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In recent years more efforts have been made to return unneeded roads to natural states
through obliteration or total recontouring methods. Yet, few data exist to support the
road obliteration process. The purpose of this study was to assess some of the relative
physical impacts of road obliteration for the O'Brien Creek (Montana) watershed. Three
road treatments were chosen: recontoured road at 0 months, recontoured road at 12
months, and existing roads broken down into four segments (cutslope, fillslope, road
center and road tread). Two types of geologic formations were sampled (Bonner and
Mount Shields) along with two slope categories (<45% (low) and >45% (high)). Each
combination of factors was sampled 5 times for a total of 100 samples. Simulated rainfall
was applied to each plot in order to assess erosion potential as sediment yield and runoff.
Site characterization measurements, such as bulk density, sieve analysis, and organic
matter content, were also taken. One-way analysis of variance was used to compare
treatment means for the Bonner geologic formation while two-sampled T-tests were used
to compare treatment means for Mount Shield samples. Recontoured roads (0 months)
consistently had higher runoff and made more sediment available for erosion than any
other treatment for both geologic formations. Statistics also showed that in the Bonner
there was no significant difference in the recontoured road (12 months) and the natural
slopes in the < 45% category for both runoff and erosion. The high slopes for Bonner
were split, with no significant difference in the runoff, but significant difference in the
erosion. For the Mount Shields there was no significant difference in the recontoured
road (12 months) and the natural slopes in the > 45% category for both runoff and
erosion. The low slopes were split, with no significant difference in the sediment, but
significant differences in the runoff. In all cases it was found that recontoured roads (0
months) produced sediment and runoff comparable or higher than the road segments.
But, after allowing for 1-year of revegetation, the volume of runoff and erosion greatly
decreased to near natural slope conditions.
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CHAPTER 1: INTRODUCTION

In the words of Forest Service Chief Mike Dombeck,

“There are few more irreparable marks we can leave on the land than to

build a road...Our overriding objective is to work with local people to

provide a forest road system that best serves the management objectives

and public uses of national forests and grasslands while protecting the

health of our watershed” (USDA Forest Service 1998).
Few natural resource issues in recent years have attracted as much public scrutiny as the
management of the forest road system.

The United States Forest Service road network consists of 383,000 miles of road
(Foltz 1996, USDA 1998). The Lolo National Forest alone is currently managing about
6,500 miles of road (USDA 1993). Many studies in the United States have shown that
low-volume forest roads are one of the primary causes of water quality degradation
(Elliot et al. 1999). Research by forest land managers and technical specialists nation
wide indicate that forest roads are the greatest single source of sediment delivered to
streams (Burroughs 1991). In a hydrologically stable environment, a small percentage
of roads in a watershed can significantly alter the hydrologic response and sediment yield

(Elliot et al. 1996). These impacts include (USDA 1998):

1) Increased frequency of flooding and landslides

2) Increased stream sedimentation and associated reductions in fish habitat
productivity

3) Increased habitat fragmentation and degradation which reduces travel
corridors for wildlife, such as elk and grizzly bear

4) Increased frequency of person caused fires as a result of access

5) Invasion of exotic species that displace native species



The Chief of the Forest Service recently declared a moratorium on the
construction of future roads on National Forest Land until the Forest Service can resolve
how to maintain and improve the roads that currently exist. The interim moratorium is
considered necessary to safeguard the significant ecological values of unroaded areas
from the potentially adverse effects associated with road construction until a new,
permanent road policy is in place (USDA Forest Service 1998). Many of the most
productive forests in the Pacific Northwest grow on marginally stable slopes where road
construction increases the likelthood of erosion (Amaranthus et al. 1985). The
moratorium on roads will help the Forest Service make decisions in a more informed
manner. New knowledge and concepts in the areas of landscape ecology, managing for
healthy ecosystems, habitat fragmentation, etc., give us cause to reevaluate the road
paradigm (Lolo National Forest 1991).

Many studies were found to support the belief of road induced forest productivity
degradation. In a 6-year study, Packer (1967) found that roads generated 8,443.5 cubic
feet of erosion, averaging about 220 times greater than the rates for undisturbed land. In
the mountains of the Western United States, forest roads were found to contribute an
estimated 85 to 90 percent of the sediment reaching streams in disturbed forest lands
(Burroughs 1990). Greater awareness of these problems has moved the Forest Service
road system in the direction of road decommissioning.

The Forest Service’s National Resource Agenda advocates the decommissioning
of 250+ miles of Forest Service roads in the next 3-5 years. There are several different

options for road decommissioning: gating, physical barriers, debris on the road prism,



partial recontouring, total recontouring, or area closure. The decision to maintain or
decommission a road should be based on the maintenance required, transportation system
needs, and potential environmental risks. More and more specialists are choosing to
remove or “obliterate” unneeded roads, after concluding that road abandonment (closing
a road) was not rectifying erosion hazards. Road obliteration is the removal of a road by
recontouring it to the “approximate original contour” (AOC) of the natural slope (Bell et
al. 1989). It is part of the road decommissioning process and is also called road removal,
total recontouring, obliteration, or road restoration. The off-site impacts of altered
hydrographs and increased sedimentation have led to the partial or complete removal of
roads as a frequent practice in the USDA Forest Service watershed restoration program
(Elliot et al. 1999, Harper and Lider 1998). Recently, more and more efforts have been
made to return unneeded roads to natural states. Yet, there are insufficient data to
support the road obliteration process and decisions (Elliot et al. 1996).

Many Forest Service districts are creating road obliteration programs. Yet, there
is a lack of quantitative information available to justify or guide their management
decisions. These forests, such as the Clearwater National Forest, Idaho Panhandle
National Forest, and Lolo National Forest, are some of the leading contributors to the
obliteration process. Their work in the past few years is helping to “pave” the way for
more solid and adequate design techniques, with data to help support it. The need for
quantitative data is necessary to support current trends in road decommissioning actions.

As the question of erosional problems due to forest roads increases, the Forest

Service began to use prediction models, such as WATSED, as a means of extrapolating



the use of data. Many have used WATSED generated data to support the use of road
obliteration, while others have used the data to refute the method of road obliteration.
The use of models has been highly scrutinized due to lack of site-specific information.
This lack of site-specific information also affects the choices and results of road
decommissioning actions. Surface erosion models are seen by many as too inconclusive
to make any solid statements regarding the effects of road related erosion. Current
techniques for evaluating the effectiveness of road obliteration/recontouring are based on
empirical studies and basic soil erosion properties that are then extrapolated to the forest
environment. This has led to administrative and legal challenges to NEPA documents
containing road obliteration elements'. The Forest Service is unable to qﬁantitatively
demonstrate to regulatory agencies the progress it is making toward improving water
quality and fish habitat impacted by sediment from existing and recontoured roads.

Based on their location and condition, current unclassified roads will either be
tracked as a non-road feature (already closed and revegetating), will be
removed/obliterated (need some stabilization), or will be put on the forest system if they
are needed for long-term access (Clearwater National Forest 2000). Thus, the greater
need for more quantitative data on which to base these decisions.

The purpose of this project is to contribute quantitative information on the effects
of a particular road decommissioning practice (road recontouring), relating it to specific

site characteristics (geologic type and slope type) of the Lolo National Forest.

! Skip Hegman, Personal Communication, 2000



An ongoing road restoration project in the O’Brien Creek Watershed offered a
unique opportunity to monitor and compare the effects of recontoured roads on surface
erosion. Total road obliteration was chosen for this study because that was the only
method of closure being conducted on this watershed area. Many miles of roads have
already been obliterated in the O’Brien Creek Watershed. Here are the some of the visual
results obtained thus far, which had lead many to believe that road obliteration succeeds

in removing sedimentation problems from the land.






These roads have been closed to motorized public for many years, and were not
going to be reopened. In order to reestablish elk habitat and aesthetic quality, etc. all
excess roads are going to be removed by total obliteration techniques as shown in Figure
1.1. This project was going to go forward without any sediment erosion or runoff data,
except for predicted measurements from the WATSED model. Thus, it was of great
importance to gather this data, in order to determine what potential effects this road

decommissioning treatment will have on the area.



CHAPTER 2: LITERATURE REVIEW: EROSION AND LAND
MANAGEMENT

2.1. SoIL EROSION PROPERTIES

Soil erodibility is defined as “the measure of a soils’ susceptibility to particle
detachment and transport by the agents of erosion” (Hudson 1995, Lal 1994). The effects
of soil erosion are enormous. Each year, 75 billion metric tons of soils are removed from
the land by wind and water erosion with most coming from agricultural land (Pimentel et
al. 1995). The normal rate of erosion is inseparably related to the natural mantle of
vegetation as it existed prior to disturbance from outside factors, such as man. Erosion
rates beyond the normal rates have been termed “accelerated erosion” (Lowdermilk 1930,
Hudson 1995). Accelerated erosion reduces the depth of the soil profile on sloping lands
and thereby reduces the capacity of the soil to absorb rainwater. Accelerated erosion
caused by human activity is detrimental in terms of environmental impacts such as non-
point source pollution, creating turbid water, harming stream channels, and silting of
reservoirs (Andre and Anderson 1961, Bajracharya 1992). A common index of
accelerated erosion is increased silt or suspended soil carried in the streams of run-off
water (Hudson 1995).

Moderately eroded soils absorb from 10 to 300 mm less water per hectare per year
then uneroded soils, or between 7 to 44% of total rainfall (Mutchler et al. 1994, Pimentel

et al. 1995). This leads to a large amount of soil loss every year. The loss of 17 tons of



soil per hectare by rainfall can remove nearly 2 tons of organic matter per hectare, greatly
decreasing the productivity of the soil (Young 1979).
There are several forms of soil erosion due to water. These are listed in terms of

increasing magnitude (Hudson 1995, Lal 1994, Moll 1996):

Groundwater Erosion: Movement of fine material underground due to
subsurface flow.

Raindrop Erosion: Occurs as the force of the falling drop dislodges soil
particles, making them available for transport. Splash
moves some particles to plug pores in the soil surface,
increasing surface layer density and decreasing porosity
and infiltration, thus further increasing runoff and erosion
potential—referred to as “surface sealing”. Raindrop
impact erosion is greatly increased as vegetation is
removed, forest floor organics are disturbed, and mineral
soils exposed. Is often seen as the first true phase of
erosion.

Sheet Erosion: A direct result of raindrop impact erosion and is relatively
uniform over a smooth surface. Sheet flow rarely occurs
on undisturbed forest soils due to protective cover, the
presence of organics, and interconnected pore space within
the upper soil strata.

Rill Erosion: Results when sheet erosion begins to cut into the surface; flow
attains sufficient force to detach particles for transport in
suspension or by rolling.

Gully Erosion: A continuance of rill erosion and is greatly intensified by water
concentration. The capture, storage, and release of
moisture is paramount in preventing gully erosion.

Fluvial Erosion: The continuance of gully erosion and is characterized by down
cutting in certain areas and sedimentation in others, as
eroded material from highlands becomes deposition in
lower areas. Sediment delivery contributes to aggraded and
widened channels, reduced pools, braided streams, and
shallower flows. Fish habitat and water quality suffer as
channel erosion and sedimentation are elevated.
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Sediment yield is the primary variable of interest in many erosion studies. It is an
accepted means of quantifying relative soil erodibility and can be measured when soil
particles are suspended and transported (Lal 1994, Lal and Stewart 1995, Middleton
1930, Hudson 1995). Erodibility is a function of soil characteristics, while erosivity is
defined as the force driving the soil detachment and transport process (Hudson 1995, Lal
1994). Water erosivity is the influence of raindrop impact, which is a measure of the
volume of rain over some duration of time. The detachment and transport characteristics
of the soil are a function of raindrop size, velocity, and intensity.

