CHAPTER ONE

Introduction

Author: T.J. Toy, K. G. Renard
Technical Resource: G. R. Foster

A variety of human activities disturb the land surface of the earth, and thereby alter
natural erosion rates. Federal and State legislation mandate erosion control and sediment
containment from lands subjected to many activities, including mining, construction, and
reclamation. Effective erosion control and sediment containment begin with the project-
planning process. At this time, pre-disturbance rates of soil loss and sediment discharge
can be assessed, together with the rates that are likely to occur during and following land
disturbance. Then, several erosion-control and sediment-containment strategies can be
evaluated in terms of effectiveness and cost. The results of these evaluations may be part of
a required permit application.

The Revised Universal Soil Loss Equation (RUSLE, Renard et al., 1997) is a
technology for estimating soil loss from most undisturbed lands experiencing
overland flow, from lands undergoing disturbance, and from newly or established
reclaimed lands. RUSLE also may be used as a part of the procedures to prepare
permit applications and to assess reclamation success in support of bond release.

Erosion Terminology

Several terms are used in association with the removal of soil from the land surface.
Although there is not complete agreement in the connotations attributed to these terms, the
following definitions are employed in this report. Erosion includes a group of processes by
which earth materials are entrained and transported across a given surface. Soil loss is that
material actually removed from the particular hillslope or hillslope segment. The soil loss
may be less than erosion due to on-site deposition in micro-topographic depressions on the
hillslope. The sediment yield from a surface is the sum of the soil losses minus deposition
in macro-topographic depressions, at the toe of the hillslope, along field boundaries, or in
terraces and channels sculpted into the hillslope.

RUSLE estimates soil loss from a hillslope caused by raindrop impact and overland

flow (collectively referred to as "interrill" erosion), plus rill erosion. It does not estimate
gully or stream-channel erosion.
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The RUSLE Model

RUSLE is a set of mathematical equations that estimate average annual soil loss and
sediment yield resulting from interrill and rill erosion. It is derived from the theory of
erosion processes, more than 10,000 plot-years of data from natural rainfall plots, and
numerous rainfall-simulation plots. RUSLE is an exceptionally well-validated and
documented equation. A strength of RUSLE is that it was developed by a group of
nationally-recognized scientists and soil conservationists who had considerable experience
with erosional processes. (Soil and Water Conservation Society, 1993).

RUSLE retains the structure of its predecessor, the Universal Soil Loss Equation
(USLE, Wischmeier and Smith, 1978), namely:

A=RKLSCP (1)

Where: A = Average annual soil loss in tons per acre per year
R = Rainfall/runoff erosivity
K = Soil erodibility
LS = Hillslope length and steepness
C = Cover-management
P = Support practice

The R factor is an expression of the erosivity of rainfall and runoff at a particular
location. The value of "R™ increases as the amount and intensity of rainfall increase. For
user convenience, these data are contained in the CITY database file provided within the
computer program. The basic program includes the files for numerous cities throughout the
United States, but many more site-specific files are available within each state from the
offices of the United States Department of Agriculture (USDA), Natural Resources
Conservation Service (NRCS); formerly the Soil Conservation Service, (SCS). Figure 1-1
shows a general flowchart of the RUSLE software.

The K factor is an expression of the inherent erodibility of the soil or surface
material at a particular site under standard experimental conditions. The value of "K" isa
function of the particle-size distribution, organic-matter content, structure, and permeability
of the soil or surface material. For undisturbed soils, values of "K" are often available from
soil surveys conducted by the NRCS. For disturbed soils, the nomograph equations
embedded within the RUSLE program are used to compute appropriate erodibility values.

The LS factor is an expression of the effect of topography, specifically hillslope
length and steepness, on rates of soil loss at a particular site. The value of "LS" increases
as hillslope length and steepness increase, under the assumption that runoff accumulates
and accelerates in the downslope direction. This assumption is usually valid for lands

experiencing overland flow but may not be valid for forest and other densely-vegetated
areas.
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Figure 1-1. A genera flowchart of the RUSLE software.
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The C factor is an expression of the effects of surface covers and roughness, soil
biomass, and soil-disturbing activities on rates of soil loss at a particular site. The value of
"C" decreases as surface cover and soil biomass increase, thus protecting the soil from
rainsplash and runoff. The "biological” inputs to RUSLE may not be familiar to all RUSLE
users; however, the necessary values usually can be obtained through consultation of the
literature and professional staff at local NRCS offices. The RUSLE program uses a sub-
factor method to compute the value of "C". The sub-factors that influence "C" change
through time, resulting in concomitant changes in soil protection. For user convenience, a
VEGETATION database file is contained within the computer program that characterizes
numerous plant types. In some cases, the plants used in reclamation may be included in
these files. In other cases, files may be customized to include the desired plants and plant
combinations. Likewise, the files include other types of surface treatments used as
temporary covers for erosion control.

