity. Erosion rates
also vary by landtype, elapsed time since distur-
bance (in years), and mitigation measures designed
to reduce road erosion. Data for this effort come
primarily from research conducted in Idaho (15,16,
18,23,24) supplemented by data from the West Coast
(25-27) . Erosion rates are in terms of tons per unit
area of disturbance; therefore, the rates are multi-
plied by disturbed area to get total erosion for
each landtype.

As with mass erosion, all soil losses caused by
surface erosion are not delivered to streams because
of enroute storage. A modification of a procedure
developed by the Forest Service (21) is used to
estimate delivery of surface-eroded material. Three
variables are used to determine delivery:

1. Slope shape determines the ability to produce
water for movement of sediment in the channel effi-
ciently,

2. Slope gradient defines energy availability, and

3. Stream density represents slope length and
proximity of the erosion source to the water system.

The relation used to predict surface erosion from
roads is shown below; similar relations are used for
fire and logging:

Increased sediment from road prism = (road base rate) x (mitigation)
x (parent material erosion hazard) x (area disturbed by road) x
(landtype slope delivery efficiency) [©)

PREDICTED VERSUS ACTUAL SEDIMENT YIELDS

The sediment yield prediction procedure is designed
to provide average annual sediment for both natural
and disturbed watersheds. This level of precision
is analogous to the average annual sheet and rill
erosion predictions for agricultural lands provided
by the universal soil 1loss equation (4). 1In both
cases, predictions for a specific year can be con~-
siderably different than actual, simply because of
deviations in climatic conditions from the average.
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Figure 1. Predicted versus ed average | sediment yield.
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Comparisons between actual and predicted values must
be made for the average of a number of years of data
to be valid.

We do have relatively long-term sediment yield
data for nine watersheds on the Clearwater National
Forest that can be used for comparison purposes.
Data consist of suspended and bed-load samples
collected at irregular intervals during the vear.
Each annual data set ranged from about 10 to 16
samples. Individual sediment samples were prorated
by time between samples to estimate annual sediment
yields. A total of from six or seven years of
sediment yield data are available for each watershed.

The actual versus predicted average annual sedi-
ment yields are shown in Figure 1. Most streams
show relatively close agreement with 1little bias
except Cougar Creek, where predicted values exceed
actual by about 100 tons/mile?/year. The Cougar
Creek drainage contains many old roads that did not
exhibit as much mass erosion as was predicted,
On-the-ground inspection indicated that mitigation
measures had been applied at a number of high ero-
sion hazard situations but had not been accounted
for in the prediction process. Although this com-
parison hardly provides a validation of the sediment
estimation procedures, it does suggest that the
estimates are reasonable in most cases.

CHANNEL EQUILIBRIUM

Predictions of annual sediment vyields provide a
convenient means for comparing watersheds and for
comparing the effects of alternative land management
practices over time, However, predicted sediment
yields do not, in themselves, provide a means to
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Figure 2. Sediment yield increase versus natural undisturbed sediment yield.
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evaluate changes in channel conditions, Most

streams in mountain lands in the western United
States are supply limited (28). This means that
more energy is available for sediment transport than
there is sediment. Consequently, streams are char-
acterized by coarse-textured beds commonly with
rubble and boulder-sized materials dominating. There
is limited bar development in such streams and bed
forms consist primarily of nondescript accumulations
of gravel and rubble materials that form the riffle
and run areas found in such streams. Stream chan-
nels tend to maintain this characteristic appearance
with increasing sediment loads for as long as the
system is supply limited. However, eventually,
sediment yields are accelerated to the point that
sediment supply begins to approach transport capa-
bility. When this happens, finer bed materials
begin to accumulate, as evidenced by accumulated
sand particles between the coarser bed materials,
development of bars, and other bed forms. Continued
acceleration of sediment yields aggrades the bed
further and may induce increased bank cutting,
altered flow patterns, and major changes in bed
forms such as formation of sand dunes, etc. Change
in channel conditions are no doubt reflected in the
health of the aquatic ecosystem as well.

Analyses of annual sediment yields have been made
for a total of 65 watersheds on the Clearwater
National Forest for both natural (undisturbed) and
disturbed watershed conditions. Predictions for
disturbed conditions were made by using the kinds
and timing of disturbances that actually occur on
each watershed. Values for the predicted maximum
increase in annual sediment yield (expressed as a
percentage of natural) were then plotted against the
natural sediment yield (Figure 2). Channels at the
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mouth of each watershed were then subjectively
evaluated for evidence of loss of equilibrium.
Criteria used included accelerated deposition of bed
materials (e.g., sand bars, dune bed forms, sand
terraces along banks), 1loss of channel capacity
(e.g., bank cutting, channel braiding), and change
in substrate particle-size distribution (e.g., sand
accumulations that surround gravel, rubble, and
boulder material).