For many years, scientists have attempted to develop an index for relative soil
erodibility using soil properties, with varying degrees of success (André and Anderson
1961, Middleton 1930, Wischmeier and Mannering 1969). Many years ago, Middleton
(1930) proposed his now famous “dispersion ratio” and “erosion ratio”. He defined them
as:

Dispersion Ratio = suspension percent/ultimate silt plus clay

Erosion Ratio = dispersion ratio/ratio of colloid percent to moisture

equivalent
Erosible Soils = dispersion ratios greater than 10; erosion ratios
greater than 15
Non-Erosible Soils = dispersion ratios less than 10; erosion ratios
less than 15
By comparing these ratios with the filed reports of erosibility, Middleton noticed

association between them, which permitted separation of soils into erosible and

nonerosible categories. Middleton (1930) found that the dispersion ratio decreased as the
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resistance to erosion increased and believed that it was the most valuable single criterion
in distinguishing between erosible and non-erosible soils

Many of the basic soil parameters that contribute significantly to soil loss have
been studied. These studies have improved the understanding of the complex nature of
soil erosion characteristics (Barnett and Rogers 1966, Bubenzer and Jones 1971,
Middleton 1930, Wischmeier and Mannering 1969). The influential characteristics are:

Depth of the A horizon
Gradient and length of slope
Soil moisture content
Carbon content and organic matter content
Soil pH

Bulk density

Percent clays

Percent silt

Percent sands

Soil structure

Aggregation

Soil texture

Iron and Na content

O 0O 0000000 O0OO0OO0oOO0

There are three broad groups of factors that influence soil erodibility (Hudson 1995):
1) Physical features of the soil including the chemical and physical composition
2) Topographic features, such as the slope of the land
3) Management of the land i.e. how it is used
The mechanics of soil erosion involves three distinct processes: detachment,
transportation, and deposition (Ekern 1950). Soils vary in these mechanics and in their

susceptibility to erosion (Middleton 1930, Andre and Anderson 1961, Bajracharya et al.

1992). Clays, particularly those that are tightly bound into large aggregates, tend.to be
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difficult to detach. However, once detached, clays are easily transported and can be
suspended and carried in overland flow for great distance (Meeuwig 1970, Gilliam and
Bubenzer 1987). Sands are less cohesive and are easily detached, but because of larger
size, are less easily transported and are not carried as far by overland flow unless it is
rapid and turbulent (Meeuwig 1970). Because of this, the amount of soil transported
from each soil type may follow a different order from that detached, since the latter
depends mainly on the cohesive forces binding the particles.

Most researchers agree that soil erodibility decreases in the following order of

coarse fragments (Bryan 1969):

silt > silt loam > sandy loam > loamy sand > sandy clay loam > loam > clay loam

Generally speaking, soils that are high in silt, low in clay and low in organic matter are
the most erodible (Wischmeier and Mannering 1969, Barnett and Rogers 1966).

It was also concluded that one of the principal differences between erosible and
nonerosibile soils is the degree of aggregation of the finer mechanical separates into
large, stable granules. André and Anderson (1961) found that eroded particles were
aggregates rather than mechanical separates. Because of their physical mass, gravel and
very coarse sand particles may be very resistant to detachment. Coarse and medium-size

particles detach quite readily under raindrop impact. From coarse sand sizes through the
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silt sizes, resistance to detachment increases, possibly due to the effects of particle
cohesion (Farmer 1973).

The soils’ resistance to detachment is controlled by shear strength. Shear
strength is defined as the maximum resistance a soil can offer under certain stress
conditions before particles start to slide over each other (Al-Durrah and Bradford 1981).
Convectional rainstorms usually cause overland flow and thus sheet erosion where the
soil particles overcome the soil shear strength (Meeuwig 1970). Transport capacity
increases with greater amounts of overland flow and is largely determined by rainfall
intensity and infiltration rates that are a function of surface roughness, surface sealing,
steepness, and length of slope (Lal 1994).

It is from studies such as these that the complex interactions of the soil properties
are determined. For example, it was found that for a high-silt soil, increased pH increases
erodibility if the structure is very fine or fine granular. If the structure is medium, or
coarse granular, subangular, or angular, erodibility decreases with increased pH (Gilliam
and Bubenzer 1987). As surface soil is removed by erosion, it appeared that the texture
changed, resulting in an increase in the clay content with increasing soil erosion (Lowery
et al. 1995). Furthermore, it was concluded that soil structure stability decreases with
erosion (Burroughs et al. 1992). This was thought to result from the loss of organic
matter.

In addition to reductions in the organic matter, it was discovered that bulk density

increased as erosion class increased for most of the 14 soils studied by Lowery and
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colleagues (1995). Since there was a linear relationship between bulk density and
porosity, the porosity decreased with increasing erosion. Because the porosity decreased,
the hydraulic conductivity of the saturated soil decreased. Meeuwig (1987) also found
that bulk density influences erosion because aggregation and porosity are inversely
related to bulk density. He found that well-aggregated soils tended to have low bulk
density and greater resistance to erosion. Meeuwig also found that soil of high porosity
had good infiltration characteristics and, consequently, produced less overland flow and
erosion.

Water also plays an important role in affecting soil erosion properties.
(Wischmeier and Mannering 1969; Wischmeier and Smith 1965) Soil properties that
influence susceptibility of a soil to water erosion may be grouped into two types:

1) Those properties that affect the infiltration rate and permeability

2) Those properties that resist the dispersion, splashing, abrasion, and transporting

forces of the rainfall and runoff.

Meeuwig (1971) conducted a study on the infiltration and water repellency in granitic
soils. He found that within the geographical area covered by his study, water repellency
was the major limiting factor in the capacity of granitic soils to absorb high-intensity
summer rainfall. Other limiting factors discovered were: inadequate moisture storage
capacity due to thin soil, surface sealing caused by raindrop impact on soil surfaces
unprotected by litter and vegetative cover, and low porosity due to compaction caused

mainly by human activity. If the subsurface repellent layer is continuous and unbroken,
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infiltration is limited to the storage capacity of the wettable surface layer and severe
runoff and erosion will occur during high-intensity storms (Meeuwig 1971).

Two factors responsible for a decrease in the infiltration rate with time during a
rainstorm are: 1) the decrease in the vertical hydraulic gradient with wetting of the soil
profile (the decrease takes place whether the soil is wetted by rain or by flooding) 2)
surface sealing, which is of great importance only when the energy of the water drops is
involved. Topography plays an important role in soil erosion, as well. Steep land is
more vulnerable to water erosion than flat land for the obvious reason that the erosive
forces, splash, scour, and transport all have a greater effect on steep slopes (Rose 1962,
Ellison 1952, Moldenhauer and Long 1964.)

One of the most highly studied aspects of soil erosion studies is the vegetative
cover factor. Percent ground cover by forest litter, duff, and organic material is the
principal variable of the forest environment for protecting the soil and reducing surface
runoff (Burroughs 1990, Elliot et al. 1996a). Wischmeier and Smith (1965) cite vegetal
cover as the greatest deterrent to soil erosion. Packer (1967) concluded that adequate
control of summer storm runoff and erosion on wheatgrass range requires at least 70
percent ground cover of plants and litter and that bare openings should be no larger than 4
inches. In Farmer and Van Haveren’s study (1971), they found that all three of the soils
tested exhibited little resistance to erosive forces when stripped of vegetation. Therefore,
they concluded that high-intensity rainstorms over areas of sparse vegetal cover could be

expected to produce tremendous quantities of sediment.
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Middleton (1930) found that the cover-density variable had a highly significant
influence on erosion. His equations indicated that erosion varied inversely as the square
of the cover density in the range of cover encountered. Lowdermilk (1930), too,
concluded that forest litter greatly reduced surficial runoff, particularly in the finer
textured soils; and this influence continued long after the consequent exposure of the soil
greatly increased the amount of eroded material and reduced the absorption rate of the
soil. He also concluded that the capacity of forest litter to absorb rainfall was significant
in comparison with its ability to maintain the maximum infiltration capacity of soil
profiles.

Meeuwig (1972) and Hudson (1995) found that soil erosion was more closely
correlated with the proportion of soil surface protected from direct raindrop impact by
plant, litter, and stone than any other measured variable. The organic matter content of
the mineral soil is an important component of vegetation and cover. Soil organic matter
facilitates the formation of soil aggregates, increases soil porosity, and thereby improves
soil structure, water infiltration, and ultimately overall productivity. Removal of the
surface litter layer of the forest floor promotes surface sealing, and crusting that decreases
infiltration capacity and increases erosion (Childs et al. 1989). In addition, organic
matter facilitates cation exchange, enhances root growth, and stimulates the proliferation
of important soil biota (Pimentel et al. 1995, Elliot et al. 1996a). Bryan (1968) and André

and Anderson (1961) established a vegetation sequence of erodibility: grass cover is
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associated with the least erodible soils, forest cover with the intermediate erodible soils,
and brush cover with the most erodible soils.

It is well known that the thickness of topsoil decreases with soil erosion;
therefore, soil productivity may be reduced. Lowery et al. (1995) suggested a decrease in
the available water-holding capacity of the upper soil, the most direct impact on
productivity. Lowery et al (1995) also found that as erosion became more severe, the
composition of lower horizons increasingly determined the physical properties of the
resulting surface layer. Surface erosion proceeds downward from the surface soil
horizon. Because the highest concentrations of nutrients and biota and the maximum
water-holding capacity are in the uppermost horizons, incremental removal of soil nearer
the surface is more damaging than subsoil losses (Elliot et al. 1996b). Productivity may
inevitably decline on most shallow forest soils as erosion causes root-restricting layers to
be nearer the surface and as organic matter is washed away (Pimentel et al. 1995).

Compaction of surface soil leads to increased erosion potential of the soil.
Compaction reduces soil porosity, reduces root growth, plantheight, and in particular
reduces the amount of macro-pore volume, which in turn reduces infiltration rates
(Meeuwig 1971, Elliot et al. 1996b). Reduced infiltration increases overland flow and
kinetic energy available to enhance sediment transport. A soil’s resistance to compaction
is determined by particle size distribution, texture, and organic matter content. In
general, however, the environmental degradation observed in the field results from both

compaction and removal of surface organic horizons (Childs et al. 1989).
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It was discovered that the soil erodibility index is significantly related to soil-
geologic rock type and that the surface-aggregation ratio is also related to geographic
zone (André and Anderson 1951). Studies in Oregon (Anderson 1951) showed that soil
characteristics associated with geologic rock types and surface aggregation were related
to measured discharge from watersheds.

For a given soil, erodibility is a function of its chemical and physical properties.
Identifying the most important properties and how they affect soil erodibility, either
directly or indirectly through their influence on aggregate stability, structure, or
infiltration, has been the topic of many of these studies (Trott and Singer 1983, Middleton
1930). The most extensive of the soil erodibility studies was undertaken by Wischmeier
and Mannering (1969). Correlating an array of soil properties with erodibility for 55
cornbelt soils, they found that soil texture, organic matter, structure and pH were among
the most important soil properties affecting erodibility.