RUSLE also contains an OPERATIONS database file that characterizes the effects
of various soil-disturbing activities on soil-loss rates. These operations alter the roughness,
infiltration, distribution of biomass, and runoff properties of the surface. The operations
usually are common tillage activities that may be used in the development of a seedbed at
reclaimed sites. The files include activities specific to erosion control and disturbed-land
reclamation. The effectiveness of cover-management sub-factors varies with local
conditions.

Therefore, the user is strongly encouraged to calculate C values through the RUSLE
equations rather than selecting values from generalized tables.

The P factor is an expression of the effects of supporting conservation practices,
such as contouring, buffer strips of close-growing vegetation, and terracing, on soil loss at a
particular site. The value of "P" decreases with the installation of these practices because
they reduce runoff volume and velocity and encourage the deposition of sediment on the
hillslope surface. The effectiveness of certain erosion-control practices varies substantially
due to local conditions. For example, contouring is far more effective in low-rainfall areas
than in high-rainfall areas.

Therefore, the user is strongly encouraged to calculate P values through the RUSLE
equations rather than selecting values from generalized tables.

As illustrated in Figure 1-1, the RUSLE factors are highly interactive within the
program. For example, the climate characteristics of a particular location are contained in
the CITY database files; portions of these files are used in the calculation of soil erodibility
(K), cover-management (C), and support practices (P) factors.
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Care must be exercised to insure that all data inputs are accurate because they may
affect several components of soil-loss estimation. It is often prudent to consult with
gualified earth and environmental scientists to affirm the accuracy of the data inputs.
Further, the soil-loss estimates produced by RUSLE rest upon the assumption that
factor inputs accurately reflect field conditions. Factor adjustments are required
whenever actual conditions depart from specifications.

The recommendations provided herein for the use of RUSLE on mining, construction,
and reclaimed land applications represent the best judgment of the Working Group.
It is the user s responsibility to determine whether or not RUSLE is applicable to a
particular field situation.

These guidelines provide direction for maximizing the accuracy of RUSLE soil-loss
estimates on mined lands, construction sites, and reclaimed lands.

RUSLE is a tool to estimate the rate of soil loss based on site-specific
environmental conditions and a guide for the selection and design of sediment and erosion-
control systems for the site. RUSLE does not determine when soil loss is excessive at a
site, or when erosion-control systems have failed. The RUSLE user makes such decisions
based upon numerous criteria, of which soil-loss and sediment-yield estimates are one
important component.

A Brief History of Erosion Research and RUSLE

RUSLE reflects the evolutionary development of erosion-prediction technology. For
nearly 100 years, erosion data have been collected, analyzed, presented, and discussed in
the professional arenas of agricultural and civil engineers, agronomists, soil scientists,
geologists, hydrologists, and geomorphologists.

The breadth and depth of these scientific investigations allow confidence in the
application of RUSLE for the estimation of soil loss from mined lands, construction
sites, and reclaimed lands.

The basic principles governing soil losses due to raindrop impact, overland flow,
and rill-erosion processes remain the same for all land uses where the soil or surface
material is exposed.

Most erosion research has occurred during the past 80 to 90 years, although the
German scientist Ewald Wollny, writing in 1888, is generally credited as a "pioneer in soil
and water conservation research.” The earliest erosion measurements in the United States
began in 1912 on over-grazed rangeland in central Utah. Sampson and Weyl, among others,
showed that over-grazing on two 10-acre plots in the Manti National Forest accelerated
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erosion rates, reducing the soil's water-retention capabilities and fertility levels (Sampson
and Weyl, 1918; Chapline, 1929; Stewart and Forsling, 1931). Such early rangeland
research was not continued and most of the rangeland-erosion technology in use today has
evolved from cropland research with limited validation for range-specific conditions
(Renard, 1985; Meyer and Moldenhauer, 1985).