Bach watershed represented by a point in Figure 2
was classified according to whether it was defi-
nitely out of equilibrium (solid circles), at or
near equilibrium (solid triangles), or within equi-
librium (open squares). An obvious grouping of data
is apparent in this figure. The 1line shown repre-~
sents the approximate envelope curve for channel
equilibrium: Sediment supply exceeds available
energy for watersheds above the 1line, whereas avail-
able energy exceeds sediment supply for watersheds
below the line,

This curve provides a geomorphic basis for defin-
ing response levels of sediment increases in water-
sheds. Interestingly, the 1line is not horizontal
but rather indicates that larger percentage in-
creases in sediment can occur for watersheds with
low natural sediment yields as compared with high
sediment yield watersheds. This relation is clari-
fied when the percentage changes in sediment are
expressed in absolute units of tons per square mile
per year (dashed curve on Figure 2). On this basis,
maximum increases in sediment production can occur
on watersheds where natural sediment yields equal
about 20-25 tons/mile?/year. Apparently, water-
sheds with natural sediment yields greater than this
can stand progressively less sediment increases
because they are progressively nearer to equilibrium
in the natural state. In contrast, watersheds with
natural sediment vyields 1less than 20-25 tons/
mile?/year can stand progressively less increases
in sediment because they are less capable of clean-
ing themselves due to limited transport energy.

PROCEDURE APPLICATIONS

These procedures make it possible to test the re-
sults of alternative land use practices on erosion,
sediment yield, and channel equilibrium conditions.
Erosion and sediment yield estimates are an impor-
tant concern because they provide an index of poten-
tial effects on both on-site vegetation productivity
and damage to downstream developments, respectively.
Likewise, estimates of changes in channel equilib-
rium are useful because they provide an index of
change to the aquatic ecosystem. By varying the
kinds of practices, the time sequence of application
of practices, and the various kinds of mitigation
measures, we can define a mix of activities that
optimizes land use benefits without causing large
environmental alterations. The primary application
is for project-level planning of forest management
practices in a watershed system. It is an excellent
tool for developing and comparing alternatives,
identifying trends and recovery, scheduling activi-
ties, and recognizing potentially damaging situa-
tions.

Example of Model Application

A simplified example of the application of the
analysis procedures has been developed by using a
representative watershed situation and landtypes
found on the Clearwater National Forest., The 1.000-
acre watershed was developed on an old erosion
surface by downcutting of the major drainage system
in the area. Elevations range from 4000 to 4900 ft,
and the bedrock on the watershed is granitic. Five
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Table 1. Nature and amount of disturbance by landtypes for

Lo Road Calculated Area
alternative timber harvest access routes. Road Subgrade  Side Disturbed by Road
Length Width Slope  or Cutting Unit Type of
Option (miles) (ft) (%) Area (acres) Landtype Road Prism
1 1.0 15 25 2.4 22-G03 Balanced
1.0 15 25 2.4 22-G03 Balanced
0.5 15 70 1.4 61-G08 Full bench
1.0 15 50 4.1 60-G11 Balanced
100 22-G03
125 22-G03
2 LS 15 25 3.7 22-G03 Balanced
1.0 15 25 2.4 22-G03 Balanced
1.0 15 40 3.2 32-G02 Balanced
100 22-G03
125 22-G03
Figure 3. Percentage change in sediment yields for alternative 500
road and logging practices.
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different landtypes are found on the watershed.

Two options are considered in this example. Both
required 3.5 miles of road construction in 1982 and
logging of 225 acres of timber by using clearcutting
and tractor skidding in 1983, Option 1 requires
accessing the area from the bottom of the watershed
and crossing the steep, high erosion hazard break-

lands. Option 2 provides access from the top of the
watershed and «crosses the lower erosion hazard
terrain. The amount and type of disturbances by

landtypes are given in Table 1.

The example data were analyzed for a 10-year
period following disturbance (Figure 3). The time
dependence of the sediment responses is apparent.
Sediment yields increase in 1981 in response to road
construction. Rates decrease in 1982; however, the
rate of decrease is reduced somewhat because of the
logging activities. Additional decreases in sedi-
ment yield occur over time but not back to predis-
turbance levels because of long-term accelerated
erosion on roadcuts.,

According to Figure 3, increases in annual sedi-
ment yields up to about 90 percent over natural will
not cause apparent channel deposition. Option 2 is
clearly preferred to option 1 in terms of total in-
crease in sediment production and duration of ef-
fects. However, other considerations may be impor~
tant, depending on the nature of the uses elsewhere,
the value of the water resource, and the juxtaposi-
tion of the example watershed over time and space
with other watersheds in the area.

Application Elsewhere

This procedure is empirical and, as such, has lim-
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ited application elsewhere. However, we feel that
the principles involved can be extrapolated any-
where. An analysis procedure of this type can be
designed in areas with minimal local erosion and
sedimentation data by using basic principles to
define relative erosion hazard ratings. These
evaluations can then be used to design erosion and
sediment monitoring programs that serve to update
the prediction procedure. Basic requirements for
implementing the watershed analysis system are as
follows:

1. The dominant landforming and erosional pro-
cesses of an area must be recognized,

2. The relative role of processes must be under-~
stood,

3. Landtypes or land stratification units must be
designed to rate the dominant erosion processes,

4. Landtypes or land stratification units must be
designed by using criteria essential to making slope
delivery efficiency interpretations, and

5. The watershed system must be supply limited in
the natural state.
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