Middleton (1930) evaluated soils from diverse geographical areas and reported
that soil dispersion provided a good indication of a soil’s tendency to erode. Anderson
(1951), using his surface aggregation ratio (S/A) and Middleton’s dispersion ratio (DR),
found both erodibility indices significantly related to measured erosion from watersheds.
André and Anderson (1961) related these two erodibility parameters to soil forming
factors for 168 low-elevation soils in California. Parent rock type, vegetation type,
elevation, and geographical zone, were found to be highly significant in influencing soil

erodibility.
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Correlating watershed studies with soil studies can often be difficult. The indices
of relative erosibility may be used to determine the average soil erosibility for a
watershed, when the areal extent of the various soil geologic-types is known. The indices
may be used together with equations relating erosion to watershed discharge, channel
characteristics, and cover characteristics in making quantitative estimates of erosion from
watersheds (Anderson 1951). It may be much too difficult otherwise to study these
watersheds. Deviations in soil-forming factors from the standard conditions may be
expressed as watershed characteristiés and evaluated as they affect erosion directly
(Middleton 1930). However, soils respond differently to land treatments and conditions

based on the soil physical characteristics, and therefore, study results may vary with soil

type.
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2.2. THE AFFECTS OF FOREST ROADS ON SEDIMENT PRODUCTION

As previously stated, the United States Forest Service road network consists of
383,000 miles—approximately 75 percent are unsurfaced, 20 percent are aggregate
surfaced, and 5 percent are paved (Foltz 1996, USDA 1998). And the Lolo National
Forest is currently managing about 6,500 miles of these roads (USDA 1993). Roads are
one of the four basic components of the Forest Service National Resource Agenda
(USDA 1998). Almost all visitors to the National Forests use forest roads. They not only
make our Nation’s wildlands accessible, but they also shape the wildland experience for
most forest visitors by determining where they will go and what they will see.

Much of the forest access was built over the last 50 years for timber harvest and
log removal (USDA 1998). In the decades after World War II, logging traffic tripled,
peaking in 1990. But when timber harvests on the national forests declined in the 1990’s,
logging traffic plunged to 1950 levels (USDA 1998). Logging now accounts for only
one-half of 1 percent of all forest road use (USDA 1993). By contrast, recreational forest
road use has soared to 13 times its 1950 rate, dwarfing logging traffic. While keeping
this in mind, we need to consider the detrimental effects that recreational use has on the
rest of the environmental system.

The Forest Service has a number of definitions for roads that occur on National
Forest lands. The definitions are not always agreed upon within the agency, but they do

represent most of the terms regarding roads:



21

Forest Road: Any road that accesses forest resources, regardless of ownership.
County, state and private roads that go through national forest land.

Forest Development Road: Any road that is on the transportation system of the
US Forest Service. Alternately, any road that exists on national
forest land, which remains open and driveable to the public and
that is not on any other private/agency/public system.

Historical Road: A road that was formerly a forest development road, which still
exists on the ground, is no longer used, but is not closed.

System Road: Any road that is under the jurisdiction of the Forest Service.

Non-System Road: Roads that exist on National Forest land but are not under
the jurisdiction of the Forest Service.

Specified Road: Roads that are authorized for a specific resource need.

Specified Short-Term Road: Temporary roads that are constructed by a timber
contractor and that are subject to specific design constraints to
protect sensitive resource values, and obliterated after use.

Specified Long-Term Road: A road constructed for a timber sale or other
resource extraction that is part of the long-term transportation plan.
All specified long-term roads are forest development roads, though
the opposite is not always true.

Temporary Road: Roads that are constructed for specific resource needs, but are
not intended to be part of the permanent transportation system.
They are required to be revegetated within 10 years of the
completion of their use. They are not tracked by the Forest Service
and there are no design standards for temporary roads other than
locations and clearing width and state best management practices,
unless the road is classified as a specified short-term road.

Intermittent Long-Term Road: A road constructed for resource extraction that
will only be used on an intermittent basis. The road prism will be
“stored” so the road causes minimal damage to
watershed/ecosystem health while leaving it available for future
access to resources.

The construction and use of a road is one of the most permanent marks the Forest
Service can leave on the landscape. Scientific information continues to increase

understanding of the ecological and social impacts of existing roads and associated
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management activities. Examples of these road-related impacts include (USDA 1998,
Moll 1996):

e Increased frequency of flooding and landslides when water concentration
potential is built into a road by insloping and/or leaving a berm on the
down-hill shoulder.

¢ Increased stream sedimentation and associated reductions in fish habitat
productivity when stumps supporting side cast fills on steep slopes begin
to rot, initiating mass wasting of fills and contributing to debris torrents
flowing directly into streams.

¢ Increased habitat fragmentation and degradation which reduces the secure
travel corridors needed by species requiring large home ranges

e Increased frequency of person caused fires as a result of access

¢ Invasion of exotic species that displace native species

e Fines are alternatively generated by passing wheel loads and washed off
the road into the stream by storm events.

¢ A cascade of over-topped pipes and/or a fill washout down the road due to
a single cross drain that fails to pass a flow.

e Heavy sedimentation downstream due to a stream diversion initiated by a
plugged drainage structure. A uniform road grade rather than a sag vertical
curve over the pipe provides an alternative flowpath. A new channel is cut
along the road ditch line and results in heavy sedimentation downstream.

Soil erosion in an undisturbed forest is extremely low, generally under 1
Mg/ha/yr™ (0.5 ton/acre/year). Disturbances, however, can dramatically increase soil
erosion to levels exceeding 100 Mg/ha/yr (50 tons/acre/year) (Elliot et al. 1996a). In
most forest watersheds, eroded sediment comes from roads that have no vegetative
protection and low hydraulic conductivities, leading to runoff and erosion rates that are
greater than in the surrounding forests (Elliot et al. 1994). In a recent study in the

Western Cascades in Oregon, Wemple (1994) found that roads could have a significant
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effect on the surface hydrologic response of small watersheds. Swift (1988) attributed
the entire sediment yield from a forest watershed to new road construction. Roads can
have major adverse impacts on both surface and subsurface hydrology. The construction-
generated and traffic-induced sediment from a road severely disturbs both the surface and
subsurface soil, increasing runoff rates, reducing subsurface flows, and altering shallow
ground water equilibrium (Elliot et al. 1996a, Swift 1988, Bilby et al. 1989). Roads
increase the potential for erosion due to removal of vegetative cover, destruction of
natural soil structure, cut and fill slopés which necessarily exceed the original slope
gradient, decreased infiltration rates, and interruption of subsurface flow (Megahan and
Kidd 1972).

In addition to erosion, roads reduce forest productivity by the lands that they
occupy. A kilometer (0.6 miles) of road in 1 km? (250 acres) of forest represents a 0.5
percent loss in area and removal from productivity (Elliot et al. 1996a). Forest roads can
occupy up to 10 percent of the forest area if there is a history of intensive logging. It is
believed by some that the primary source of sediment from logging activities is the roads
themselves, used to access forest stands rather than the timber management activities
(Megahan and Ketcheson 1996).

Many studies in the United States have shown that low-volume (low-traffic,
closed roads (i.e. gated)) forest roads are one of the primary sources of sediment in many
watersheds and a major cause of water quality degradation (Elliot et al. 1999). Erosion of

road surfaces is of particular concern both because a high proportion of the eroded
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sediment is introduced directly to streams, and because most sediment from this source is
finer than 2 mm. This fine-grained material is the size most harmful to fish and water
quality (Reid and Dunne 1984). The probability of sediment depositing on the streambed
is positively correlated with its particle size (Bilby et al 1989). The particle size is
greatly affected by the disturbance of the soil caused by construction and use of the road.
In an undisturbed condition there is little evidence of any surface erosion and
stream sediment is predominantly derived from channel sources (Frye et al. 1982, Pierce
et al. 1983). However there is a high.potential for surface runoff erosion following
disturbance of the forest floor (King and Gonsior 1981). Many of the most productive
forests in the Pacific Northwest grow on marginally stable slopes where road construction
increases the likelihood of erosion (Amaranthus et al. 1985). The sediment production
rate attributed to erosion within t‘he area disturbed by road construction averaged 770
times greater than that for similar, undisturbed land in the vicinity (Megahan and Kidd
1972). In a 6-year study by Packer (1967) the roads he studied generated 8,443.5 cubic
feet of sediment, averaging about 220 times greater than the rates for undisturbed land.
Research data shows that traffic on an unsurfaced traveled road can increase
sediment production by a factor of 1.90 (Burroughs and King 1989) and erosion is greater
for the heavily used roads than for the lightly used roads (Trimble and Weitzman 1953,
Reid and Dunne 1984). The increase in erosion with increased use is a result of two

factors:
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1) Mechanical, as each logging truck passes, part of the soil is carried down
the hill and part is compacted.

2) subsoil characteristics

Each succeeding logging truck continues to disturb the soil to a greater depth. The lower
part of the soil profile is more susceptible to erosion because infiltration is slower and
there is less organic matter at greater depths (Trimble and Weitzman 1953). Heavily used
road sections by logging trucks produced sediment at 2 to 25 times as much as lightly
used road sections. These values are 1/5 to 1/10 of that reported by one study (Reid and
Dunne 1984) and equivalent to another study (Bilby et al. 1989) in similar climates.
Trimble and Weitzman (1953) also found that post-logging erosion on the heavily used
roads was greater than on the lightly used roads. This, too, is a result of the exposure of
the more easily eroded subsoil material through more intensive use (Megahan and
Ketcheson 1996, Trimble and Weitzman 1953).

Roads contribute sediment to streams by two primary pathways (Bilby et al.
1989): 1) mass failures of cuts and fill slopes, 2) surface erosion of the road prism,
followed by transport of this material to the channel. The two major factors determining
the amount of sediment washed from a road surface are: transport capacity of the water
flowing off the roads, and availability of eroded material (Bilby et al. 1989).

Transport capacity is a function of rainfall intensity and characteristics of the road
segment (Reid and Dunne 1984). Precipitation intensity and amount determine the

sediment transport capacity of road surface runoff and, along with characteristics of the
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road segment, determine the ditch-flow (Bilby et al 1989). Both road gradient and
surface area were found to influence the timing and volume of runoff for a given storm
(Bilby et al. 1989).

Trimble and Weitzman (1953) found that skid roads on which erosion had
apparently ceased for a period of several months show considerable erosion after intense
rainfall. The amount of transportable sediment available is largely a function of traffic
(Reid and Dunne 1984, Elliot et al. 1999), but is influenced by type of construction g)f the
road (Swift 1984, Elliot et al. 1999), sﬁrfacing material (Swift 1984, Kochenderfer and
Helvey 1987), and maintenance activity (Swift 1984, Elliot et al. 1999).

The three dominant effects of roads on the environment are: 1) surface erosion, 2)
alteration of watershed runoff characteristics, and 3) mass failures (Elliot et al. 1999).
Increased mass failures reduce site productivity and water quality, cause loss of fish
habitat, and damage roads and bridges (Amaranthus et al. 1985). In Amaranthus’ 20-year
inventory study (1985), he found that 1.5 million yd® of debris slide erosion had occurred.
He found the slide frequency to be about one slide every 4.3 years on each 1,000 acres
and the erosion rate was about % yd® per acre per year. Roads occupied only 2 percent of
the area inventoried, yet contained over half of the slides and 60 percent of the slide
volume. The rest of the study area, which was in natural condition, produced only 22
percent of the slide volume. Amaranthus and colleagues (1985) also found that debris

slide frequency and erosion were strongly associated with slope. Terrain with slopes
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greater than 50 percent accounted for 98.5% of the debris slide erosion, but comprised
only 32 percent of the study area.