The concept of erosion-plot research used today generally is credited to Miller and
associates at the Missouri Agricultural Experiment Station (Duley and Miller, 1923; Miller,
1926; Miller and Krusekopf, 1932). Most of the erosion plots installed for early erosion
research were the now-familiar 72.6 foot long by either 6.0 or 12.0 foot wide plots (0.01 or
0.02 acres). The length dimension was chosen to ease the computation of runoff and
erosion on a unit-area basis.

H. H. Bennett had substantial influence on the development of soil conservation in
the United States (including soil-erosion research), and is widely recognized as the "father
of soil conservation”. His early efforts influenced the United States Congress to enact
legislation in 1929 establishing a system of Federal erosion experiment stations that
produced much of the initial erosion data in the United States. The original ten experiment
stations, plus other locations added during the 1940s and 1950s through Federal and State
partnerships, generated soil-loss data from a wide range of environmental conditions.
Bennett served as the first chief of the Soil Conservation Service. The agency achieved
considerable stature because of his speaking eloquence, prolific writing, and the quality of
the scientists engaged in the research projects during his tenure. The pre-World War Il
years were the "golden years for soil-conservation research™ (Nelson, 1958). However,
rangelands, forests, mined lands, and construction sites were conspicuously absent from
the early erosion research.

The collection of sufficient soil-loss data from natural rainfall events on erosion
plots to permit confidence in the results of statistical analyses proved to be a long-term,
expensive, and inefficient undertaking. A significant development in erosion research was
the use of rainfall simulation for applying water to plots in a manner intended to emulate
aspects of natural rainfall. Rainfall simulation is an important tool for erosion, infiltration,
and runoff studies used to rapidly generate large volumes of data under a wide variety of
controlled environmental conditions. Neff (1979) discussed several advantages and
disadvantages of rainfall simulation.

In some cases, rainfall simulators have been used on short plots (about 3 feet or 1
meter in length) to study erosion processes. The results of such experiments measure only
the effects of raindrop impact and not the combined effects of raindrop impact, overland
flow, and rilling as estimated by RUSLE. Consequently, these data should not be used as
factor-inputs to RUSLE equations. For example, it sometimes has been assumed that
RUSLE soil erodibilities (K factor) are proportional to soil erodibilities measured on short
plots. However, research has demonstrated conclusively that this assumption is seriously
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flawed; the values are not proportional (Truman and Bradford, 1995; Bradford and Huang,
1993; Meyer and Harmon, 1992).

Erosion on mined lands, construction sites, and reclaimed lands has been an
important research focus for the past twenty-five years (at least five years prior to the
enactment of the Surface Mining Control and Reclamation Act (SMCRA) of 1977). Table
1-1 contains a sample of the noteworthy contributions. Discussion of this literature can be
found in Toy and Hadley (1987).

Development of RUSLE

Cook's (1939) noteworthy work defined the major variables governing erosion
processes and set the general structure for subsequent erosion-prediction equations. Most
of the early equations resulted from regional analyses of plot data from experiment stations
collected during the pre-World War Il era. Because each location has site-specific soils and
climate conditions, the early equations were restricted in their area of development.

Table 1-1. Sample of Literature Pertaining to the Erosion of Disturbed Lands

Reference Topic
Mining Curtis and Superfesky, 1977 | Erosion of mine spoils
Gilley et al., 1977 Runoff and erosion from

surface-mined sites

Lang et al., 1983 Interrill erosion and
mine-soil erodibility

Mitchell et al., 1983 Erodibility of reclaimed
surface mined soils

Khanbilvardi et al., 1983 Erosion and deposition on mined and
reclaimed areas

Barfield et al., 1983 Applied hydrology for disturbed lands

Toy, 1989 Reclamation assessment based on
erosion rates

Construction Diseker and McGinnis, 1967 | Erosion from roadbanks

Swanson et al., 1967 Protecting construction slopes from
erosion
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Meyer et al., 1971 Erosion and runoff from construction

sites

Wischmeier et al., 1971 Soil erodibility on farm and
construction sites

Meyer et al., 1972 Mulches for construction site erosion
control

Wischmeier and Meyer, Soil erodibility on construction areas

1973

Israelsen et al., 1980 Erosion control during

highway construction

At a 1946 workshop of SCS employees in Cincinnati, Ohio, the "slope-practice
equation” devised by Zingg (1940) for farm planning in the Cornbelt States was expanded
by adding a rainfall factor that facilitated the extension of the evolving technology to more
diverse geographic conditions. The resulting "Musgrave Equation” (Musgrave, 1947) was
widely used for estimating gross erosion from large, heterogeneous watersheds, and for
flood abatement programs, whereas regional equations continued to be used to estimate soil
loss from croplands.