Road construction practices and their relationship to mass failure were also
studied by McClelland and his colleagues (1999). The practices observed varied from
sidecast construction, prone to fill failures, to roads that had been located by geotechnical
personnel to avoid landslide hazards and were adequately designed and constructed.
Fifty eight percent of the 907 landslides on the Clearwater National Forest were found to
be road related. We can conclude that land management practice which increases water
runoff may bring about a very large increase in sediment erosion (Bethlahmy 1967).

Krammes and Burns (1973) estimated that about 650 cubic yards (497 m?) of
erosion occurred on roads in the immediate vicinity of stream channels in their study.
They also concluded that disturbance from road building changed the sediment/discharge
relationship of the South Fork. It was changed from a supply dependent relationship to a
stream power dependent relationship, resulting in substantial increases in suspended
sediment discharges. In the mountains of the Western United States, forest roads
contribute an estimated 85 to 90 percent of the sediment reaching streams in disturbed
forest lands (Burroughs 1990, King and Gonsior 1981).

Roads appear to advance the time of peak discharge and increases magnitude,
changing the flow routing of water (Jones and Grant 1996, Megahan and Ketcheson
1996). Four watersheds that had active road building had statistically significant

increases in annual water yield (King 1989). King (1989) concluded that increases in
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short duration high flows following road building are more important in terms of
potential channel erosion and bedload transport than increases in longer duration high
flows, such as the maximum mean monthly streamflow.

It must be emphasized that existing roads greatly impact surface hydrology.
Infiltration rates of roads are much lower than natural forest soils (4 versus 80 or more
mm/hr) (Luce 1996, Wemple 1994), hence, the surface area of roads within a watershed
can directly contribute to surface runoff from storms or snowmelt. In most steep forests,
much of the water flowing from that forest moves downslope through the soil until it
intersects an incised channel (Luce 1999) where roads can intersect or block such flow
paths. This subsurface flow is then available to cause instability, direct surface erosion,
or to increase erosion when a storm or snowmelt event does occur. When soils in the
vicinity of a seep area are saturated, weak, easily detached, and have low to no
infiltration, greater local runoff and erosion will occur if crossed by a road (Elliot et al.
1996b).

Several other studies show several characteristics of roads that cause increased
erosion potential. Burroughs (1990) and Amaranthus (et al. 1985) showed that wheel ruts
increase the erosion rate on roads. Erosion rates were 100 times those on undisturbed
areas and produced sediment 2.1 times that of an unrutted travelway. Foltz (1996) found
that the wheel track (road tread) had reduced infiltration compared to the non-tracked
(road center) portion and, therefore, produced more surface runoff. This may be due to

the fact that road materials are more compacted on the road treads, lack organic matter
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and biological activity, have no surface duff layer, and are mainly mineral soil that are
subject to surface sealing (Elliot et al. 1996a). Road treads produce runoff derived from
precipitation and may cause gullying of the road surface and the conversion of subsurface
water to surface water (Harper and Lider 1998). Concentrated flow causes more erosion
than dispersed flow and road treads and ditches are primary sites of concentrated flow on
low-volume roads (Elliot et al. 1999).

There is also a relationship between sediment production and road attributes such
as distance between drainage relief culverts, road slope, soil texture, and cutslope height
(Luce and Cundy 1993). Reid and Dunne (1984) found that multiple regression of
average sediment yield against a variety of basin variables showed that sediment
production is positively correlated with road length.

From past studies, several researchers determined that on native-surfaced roads,
the inter-rill erodibility is similar to that of cropland soils, the rill erodibility is similar to
that of rangeland soils, and the hydraulic conductivity is near zero (Elliot et al. 1999,
Burroughs et al. 1992). The hydraulic conductivity of native-surfaced roads is much
lower than for all other soils, including graveled roads, agricultural soils, and forest soils
(Elliot et al. 1999). The conductivity varies from less than 1 mm/h for a native-surfaced
or non-graveled road, to more than 80 mm/hr in an undisturbed forest (Elliot et al. 1999).

When abandoned roads are still intact, they are part of the road network that
continuously contributes to the detriment of the forest environment. Some of the biggest

concerns with abandoned roads are the problems associated with culverts. Often when a
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road is abandoned, the road drainage system can no longer be maintained and may fail,
leading to significant gully erosion problems as water is concentrated by road prisms or
backed up by plugged culverts (Elliot et al. 1996a).

Culverts may fail due to blockage or deterioration. If a failed culvert was
intended to carry water through a large embankment, drain failure can lead to water
backing up and saturating the embankment (Elliot et al. 1996b). Once a large
embankment is saturated, it is far less stable than it is in the drained condition, resulting
in potential mass failure (Elliot et al. 1994). In other cases, accumulated runoff can
saturate segments of road, leading to road-fill failure and debris flow, which can add
thousands of tones of sediment to streams (Elliot et al. 1996a). In King and Gonsior’s
(1981) study of the ditch system, which contributes to the culvert inlet, the amount of
sediment in the stream approximately doubled when compared to undisturbed or preroad
levels. They also found their primary source of the sediment to be from the roads
surface, ditch system, and cutslopes.

Most of the forest road system, particularly local roads, were built to facilitate
timber harvest and logging operations. They also provide access for administrative
operations like reforestation, surveys, monitoring and fire control, as well as recreation
access for the public. Older roads were often built for operator convenience without
engineering, location or construction control, or any long-term plan for their use,
maintenance, or rehabilitation (Clearwater National Forest 1999). Based on their location

and condition, all currently unclassified roads will be either tracked as a non-road feature
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(already closed and revegetating), will be removed/obliterated (need some stabilization),
or will be put on the forest system if needed for long-term access'.

Many older roads, including those that are overgrown, contain serious mass
failure risk factors, like log drainage structure, logs or slash in fills, or saturated fills.
They can also have live stream culverts of inadequate size, streams diverted from their
normal channels, or fills built on slopes too steep to remain stable (Clearwater National
Forest 2000). Considering the arguments there is a strong need to determine how to

remove or restore the forest road system.

! Skip Hegman, Personal Communication, 2000.
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2.3. ROAD DECOMMISSIONING — THE REMOVAL OF FOREST ROADS

The old paradigm of building roads and gating them to control access, but keeping
them drivable, is no longer appropriate in all situations. New knowledge and concepts in
the area of landscape ecology, managing for healthy ecosystems, habitat fragmentation,
etc., give the Forest Service cause to reevaluate the road paradigm (Lolo National Forest
1991). It is not enough to merely consider whether an area should be open or closed to
motor vehicles; all forms of access (foot, horse, mountain bike, snowmobile, etc.) must
be considered. It may very well turn out that the best road management alternative for
one resource concern may not be the best for other resources (Lolo National Forest
1991).

Roads exist to provide access and allow utilization of land and resources. Many
forested watersheds exhibit accumulated adverse hydrological and environmental effects
from past resource utilization and road building (Moll 1996). Road decommissioning is
an increasingly common practice for the purpose of a variety of management goals.
Typical road decommissioning objectives are’:

» Reduce road maintenance efforts and costs
» Reduce erosion from road surfaces and related sedimentation to streams and
aquatic habitat
Reduce road influences on natural stream and floodplain functions
Restore natural surface and subsurface drainage patterns
Reduce the risk of mass failure and slumping and subsequent impact on streams

Reduce the impact that stream crossings can have on fish passage
Accelerate successional development towards later seral stage

VVVYVYY

2 Traci Sylte, Personal Communication, 2000
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» Change access for wildlife, recreation, etc.
» Change visual quality
» Eliminate or slow down the spread of noxious weeds

When a road is decommissioned, there are at least six fundamental criteria that must be

fulfilled:

1) The road is no longer a sediment source

2) There is little to no potential for mass failure other than that which would
occur naturally

3) Hydrologic function is returned to all stream crossing areas

4) Natural surface and subsurface drainage patterns are returned to more
natural patterns. This is dependent on site-specific variables and closure
options

5) The desired access is achieved

6) Noxious weeds have been considered an an eradication plan is established
if needed

There are several different levels of road decommissioning. The following is a
list of road access management options for Lolo National Forest roads. It is not intended
to be all inclusive and combinations of these methods may also be appropriate (Lolo

National Forest 1991):

GATE

Definition: A physical structure designed for closure, meeting specific dimensions

Intent: Prohibit non-administrative motorized access, while permitting motorized administrative
and most other types of uses, by installing a gate device and affecting a legal closure behind
the gate.

Considerations: Appropriate if routine administrative or other authorized access is needed.
Appropriate for seasonal closure.
Relatively high maintenance and enforcement costs.
Does little to reduce non-motorized use; i.e., mountain bikes, horses, or walking.
Must be located on steep terrain to be effective in stopping vehicles from bypassing gate.
Continues to provide for sources of noxious weed introductions and surface erosion

though less risk than unrestricted access.
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PHYSICAL BARRIER
Definition: About the first 50-100 feet of road entrance is oblitereated or large boulders are
embedded in roadway.
Intent: Prohibit all motorized access, including administrative, by placing barriers and legal
closure behind barrier. May permit other forms of access.
Considerations: Reduced flexibility for administrative use, i.e. fire, road maintenance, post sale
work.
Reduced maintenance and enforcement costs compared to a gate.
Less initial cost than a gate, although it may increase costs for pot-sale work.
Provides for continued non-motorized use.
Greater public acceptability than a gate because administrative and unauthorized use is
virtually eliminated.
Less likely to have noxious weed spread by motorized vehicles.
No vehicular access for maintenance of drainage structures, which may increase the risk of
surface erosion and “washouts”.

DEBRIS ON ROAD PRISM
Definition: Placement of enough continuous or intermittent slash or down woody debris to
prohibit motorized use and discourage other users of the road prism as a travel corridor.
Intent: Prohibit and discourage all forms of human travel, while not destroying the road prism.
The road prism would remain intact for future uses when necessary, and would be reopened
by removal of the debris. Assumes a legal closure is needed as well to prevent people
from reopening the road with equipment. If culverts are left in place, it is required to
have the ability to drive to area in order to inspect culverts. Used in conjunction with
scarification and seeding. Slash shades seed encouraging germination and growth and
adds organic matter to the soil as it decoposes.
Considerations: Eliminates all human traffic, including administrative use.
Effective in eliminating most sources of noxious weed introductions.
Shade created by debris may reduce site suitability for weeds.
Aesthetically offensive to some people.
More appropriate for roads with shortef reentry periods than total recontouring.
Avoids secondary sediment peak sometimes associated with total recontouring.
May increase fuel loading.
No access for maintenance of drainage structures.
Little or no maintenance or enforcement costs.

PARTIAL RECONTOURING

Definition: Recontouring the first 100 feet + or intermittent sections of road, leaving the
remainder of the prism in place, except where other forms of scarification may be needed to
establish vegetation to the road surface. In practice, refers to intermittent sections combined
with other obliteration practices from ripping.

Intent: Prohibit all motorized use and discourage foot travel by physical changes to the road
prism and legal closure to prevent motorized use.
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Considerations: Appropriate where no short term use of the road (less than 20 years) is

necessary and where continued access needs to be severely discouraged.

High initial cost, but less cost than total recontouring.

Little or no maintenance or enforcement costs.

In most cases, would be inappropriate for areas where a road is anticipated to be needed again
for reentry in a short time period.

Less cost to reconstruct than total recontouring.

Minimizes introduction of noxious weeds.

Potential for increased sediment effects of second disturbance, but less sediment contribution
than total recontouring.

Greatest benefits for wildlife species affected by human disturbance.

TOTAL RECONTOURING

Definition: Recontouring the entire length of the roadbed to near-original contour, especially at
stream crossings where fill is all removed and flood plain is re-established. Also at other
locations judged as impractical or likely to cause unacceptable damage to forest resources.

Intent: As far as practical, remove all evidence of the presence of a road. The objectives can be

combinations of discouraging access, enhancing visuals, restoring roadless conditions,
restoring native vegetation, etc. One of the more important considerations is sediment
reduction and re-establishment of natural drainage.

Considerations: Appropriate where no short term use of the road (currently considered to be less
than 20 years) is necessary, and where the continued presence of the road has serious
consequences to one or more Forest resources.

High initial cost.

Little or no maintenance or enforcement costs.

In most cases, would be inappropriate for areas where a road is anticipated to be needed again
for reentry in a short time period.

Minimizes introduction for noxious weeds.

Minimizes surface erosion and runoff.

Greatest benefits for wildlife species affected by human disturbance.

AREA CLOSURE

Definition: Prohibit use of roaded areas using 36 CFR regulation to restrict various types of
entry.

Intent: Use of regulation rather than physical devices as the primary means to restrict use of
roads and/or area.

Considerations: ILess initial cost than closure devices.
Requires extensive signing.
Lower effectiveness with normal law enforcement effort.
May be adapted to a wide variety of situations.
Locally, this has not been effective where physical closures were not also present.

Each closure level has a range of possible costs (Appendix A).
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Few natural resource issues in recent years have attracted as much public scrutiny
as the management of the forest road system (USDA Forest Service 1998). The annual
maintenance need is estimated to be over $500 million for all forest system roads. This is
5 times the annual maintenance funding. Thus, very few roads are maintained to US
Forest Service standards (USDA Forest Service 1998). From 1991 to 1998, funding for
decommissioning roads has only financed a reduction of about 0.5% of the National
Forest Transportation System per year (USDA Forest Service 1998).

The decision to maintain or decommission a road should be based on the
maintenance required, transportation system needs, and potential environmental risks. It
is often chosen to just gate a road due to lack of funding for maintenance. One concern
with closures of this sort is that after a road is gated, the road drainage system is not often
maintained and may fail, leading to significant gully erosion problems as water is
concentrated by road prisms or backed up by plugged culverts (Elliot et al. 1996).
Culverts can be inspected, but often they are not due to lack of funding, time to do
inspections, or available funds put into physical maintenance. In other cases accumulated
runoff can saturate segments of a road, leading to road-fill failure and debris flow that can
add thousands of tones of sediment to streams. Careful planning and management are
necessary to prevent such catastrophic problems. Individuals contemplating road
abandonment should consider if the reduced sediment yields without traffic are

sufficiently low to protect the forest resources.
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In many national forests, much watershed restoration work involves road removal.
Most national forests have more roads than can be maintained, and with decreased
budgets the amount of unmaintained roads that can be removed is limited (Elliot et al.
1996b). Setting priorities for road closure based on the impacts and risks involved in
closing, removing, or discontinuing maintenance has become a major challenge for forest
managers. Moll (1996), of the San Dimas Technology and Development Center, created
a guide for road closure in the Forest Service. It is a compilation of information on road
closure and obliteration and related watershed restoration work. It is meant to work as an
aid to resource specialists, engineers, and the interdisciplinary team process. This guide
is based largely on submission from Forest Service field units for the Road Closure and
Obliteration Project (Road C & O).

Road C & O and related watershed restoration work are steps in environmental
healing and initiating return to natural processes (Moll 1996). Many resource specialists
consider this work to be a critical component of ecosystem management. The top priority
is management goals and depends on the integrated resource needs of the project leaders.
As an example, if your top priority was erosion control, then your target would be to:
reduce soil and organic loss, embankment washout, sedimentation, turbidity, and damage
to the fluvial system and fish habitat; to reduce or eliminate erosion induced damage
resulting in reductions to in-situ moisture conservation; and to control eroded sediments

so that they do not enter streams (Moll 1996).



38

Reconditioning worn-out native surface roads, especially in areas of rocky terrain,
has always been a problefn for road managers (Hegman and Kreyns 1993). More and
more specialists are choosing to remove or “obliterate” the roads. Road obliteration is
the removal of a road by recontouring it to “approximate original contour” (AOC) of the
natural slope (Bell et al. 1989). It is part of the road decommissioning process and is also
called road removal, road recontouring, or road restoration.

Many forests are creating road obliteration programs, but they have insufficient
data on which to rely. These forests, such as the Clearwater National Forest, Idaho
Panhandle National Forest, and Lolo National Forest are the leading contributors to the
obliteration process. In the past few years, they have begun to look for more solid and
adequate design techniques with supportive data.

The reasons for obliterating roads are based on the objectives of that forest in that
particular area and can be the same or different for each forest. In some areas obliteration
is driven by wildlife concerns, such as for elk or grizzly bear habitat, and in other areas it
is done for watershed and fishery concerns. For example, the objectives for the
Clearwater National Forest obliteration program are (Clearwater national Forest 2000):

e Reduce erosion from road surfaces, slopes and related sedimentation of
streamns
Reduce the risk of mass failure and subsequent impact on streams
Restore natural surface and subsurface drainage patterns

e Use road maintenance funds more effectively by concentrating the
available funds on roads that are needed for long-term access
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The objectives of the Idaho Panhandle National Forest obliteration pfogram are (Harper
and Lider 1998):

e Trend the watershed from a “press” disturbance regime toward conditions
of a “pulse” disturbance regime’

e Increase the resilience of existing fish habitat to existing stresses (riparian
harvest, elevated sediment supply, and water yields)

e Increase elk and other wildlife security

The objectives of the Lolo National Forest obliteration project of O’Brien Creek
Watershed are (Hegman, Personal Communication, 2000):

Restore elk habitat

Restore aesthetic quality

Use road maintenance funds more effectively
Reduce the risk of “slumping” from failing road sites

The Clearwater National Forest had many problems with landslides and slumping
due to road failure and wetter climate. Road inventories on the Idaho Panhandle National
Forest indicated that the greatest problem was the failure of road fills near stream channel
crossings (Harper and Lider 1998). A secondary problem on this forest was the gullying
of road surface from runoff derived from precipitation and the conversion of subsurface
water to surface water at road cuts. The Lolo has some problems with slumping of
failing road systems. But the biggest problems with roads on the Lolo National Forest

are surface erosion of roads in close proximity to streams, undersized culverts, and

? Press disturbances are permanent or persistent changes to the watershed such as road development and the
application of widespread clear-cutting over several decades. Pulse disturbances are described as those that
cause relatively instantaneous, local alteration without persistent changes in the physical structure of the
system.
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insufficient drainage control. Total recontouring (or obliteration) is often chosen so as to
prevent mass failures and decrease surface erosion at the same time. In 1998 alone, the
Clearwater National Forest (1999) obliterated 134 miles of road. The Idaho Panhandle
National Forest decompacted or recontoured 75 miles of road in 1994 and 1995 (Harper
and Lider 1998). The Lolo National Forest has obliterated approximately 40 miles of
road from 1994 to 2000°,

Average costs for road obliteration vary depending on the site. Each site has a
different soil type, precipitation rate, geologic type, number of stream crossings, etc.
Many factors determine how difficult and time consuming a road obliteration project will
be. This will vary depending on the width, length, and type of road terrain, number and
sizes of stream crossings, culverts, and bridges, and number of erosion problems, such as
severe erosion gullies or road slumping.

Clearwater National Forest (2000) estimated an average cost for total obliteration,
including planning costs, to be about $10,000 per mile. The Idaho Panhandle National
Forest estimated an average cost of $4,640 to $7,550 per mile, depending on the severity
of the conditions (Harper and Lider 1998). The Lolo National Forest estimated an
average cost for total obliteration on the O’Brien Creek Watershed to be a little over

$5,000 per mile, or about $1.00 per foot’.

4 Skip Hegman, Personal Communication, 2000
5 Skip Hegman, Personal Communication, 2000



41

To obliterate a road, generally, the following work is performed (Clearwater

National Forest 1999, Harper and Lider 1998, Moll 1996):

o Culverts are removed

o Fills are removed in the area around live streams, and stream channels are
restored to their original grade

o Ditches are eliminated and the road surface is strongly outsloped or
recontoured to provide continuous drainage

o The road surface may be decompacted to promote tree and other
vegetative growth

o Disturbed areas are grass-seeded and fertilized

o Erosion control blankets are installed at sensitive locations, such as stream
crossings, to control surface erosion

o Other disturbed areas receive straw mulch, native woody debris, or a
scattering of logs and stumps

o Native shrubs excavated during outsloping or recontouring are
transplanted into the disturbed area

Stability and erosion risks are associated with unmaintained roads, and the same risks are

associated with various removal strategies, such as culvert removals, surface ripping,

outsloping and recontouring. Several mitigation measures can be taken to prevent

damaging levels of sediment from entering streams during the road obliteration process

(Clearwater National Forest 1999):

o]

Placing removable sediment traps below work area to trap fines during
obliteration work

Where necessary, using drainage or diversion pipe in wet areas or when removing
large fills

Utilizing erosion control mats on stream channel slopes and slides

Constructing road or log weirs to dissipate energy in newly constructed stream
channels

Armoring channel banks and dissipating energy with large rock whenever
possible

Coordinating obliteration activities to avoid spawning times and locations
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One of the most important factors in road removal, especially with road obliteration,
is the use of vegetation. It was found that percent ground cover is the principal variable
to reduce surface runoff (Burroughs 1990). Bell and his colleagues (1989) concluded that
rapid vegetation establishment immediately after final recontouring is essential to
maintain soil productivity and prevent excessive sedimentation on steep sloped
approximate original contour backfills. They found that 80% grass cover should reduce
soil loss to approximately the same level as existed prior to disturbance, where
topographic conditions are identical.

Site-specific treatments supporting revegetation include:
Scarification
Placement of organic debris, soil, logs, and rock

Fertilizing, mulching, chiping and spreading of slash
Seeding, vegetative plantings, transplantings

Vegetative cover maintains infiltration capacity, stabilizes the road prism, and
protects against erosion (Luce 1997), it also reduces the effects of rainfall impact on soil
erosion (Burroughs and King 1989). One year after treatment, litter appeared to be more
effective in favoring infiltration of rain into the soil (Lowdermilk 1930). Other
researchers have shown the advantages of plant cover, litter, or both for surface erosion
control on granitic soil (Packer 1951, Bethlahmy 1967). Yet, reseeding alone does little
to control surface erosion until germination and growth of the new plants, and then only
if the seed has not been washed from the slope (Burroughs and King 1989, Megahan and

Kidd 1972).
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Research has shown that surface erosion on recontoured roads can be greatly
reduced and areas of mass erosion can be stabilized by deep-rooted vegetation (Megahan
1974). The difficulty is in finding a way of establishing vegetation that will reduce both
types of erosion (Megahan 1974, Megahan and Kidd 1972). Gifford (1973) found that
chaining and burning of slash, followed by seeding, will cause an increase in runoff for
the first few years following treatment, then runoff decreases as the new plants establish
themselves. The debris left scattered on the soil surface acts as both retention and
detention storage, the magnitude of which is large enough to nearly eliminate all runoff
(Megahan and Kidd 1972). The soil under the debris-in-place treatment is not able to
absorb water any faster than is the soil under the woodland, but it is held on the landscape
until the water is absorbed (Gifford 1973). Mulches caused a highly significant reduction
in erosion that averaged about 95 percent of that occurring on the control plots for the 3
years of Megahan’s study (1974). He found that planted trees alone provided
surprisingly large decreases in annual erosion rates, ranging from 32 to 51 percent.