Smith and Whitt (1948) presented a "rational” erosion-estimation equation for most
soils encountered in Missouri that was very similar in structure to the USLE. During the
early 1950s came the realization that the regional equations were inadequate and a standard
methodology for soil-loss estimation was desirable. Thus, the National Runoff and Soil-
Loss Data Center was established by the USDA, Agricultural Research Service (ARS), at
Purdue University in 1954 under the direction of W. H. Wischmeier to assemble a
comprehensive soil-loss data-base. These data were used in the development of the original
USLE (Wischmeier and Smith, 1965, 1978). This is how Wischmeier (1972) explained the
choice of the term "universal™:

"The name 'universal soil loss equation’ is a means of distinguishing this
prediction model from the highly regionalized models that preceded it.
None of its factors utilizes a reference point that has direct geographic
orientation. In the sense of the intended functions of the equation’s six
factors, the model should have universal validity. However, its application
is limited to States and countries where information is available for local
evaluation of the equation's individual factors."

In the early 1980s, the United States Department of Agriculture (USDA) used the

USLE and field-collected data from more than a million sample points to estimate soil loss
from all non-Federal lands throughout the United States. Based upon this analysis, a new
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policy was developed by the United States Congress that, in effect, required farmers to
participate in there-to-fore voluntary soil conservation programs if they also were to
participate in certain other government support programs (e.g. U. S. Congress, 1985). The
SCS realized that improved erosion-prediction technology would be needed to implement
this policy and requested an overhaul of the USLE.

RUSLE resulted from a 1985 workshop of government agency and university soil-
erosion scientists. The workshop participants concluded that the USLE should be updated
to incorporate the considerable amount of erosion information that had accumulated since
the publication of Agriculture Handbook 537 (hereafter AH-537; Wischmeier and Smith,
1978) and to specifically address the application of the USLE to land uses other than
agriculture. This effort resulted in the computerized technology of RUSLE as fully
described in Agriculture Handbook 703 (hereafter AH-703, Renard et al., 1997).

The RUSLE Improvements

The development of RUSLE included several USLE modifications of importance
to mined lands, construction sites, and reclaimed land applications. The climate data set in
the CITY files was greatly expanded to include weather bureau stations at many more
locations. The K factor was modified to account for the variability of soil erodibility during
the year. Both the K and C factors now take into account the multivariate influence of rock-
fragment covers within soil profiles and fragments resting upon hillslope surfaces. The
equations used to estimate the LS factor were reconstituted to improve their accuracy and
extended to include steeper hillslope gradients than the equations contained in the USLE.
The method of determining C factor values was modified using a sub-factor approach that
incorporates input values describing the main features of a cover-management system as it
influences soil-loss rates. Consequently, RUSLE now can be applied to many more field
conditions, and provides much more site-specific C values than does the USLE. New
process-based equations were developed to estimate P values, overcoming a major
limitation of the USLE. These equations accommodate a wide range of site-specific
practice conditions and can estimate sediment yield for concave hillslopes.

Collectively, every factor included in the USLE and its supporting data was re-
examined in the development of RUSLE. The new information compiled since 1978
was analyzed in the development of RUSLE. Inevery way, RUSLE is an improved
erosion-estimation technology. Although perhaps convenient, the USLE no longer
should be used for soil-loss estimation, as RUSLE estimates better reflect the actual
field conditions.

1-9



Application of RUSLE to Mined Lands, Construction Sites, and Reclaimed Lands

Although originally developed for croplands, the USLE was used to estimate soil
losses from lands disturbed by various other human activities, (i.e. disturbed forest sites,
rangelands, military training sites, sanitary land fills, hazardous-waste disposal sites,
surface-mined lands, and construction sites). Shown et al. (1981, 1982) stated that the
equation appeared to be the best available method for evaluating soil loss from hillslopes in
mined and reclaimed areas based upon studies in the disparate environments of Alabama
and New Mexico. Recent refinements enhance the utility of RUSLE for soil-loss
estimation from mined lands, construction sites, and reclaimed lands. For example,
Peabody Western Coal Company uses RUSLE in the design of the surface-stabilization
plans at its coal-mine properties in Arizona. Computer programs that used the USLE to
assist in the selection of erosion-control products for hillslopes at construction sites are in
the process of converting to RUSLE.