The filter windrow was found to be one of the most cost-effective methods to
reduce surface erosion on disturbed sites (Burroughs 1990). Filter windrows are barriers
constructed of logging slash, or any other woody materials around, that slow the velocity
of any surface runoff, causing deposition of most sediments (Burroughs and King 1989).
It was found that these dense barriers of slash reduced sediment that leaves the fillslope
by 75 to 85% over a three-year period following road deconstruction. King and Gonsior

(1981) found that the filter windrows in their study captured all of the eroded fill
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material. They also found that the downslope transport distance of material from
unprotected fills was one to two orders of magnitude greater than from windrowed fills.

To reduce watershed degradation by roads that are no longer needed, many roads
are being closed and obliterated. Roads are being considered for obliteration, due to
budget constraints, access management planning, sediment risks, visual impacts, existing
stability, or degree of re-vegetation. (Luce 1997). Ripping is considered so fundamental
that few studies have addressed it directly (Luce 1997), and many are using it as a
common practice to increase the infiltration capacity of roads during closure. Gifford
(1975) reviewed a few studies on the effectiveness of ripping in decompacting rangeland
soils. The article reviewed showed that deep ripping could greatly decrease runoff from
natural events, while shallow ripping with little surface disturbance had little effect.

If the purpose of the ripping is, in part, to prevent surface runoff, it must increase
the infiltration capacity of the soil. A rough surface promotes better water retention for
plant establishment, resists erosion, and may even reduce the need for mulching or
netting treatments. Rose (1962) has shown that infiltration and percolation are higher on
disturbed soils than on undisturbed soils. The only effective method to remove very fine
particles from ditchflow is increased infiltration through the soil. This is emphasized by
the work of Bilby and his colleagues (1989). Their work showed that retention of the
finest size fractions of the material introduced into the two small tributaries occurred only
when the flow percolated through the streambed. One of the leading researchers in road

reclamation found that ripping and subsoiling alone provide only temporary and marginal
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improvements reducing surface erosion (Luce 1997). It is for this reason that many have
chosen to fully recontour roads, incorporating ripping in their projects with the total
removal of the roads.

Swift (1984) studied the sediment production from treated and untreated road
segments subject to natural climatic events. In 13.3 months, the treated road segment
reduced sediment production by over 85 percent. McClelland and colleagues (1999)
reviewed 9.65 km (6 miles) of obliterated roads where treatments ranged from merely
closing the road to traffic to full recontouring. They were not aware of any road-
associated landslides occurring on the treated roads. Slides did occur on adjacent
untreated roads on the same landforms. On the basis of these observations, it was
concluded that road obliteration has successfully reduced road-related landslides. About
22.5 miles of road obliteration had been completed on the North Fork drainage prior to
the landslide events of 1995/96, and about 5.3 miles had just been completed in the
Pine/Fir Creek area of the Orogrande Watershed. No obliterated roads are known to have
failed during the floods or since (Clearwater National Forest 1999). All those who have
worked with road obliteration and removal in any way strongly agree on the importance
of monitoring the completed projects. With little information available, many will look
to the data from monitoring to support future road decommissioning projects.

Results of Wemple’s study (1994) suggest that removing roads from the drainage
network may be an effective first step toward watershed restoration. It is necessary to

understand the effects of roads and other disturbances on natural hydrology and identify




problem areas in the field prior to designing effective closure and obliteration projects.
Roads can concentrate water and inflict damage on natural fluvial systems that can
accumulate when combined with other disturbances in the forest. That is why
consideration of all possible consequences is critical before deciding to select
abandonment. It is expected that nearly all new local roads will be “stored” (not acted
upon) for a significant period of time or returned to vegetative production shortly after
their use (USDA Forest Service 1993, Clearwater National Forest 2000). Road
decommissioning will continue to be done by the Forest Service. It is with this
understanding that all options must be reviewed in order to make well-supported

decisions.

46
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2.4. THE EFFECTS OF RAINFALL ON SOIL. EROSION AND THE USE OF
RAINFALL SIMULATORS

“Soil detachment: The removal of transportable fragments of soil material from a
soil mass by an eroding agent, usually falling raindrops, running water or wind” (Farmer
1973). The effects of rainfall and raindrop impact on soil, is an important factor in
understanding the soil erosion process. For the most part, raindrops provide the
detaching force prerequisite for transporting soil particles by the sheet of surface
detention water (Farmer and Van Haveren 1971). The process of erosion by water
comprises four phases: the detachment of soil particles from the soil by raindrop impact;
detachment by runoff; the transport of the detached particles by raindrop impact; and
transport by runoff. Through its ability to detach soil particles, raindrop impact is, along
with weathering, the first stage in the soil/water erosion process (Quansah 1981, Rose
1960). Where intense rainfall is experienced, this process of raindrop detachment and
runoff transportation can give rise to serious agricultural, animal grazing, or engineering
problems.

Quantitative measurement of soil detachment due to raindrop impact is needed for
a better understanding of soil erosion and rainfall effects. Several researchers have made
it clear that before the stage of “rill” or “gully” erosion is reached, raindrop impact is a
more important cause of soil detachment than runoff water (Ekern 1950, Ellison 1947,
Ellison 1952, Laws, 1941). Research of this nature began as early as 1944 by Ellison

(Al-Durrah and Bradford 1981). Since then, many studies on soil splash have been
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conducted using different devices and techniques. In general, two problems restrict
researchers from being able to directly measure the amount of soil splash from a single
raindrop at terminal velocity. These are the horizontal drifting of a waterdrop at its
terminal velocity and the difficulty in collecting the soil splash (Al-Durrah and Bradford
1981). In order to obtain energies similar to those occurring in natural rainfall, drop
towers 8 meters or more must be used. But, at these heights, the drift of free-falling
waterdrops becomes a serious problem (Al-Durrah and Bradford 1981). The wind affects
the raindrop fall vector and velocity near impact with the soil (Mutchler and McGregor
1979).

Four aspects of drop impact erosion were also investigated by Ekern (1950): the
influence of the total amount of impact energy applied to the area eroded; the influence of
the energy applied per unit impact; the influence of the slope of the area; and the
influence of the size of the particles exposed to the impact. The amount of soil splash
from drop impact depends upon forces, which tend to detach material, and opposing
forces, which resist particle movement (Al-Durrah and Bradford 1981).

Upon striking bare soil these drops detach particles from the soil mass and the
resulting splash carries them as far as two or three feet from their original site (Meeuwig
1970). Farmer and Van Haveren (1971) have also shown that a potentially large amount
of soil material can be moved (eroded) downslope by the action of raindrop splash. As
previously stated, other studies have show that maximum detachability of soil occurs for

particles between diameters of 0.3 to 0.1 mm, and when the size of the soil particle
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increases, there is a reduction in detachability due to increasing particle mass (Farmer
1973).

Following this direction of findings, several researchers have indicated that the
amount or rate of soil particle detachment is directly related to rainfall intensity (Rdse
1960, Ekern 1950, Ellison 1947). The potential effects of rainfall can be characterized by
a summation of the kinetic energy of the falling drops. Ekern (1950) observed a 7.2 mm
maximum diameter in natural rain and determined the terminal velocity as that expressed
by Gunn and Kinzer (1949). Ekern discovered that when drop shape, size, and velocity
were held constant, the amount of sand transported was directly proportional to the
intensity.

Rainfall is made up of water drops of various sizes and shapes falling in an
atmosphere of various temperatures, humidity, and wind (Mutchler and McGregor 1979).
The erosive capacity of a raindrop depends on the energy per unit area of the individual
drop. Laws (1941) observed a 1,200 percent increase in the erosion rate when he
increased the drop size from 1 to 5 mm. He attributed this erosion-rate increase to the
greater kinetic energy of the larger drops. The kinetic energy of the falling drop
determines the force of the blow that must be absorbed at each impact, while the
horizontal area of the drop determines the amount of soil that must sustain that blow
(Ekern 1950). Many studies of splash erosion have been largely concerned with the
establishment of power equations relating splash detachment to the intensity and/or

kinetic energy of rain (Bryan 1969, Bubenzer and Jones 1971, Ellison 1952, Quansah,
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1981). The kinetic energy computations depend on the mass and velocity of the falling
raindrop (Mutchler and McGregor 1979).

Laws (1941) conducted an extensive study of the fall velocity of water drops
falling through still air as a function of drop size and fall distance. Gunn and Kinzer’s
work (1949), although obtained using a different experimental technique, substantiated
Laws’ data. The fall distance required to reach terminal velocity is dependent upon the
size of the drop. For example, a 1.0 mm drop will reach terminal velocity after falling
about five meters, whereas a 4.0 mm drop requires more than 10 meters free fall to reach
terminal velocity. Bubenzer (1979) obtained results that indicated that there is a rapid
increase in mean drop diameter with intensity for rainfall rates up to about 50 mm/hr.
There is also strong evidence that at higher intensities the mean drop diameter tends to
remain nearly constant or decrease slightly (Meyer 1979).

Rainfall drop size distributions have been parameterized with the D5, drop size,
where 50 percent of the total volume is less than Dy, and 50 percent is greater (Mutchler
and McGregor 1979). Laws and Parsons (1943) established an equation to relate median
drop sizes to intensities in inches per hour: Dy, = 2.23 I*'*?, Raindrop impact velocities
are estimated to be equal to the terminal velocities of water drops. And terminal velocity
is often referred to as the square root function of drop diameter for diameters smaller than
3 mm (Mutchler and McGregor 1979). Terminal velocities of waterdrops based on

measurements have been well accepted. Laws (1941) reported velocities for drops with
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diameters from 1.2 to 6.1 mm; and Gunn and Kinzer (1949) studied drop sizes ranging
from 0.08 to 5.8 mm, which are both still used as guidelines today.

For most point measures of soil erosion at a given time, the precipitation factors
of greatest interest are rainfall intensity, raindrop size distribution, impact velocity, and
total rainfall (Farmer and Van Haveren 1971). These factors are not independent of each
other. In nature the four parameters are inter-related in a complex manner. Review of
past literature indicates that the interaction is highly variable within and between storms
and across geographic regions (Barnett and Dooley 1972, Bubenzer 1979, Ekern 1950,
Ellison 1952, Fogel et al. 1979, Kinnell 1973, McCool et al. 1978, Mutchler and
McGregor 1979.) Kinnell (1973) reported a study of the erosivness of rainfall based on
data from Florida, New Jersey, and the Marshall Islands. He calculated values of three
parameters: momentum, kinetic energy, and kinetic energy per unit of horizontal area of
the drop. He concluded that these parameters vary both for rain type and location. The
best example we know of representing regional differences in rainfall is the derivation of
the R-factor by Wischmeier for use in the Universal Soil Loss Equation (Mutchler and
McGregor 1979, Wischmeier 1962).

No single parameter has surfaced as the best parameter to describe rainfall
erosivity over a wide range of conditions; yet, choices must be made among the rainfall
parameters as to which is of most importance to simulate (Bubenzer 1979). The need to
simulate rain is strong for research purposes. Rainfall simulation was widely used in the

past, with some question as to the credibility of its use. With increasing knowledge and
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improvement of rainfall simulators, it is becoming more widely accepted and thus, used
more frequently in scientific studies.

“Simulate: 1. To give false indication of, pretend, feign.

2. To have the external characteristics of. Look or act like.”

(Bubenzer 1979).

Rainfall simulators are devices that apply water to research plots in a manner similar to
natural rainfall (Neff 1979). The need for rainfall simulation to conduct scientific testing
is increasing. Collecting adequate research data involving natural rainfall is very time
consuming because natural weather is so variable. Rainfall simulators can be used to
collect data in a relatively short period of time, rather than the 10 to 20 years needed to
collect sufficient information from natural rainfall events. To be able to “control” rain
and call upon it when needed, as opposed to waiting for nature to take its course, is
invaluable.

There are many advantages to using rainfall simulators (Neff 1979): They are
cost efficient, and provide a maximum of control over when and where data are to be
collected; control over plot conditions at test time; and within design limitations,
simulated rainfall may be applied at selected intensities, for selected durations, and at
selected treatment conditions. Because of the degree of control that can be exercised
over simulator operation, the cost per unit of data collected is quite low when compared
to unit costs of long-term experiments depending on natural rainfall. Results from only a

few simulated storms at selected conditions often provide desired information (Meyer

1965). Long-term experiments require not only the cost of initial instrumentation but
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also a great deal of personnel time for plots and instrument maintenance. The degree of
control afforded by rainfall simulators provides a technique for collecting a large amount
of data in a relatively short period of time. Watershed and simulator studies can
compliment each other to accomplish several things: watershed data can be used to verify
simulator results and to develop methods for expanding results from plot size to
watershed size area; simulators may be used to expand the results of watershed studies
over a wider range of rainfall events; and simulators may be used to extrapolate
watershed results to other areas (Neff 1979).

There are some disadvantages to rainfall simulation as well (Neff 1979): they can
be expensive to construct, depending on the size needed which affects the materials price
and the number of people required to operate them; and the areas are small, thus, they
may or may not be representative of the general area of concern. They do not produce
drop size distributions that are identical to natural rainfall; they are not always able to
produce rainfall intensities with the temporal variations of natural rainfall; and some do
not produce drops that approach the terminal velocity of corresponding size drops of
natural rainfall. The lower velocities in combination with smaller drop size distributions
result in lower kinetic energy than that produced by natural rainfall, and this may require
some form of compensation (Barnett and Dooley 1972). Although imperfect, rainfall
simulators are essential tools for investigation of hydrologic processes on arid and

semiarid rangeland where rainfall events are sporadic (Wilcox et al. 1986). Infiltration
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and erosion studies by rainfall simulator methods are needed to compliment historical and
ongoing watershed research.

Rainfall simulators have been used in the United States for about 70 years in
many areas of study (Neff 1979). In the early days, primary use of this tool was on
cultivated farmland in the East and Midwest (Lal 1994). Other research studies have
been done with testing the effect of row spacing (Wischmeier and Mannering 1969), the
cropping intensity on soil erosion (Moldenhauer 1979), the effectiveness of various
covers on erosion from highway backslopes (Meyer 1960) and construction sites (Meyer
1979), and water pollution from cropland (Moldenhauer 1979, Basta et al. 1997).
Numerous erosion studies have produced valuable lasting data since the 1930s (Adams et
al. 1957, Barnett and Rogers 1966, Borst and Woodburn 1940, DeLuca et al. 1998, Ekern
1950, Ellison 1947, Ellison 1952, Gifford 1973, Lacey and Marlow 1990, Lowdermilk
1930, Meyer 1960, Meyer 1965, Schmid 1988, Wilcox et al. 1986). Studies involving
separation of rill from interrill erosion have been conducted (Mutchler et al. 1994, Young
1979), as well as research on particle movements, infiltration, aggregate stability, soil
crusting, detachment, and effectiveness of soil condition in controlling erosion. Using
rainfall simulators, size distribution of erosion material has been studied (Weakly,
Swanson, Dederick, Young, and Onstad) (Moldenhauer 1979).

Rainfall simulation studies for field use have certain common features: they are
portable; can supply “rainfall” when and where needed; have defined field plots that are |

treated or maintained according to the study objectives; and have procedures for
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measuring the output from the plots (Neff 1979). The size of simulators varies from
small laboratory systems to those covering several acres. They have been used on plots
ranging from small cans filled with soil to greater than a hectare (Laflen 1979, Meyer
1979). A large rainfall simulator can apply dozens of rainfall intensities to several large
plots at once. A small rainfall simulator can apply several rainfall intensities from less
than 10 mm/hr to more than 100 mm/hr on interrill areas of about one meter square or
less. It can be set up and taken down in less than an hour and is usually hauled in a truck
(Meyer 1979). Uniformity suffers as plot size increases because of edge effects;
however, uniformity is very good for plots up to about 3000 square feet and is
satisfactory for plots up to 4200 square feet (Neff 1979).

Researchers have invented a wide range of techniques and equipment for
simulating rainfall ranging from walking up and down the slope with common sprinkler
cans, to elaborate, pushbutton operated electronic and hydraulic machines (Meyer 1979,
Meyer and McCune 1958, Mutchler and Hernsmeier 1965). The artificial rainfall factors
fall into two main categories: laboratory simulator and outdoor or field plot simulators
(Young 1979). And the major techniques used to produce simulated raindrops for
erosion and hydrologic studies can be grouped into two broad categories: those involving
nozzles from which water is forced at a significant velocity by pressure, and those where
drips form and fall from a tip, starting at essentially zero velocity (Meyer 1979).

The “drips from tips” method is the formation of drops on the tip of a material

until the weight of the drop overcomes its surface tension to the drop former and the drop
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falls. It is, therefore, gravity activated. Early forms of this approach used short lengths
of yarn hanging through holes in the bottom of a water container (Meyer 1979, Bubenzer
1979). The drop formers were evenly spaced to give a uniform intensity distribution over
the test area. However, to prevent the drops from repeatedly falling in the same spot,
either the applicator unit or test plot was moved. This rainfall simulator was called the
“dripolator” (Mutchler and Hermsmeier 1965). More recently, hollow glass capillary
tubes, hypodermic needles, polyethylene tubing, brass or stainless tubes have been used
as drop formers. Rate of drop formation is controlled by the length of the tubes, the
diameter of the tubes, and/or airtight models into which flow or pressures are controlled
(Bubenzer 1979).

Several parameters have been suggested for use in simulator design, but modeling
criteria have not yet been accurately delineated. The degree of simulation for any
simulator varies according to the criteria used (Meyer 1965, Bubenzer and Jones 1971).
Here are the criteria most widely accepted:

1. Drop size distribution is similar to that of natural rainfall (Borst and Woodburn

1940, Meyer and McCune 1958, Nassif and Wilson 1975, Meyer 1965, Shriner et

al. 1977).

2. Drop velocity and impact are near terminal velocity (Meyer and McCune 1958,

Nassif and Wilson 1975, Meyer 1965).

3. Rainfall intensity corresponds to natural conditions (Meyer and McCune 1958,

Shriner et al. 1977, Meyer 1965).

4. Research area is of sufficient size to represent the treatments and conditions to be

evaluated (Meyer 1979, Meyer 1965).

5. Rainfall is uniform and has random drop size distribution (Borst and Woodburn

1940, Meyer and McCune 1958, Meyer 1965, Shriner et al. 1977).

6. Raindrop application is nearly continuous throughout the study area (Meyer 1979,
Meyer 1965).
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7. Angle of impact is nearly vertical for most drops (Meyer 1979, Meyer 1965).
8. Total energy approaches that of natural rainfall (Munn and Huntington 1976).
9. The storm patterns are reproducible (Meyer and McCune 1958, Shriner et al.

1977, Meyer 1965).

10. The simulator is portable for movement from site to site (Meyer 1979, Meyer

1965).

Perhaps the most widely used study in the United States is that of Laws and Parsons
(1943). The data from their study has been used in the design of many of the current
rainfall simulators and sprinkling infiltrometers (Meyer and McCune 1958, McCool
1979).

Approximating natural drop size and kinetic energy (terminal velocity)
characteristics while retaining desirable intensity has been one of the most difficult
problems in rainfall simulator design. Results of a study at Pullman, Washington, and
Corvallis, Oregon (McCool 1979) have shown a drop size vs. intensity relationship quite
similar to that developed by Laws and Parsons (1943), although the intensities were much
lower than most of the Laws and Parsons data. Kinetic energy at impact is the
characteristic most often used to compare rainfall simulators with natural rain. Most
rainfall simulation studies use intensities of about 12 cm/hr, which is far in excess of
normal rainfall rates (Bryan 1969, Quansah 1981, Wischmeier and Mannering 1969).
Such high intensity rainfall simulation is desired for two reasons: to produce adequate

runoff to make up for limited overland flow; and to make up for the low kinetic energy

associated with the rainfall simulator (DeLuca et al. 1998).
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These studies using field rainfall simulation on small plots have indicated the
importance of slope and rainfall intensity in estimating interrill erosion (Bajracharya et al.
1992). And it is these studies that have led to the advancement of knowledge in the area
of rainfall characteristics and erosion. For example, studies of the effect of slope shape
on soil loss have allowed considerable refinement of the combined slope length and
degree (LS) factor of the Universal Soil Loss Equation (Mutchler et al 1994, Young
1979). The single most reliable parameter for relating simulated rainfall characteristics to
soil erosion has been the EI factor (the kinetic energy of the applied rainfall times the
maximum 30-minute intensity), which was devised by Wischmeier as the best predictor

of erosion from a given simulated storm (Wischmeier and Smith 1965, Young 1979):

KE =916 + 331log,]] where KE = kinetic energy and I = intensity

The EI of a simulator application is proportional to the application intensity squared,
assuming the simulator applies rainfall at a constant energy per unit of water.

The formation of drop size by the rainfall simulator is of most importance. Drop
size and fall distance determine the fall velocity of the simulated rain. Laws and Parsons
(1943) reported the average drop diameter for a 10 c/hr intensity natural rainfall event
is about 2.8 mm. Because of the small drop size, kinetic energy of a simulated rainfall of
10 ecm/hr is only about 36% of that of a natural event of the same intensity. So,

compensations must be made when using a simulator. This is just one of the
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considerations that needs to be addressed when deciding to use a rainfall simulator for
research. Other considerations are test area size, type of erosion or infiltration testing for,
plot conditions, water supply, handling convenience, cost, safety, etc. Test procedures
have an impact on the results of analysis of rainfall simulator data (Laflen 1979). Data
accumulated with rainfall simulation may be subject to some misinterpretation depending
upon the type of simulator used and the conditions under which the tests were made
(Young 1979).

Rainfall characteristics, such as intensity, drop-size distribution, energy, and
duration relationships vary widely across the United States (McCool 1979). Thus, a
rainfall simulator should approximate the intensity characteristics of the storms of
concern in a region. This will also help in determining what type of simulator one should
use. Rainfall simulation is a valuable tool that will only help to further our knowledge of
soil erosion processes and characteristics and the effects of our current and future
management practices on the land. However, characteristics of natural rainfall must be
accurately simulated, data must be judiciously analyzed, and limitations must be clearly

recognized for proper interpretation of the results.



CHAPTER 3: MEASURING THE EFFECTS OF EXISTING AND

RECONTOURED FOREST SERVICE ROADS ON SURFACE EROSION

3.1. PURPOSE AND OBJECTIVES

The purpose of this work was to monitor sediment generation from native surface,
timber harvest access roads and decommissioned access roads on National Forest land.

The specific objectives of this study were to:

I. Determine if surface erosion and water runoff from these existing native-surface
timber harvest access roads differed from surface erosion and water runoff from
fully recontoured forest service access roads, taking into account several variables
that can affect sediment runoff.

IL. Determine the influence of specific road decommissioning treatments (and
resultant vegetative cover) on sediment detachment rates across different geologic

formations and slopes.

60
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3.2. DESCRIPTION OF STUDY AREA

LOCATION

This study was conducted at the O’Brien Creek Watershed in the Lolo National
Forest. The O’Brien Creek area in which this project was carried out is approximately
5,760 acres, and lies five miles west of Missoula, Montana. It is bordered on the south by
Blue Mountain, on the east by the Bitterroot River, on the north by the Clark Fork River
and on the west by the Deep Creek/Albert Creek Divide (Henderson and Hillis 1998).
Plots established in this study fell within Sections 19, 20, 29, and 29 of Township 13
North, Range 21 West and Sections 23, 24, 25, 26 of Township 13 North, Range 20 West
on the Blue Mountain Quadrangle (Appendix B). The elevation of O’Brien Creek
Watershed ranges from 3,000 to 6,800 feet above sea level. Second and third order
drainages are deeply incised.

In 1993 and 1994, Owens and Hurst Timber Company built roads, logged most of
the property and sold about 600 acres to a neighboring homeowner (Henderson and Hillis
1998). The National Forest portion of this watershed was in private ownership until
1996. Most current private landowners are at lower elevations. The O’Brien Creek map
in Appendix B shows the location of the individual plots along with the geologic
formation types, the main road, the recontoured roads, and roads that will be recontoured
in the future. An extensive road network exists on federal lands. Approximately 40

miles of roads have been recontoured since 1996, with many more miles of road to be
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recontoured in the future. Prescribed burning is also planned on about 800 acres in the
O’Brien Creek Watershed. The 11.7-mile main loop road will be left opened for non-
motorized use. Lolo National Forest and Plum Creek Timber, Inc. are the primary land

managers.

CLIMATE

The climate of the study area is typical of higher elevation regions. Atmospheric
conditions are modified by aspect and slope, and become progressively cooler and
moister as elevation increases. Summers are usually dry but occasional thunderstorms
are not uncommon. Climatic data, recorded approximately 5 miles south of Missoula
Airport, for average high and low temperatures and precipitations are listed in Table C.1
in Appendix C. Rain events are listed in Table C.2 in Appendix C. The average
precipitation, for 1961 to 1990, was the highest in June with 2.20 inches and lowest in
November, with 0.65 inches. Since 1961 the maximum hourly precipitation rate recorded
for a single rainfall event during the months of June through September was 2.87 cm
(1.13 inches) (Jim Ashby)'. At times the summer temperatures can reach 100 °F, but the
average high temperature (for 1961-1990) was only 85.1 °F in July, with the average low

temperature being 15.2 °F in January.

! Correspondence with Jim Ashby of the Desert Research Institute, Western Regional Climate Center.
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SoILS AND GEOLOGY

Source of the soils are formed of thick, very cobbly alluvial, tertiary period
deposits, which underlie some of the soils within the area of the study. In other areas
soils are formed in weakly weathered quartzite, siltite, and argillites colluvial of the Belt
Supergroup. The alluvium consists of stratified sands, gravels and cobbles, and silts.

The alluvial gravels and cobbles are primarily made of argillite, siltite and quartzite from
the Belt Supergroup. Included are up to 5 percent rock outcrop. Belt Supergroup
metasedimentary bedrock can occur along stream channels or near steep mountain slopes.
The bedrock is highly fractured and rock fragments have been churned upward by frost
action producing extremely rocky soils along with intermittent patches of rubbles on the
surface. All of the soils fall within the Ochrept sub-order. Most are sandy soils, but
some have a thin volcanic ash mantle (those in the Andic sub-group) providing a loose,
fine textured surface soil.

Some of the bedrock also consists of weakly weathered layers of metasedimentary
rock that produces hard, angular rock fragments. Upper bedrock layers are usually
fractured and permeable to water. They may also be fractured and form talus stringers in
drainage ways and toeslopes (USDA 1998). The soil classification from the Land
Systems Inventory (Sasich and Lamotte-Hagen 1988) is mapped in Appendix D. The
existing and obliterated/recontoured roads are also marked along with the plots. More in-
depth analyses of the soil geology are listed in the tables in Appendix E, which also

contain the thorough descriptions of the LSI types labeled on the map in Appendix D.
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VEGETATION AND WILDLIFE

There is approximately 4,500 acres of O’Brien Creek Watershed that are within
the winter range of 100-140 elk and a large number of deer (Henderson and Hillis 1998).
The pileated woodpecker, a management indicator species, and the flammulated owl, a
sensitive species, also occur in the area. These populations are at extreme risk due to a
combination of weed invasion and fire exclusion (USDA 2000). Montana Department of
Fish, Wildlife and Parks (MDFWP) and the Rocky Mountain Elk Foundation (RMEF)
have supported prescribed burning and road decommissioning activities as a means to
help these habitats (USDA 2000). Without weed control and prescribed burning some of
these populations are expected to substantially decline in the next decade (USDA 2000).

O’Brien Creek Watershed is also within Land Type Association (LTA) 7: open
grown bunchgrass and scattered forest. The fire regime indicates that the historic fire
interval has been estimated at 5-25 years (USDA 2000). Vegetation types range from a
drier Douglas-fir/Idaho fescue habitat type to a more mesic Douglas-fir/Ninebark habitat
type, pinegrass phase, with weeds posing the greatest problem on the open grasslands in
the Douglas-fir/Idaho fescue habitat type. Approximately 2,000 acres of the O’Brien
Creek Watershed are in a timber/shrub cover type, where weeds are abundant but do not
threaten forage productivity. The remaining acres of O’Brien Creek are in a
timber/bunchgrass cover type where weeds are dense and severely decreasing forage

productivity. The predominant weeds that occur at O’Brien Creek are the spotted
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knapweed and houndstongue, with pockets of Canada thistle, common tansy, and musk
thistle (USDA 2000).

The recontoured roads on the O’Brien Creek Watershed were all seeded and
fertilized immediately after recontouring. The current and future seed mixes are listed on
the first page of Appendix F. The current seed mix is not an all native seed mixture, thus

a new seed mix was created to incorporate only native seed species.

3.3. PrLoTLAYOUT

Separate field procedures were completed for site characterization purposes and
for sediment runoff analysis.

First, plots were chosen with certain variables established:

Table 3.1. Established variables

Slope Geologic Land
Category Formation Treatment
<45% Bonner Natural Slope (control)
>45% Mount Shields Recontoured Road (0 months)
Recontoured Road (12 months)
Existing Road
i Cutslope
iL Fillslope
1ii. Road Center
1v. Road Tread

Rainfall amount, intensity, duration, and EI were the same for all plots and, therefore, are

not variables.
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There were 14 different plot types, labeled Plots A-N. Plots A and D need more
detailed explanation due to their uniqueness. Plots A and D were road segment plots on
different soils, and were broken into 4 smaller sections (cutslope, fillslope, road center,
road tread) at five repetitions each, for a total of 20 road segment plots. Then combining
the variables into every combination: four natural slope plots labeled as controls, two
road plots broken into four sections, four recontoured roads (0 months), and four
recontoured roads (12 months), all with five replications each, yielded a total of 100 plots

(refer to Table 3.2 below).

Table 3.2. Plot Details

Geologic Slope Land Time
Plot Formation | Category Treatment (months) | Replications

A-cutslope Bonner n/a Existing road n/a 5
A-fillslope Bonner n/a Existing road n/a 5
A-road tread Bonner n/a Existing road n/a 5
A-road center Bonner n/a Existing road n/a 5
B Bonner <45% Recontoured road 0 5
C-(control) Bonner <45% Natural slope n/a 5
D-cutslope Mt. Shields n/a Existing road n/a 5
D-fillslope Mt. Shields n/a Existing road n/a 5
D-road tread Mt. Shields n/a Existing road n/a 5
D-road center Mt. Shields n/a Existing road n/a 5
E Mt. Shields <45% Recontoured road 0 5
F-(control) Mt. Shields <45% Natural slope n/a 5
G Bonner >45% Recontoured road 0 5
H-(control) Bonner >45% Natural slope n/a 5
I Bonner <45% Recontoured road 12 5
J-(control) Mt. Shields >45% Natural slope n/a 5

: K Mt. Shields >45% Recontoured road 0 5
L Mt. Shields <45% Recontoured road 12 5

M Bonner >45% Recontoured road 12 5

N Mt. Shields >45% Recontoured road 12 5
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The locations of these plots within the watershed are labeled in Appendices B and
D. A 100-foot uniform segment was measured for each site, using maps and walking out
the area for the locations based on expected variables for each site. A random number
generator (from 1-100) was used to establish the horizontal positioning (length) of the
plot; while a random number was chosen for the vertical positioning of the plot based on
the width of the recontoured or established area. Five replications were chosen for each
plot site. A 3-foot radius around the plot was allowed for repositioning of the repetition
in case of large obstacles (tree stumps, boulders, etc.).

The site characterization plots were run within the same 100-foot segment as the
repetition plots for the surface erosion analysis. One site characterization plot was run

for each plot for a total of 20 plots, one test per 100-foot segment.
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The locations of these plots within the watershed are labeled in Appendices B and
D. A 100-foot uniform segment was measured for each site, using maps and walking out
the area for the locations based on expected variables for each site. A random number
generator (from 1-100) was used to establish the horizontal positioning (length) of the
plot; while a random number was chosen for the vertical positioning of the plot based on
the width of the recontoured or established area. Five replications were chosen for each
plot site. A 3-foot radius around the plot was allowed for repositioning of the repetition
in case of large obstacles (tree stumps, boulders, etc.).

The site characterization plots were run within the same 100-foot segment as the
repetition plots for the surface erosion analysis. One site characterization plot was run

for each plot for a total of 20 plots, one test per 100-foot segment.
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contaminate the sand.

The moisture content and dry mass of the material removed from the test hole was
determined by AASHTO Designation: T 265-93 (AASHTO 1998). The samples were
then cooled in a desiccator before final weighing. The in-place moist density and dry
density of the material were determined by the methods described in this test procedure
T 265-93 (AASHTO 1998). The in-place soil density was measured for each site
characterization plot, for a total of 20 plots, one test per 100-foot segment length.

Soil sieving test methods for soil texture analysis were also completed for site
characterization purposes. Although the majority of the sieving was done in the
laboratory, the reduction of large samples of aggregate to the appropriate size for testing
was done in the field. Larger samples will tend to be more representative of the total area
(AASHTO: T 248-95). This reduction method was done to reduce the large sample
obtained in the field to a convenient size while assuring that the test sample was
representative of the large sample and thus the site. This procedure still allows for a
number of tests to be conducted to describe the material and measure its quality.

Proper randomizations of plots were established for each of the plot
characterization sites. A 3-foot by 3-foot plot, approximately 6-12 inches deep, was
established. A minimum of 200 pounds of soil aggregate was collected. The tota1
sample was sieved through a 3-inch sieve then a 2-inch sieve, and the rocks collected on
the sieves were counted and weighed. The 200-pound sample was placed on a canvas

blanket (due to uneven ground surfaces-AASHTO Designation: T 248-95 Method B-
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