RUSLE typically is used to estimate the severity of soil loss and sediment yield
from disturbed-land surfaces and to select appropriate on-site erosion-control strategies.
These strategies are designed to protect soil resources so that their quality and quantity are
maintained over the long-term, to provide short-term erosion control while the long-term
erosion-control measures become established, and to minimize off-site sediment discharges
into streams and reservoirs. RUSLE may be used as a part of the procedures to assess long-
term reclamation success.

RUSLE is a very powerful tool that can be used to estimate soil loss under a wide
variety of site-specific conditions. All models or equations developed to estimate the rates
of geomorphic processes, including RUSLE, possess limitations. It is important to respect
these limitations. Wischmeier (1976) discussed the limitations of the USLE; these
generally apply to RUSLE as well: (1) RUSLE provides soil-loss estimates rather than
absolute soil-loss data, (2) the soil-loss estimates are long-term average rates rather than
precipitation-event-specific estimates, (3) there are hillslope-length and gradient limits for
which the component RUSLE equations have been verified, (4) RUSLE does not produce
watershed-scale sediment yields and it is inappropriate to input average watershed values
for the computation of the RUSLE factors, and (5) utilization of RUSLE in geographic
areas beyond its verification does not necessarily constitute a misuse, but caution is
certainly warranted. Further discussion of the proper application of RUSLE is provided in
the subsequent chapters of these guidelines.

There remains the opportunity to misuse RUSLE, especially by those without a
thorough understanding of erosion processes and the RUSLE program. Many "help"
screens are included within the RUSLE program that should be routinely consulted (by
using the F-1 key).
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It is the user’s responsibility to ensure that RUSLE is applied to appropriate soil-loss
problems, that inputs for the calculation of factor values accurately represent site
conditions, and that interpretations of the soil-loss estimates consider the
uncertainties associated with any estimating procedure. Therefore, users are expected
to be familiar with AH-703 (Renard et al., 1997) that provides the scientific and
technical background of RUSLE, the RUSLE User's Manual (Soil and Water
Conservation Society 1993), and these guidelines specific to RUSLE application on
mined lands, construction sites, and reclaimed lands.

Purposes of these Guidelines

These guidelines are based upon the premise that RUSLE will be used for
estimating soil loss from mined lands, construction sites, and reclaimed lands during future
years, just as the USLE was used in the past. It is the intention of these guidelines to: (1)
provide guidance for maximizing the accuracy of soil-loss estimates from mined lands,
construction sites, and reclaimed lands when using RUSLE, (2) recommend procedures so
that soil-loss estimates are generally reproducible, and (3) identify critical areas for future
research. The recommended field and laboratory procedures for the acquisition of RUSLE-
input data from mined lands, construction sites, and reclaimed lands are intended to
supplement the directives contained in AH-703 (Renard et al. 1997).

Structure of the Guidelines

These guidelines are divided into two parts. The first part is a discussion of each
RUSLE factor in relation to mined lands, construction sites, and reclaimed lands. The
concepts underlying each factor, the specific issues pertaining to lands disturbed by the
aforementioned activities, the recommended field and laboratory methods, as well as other
relevant information, is presented. The intent is to provide a background for the prudent
use of RUSLE.

The second part is a discussion of RUSLE applications for soil-loss estimates on
mined lands, construction sites, and reclaimed lands. Research design, organization of data
inputs, interpretation and use of soil-loss estimates for erosion-control planning, and
limitations of the RUSLE technology are presented by means of examples. The intent is to
demonstrate the proper procedures for maximizing the accuracy and reproducibility of
RUSLE soil-loss estimates, thereby minimizing the misuse of RUSLE.

Methods of Investigation
A working group was assembled by The Office of Technology Transfer (OTT),
Western Regional Coordinating Center (WRCC), Office of Surface Mining (OSM), U.S.

Department of Interior (DOI), to examine the appropriate utilization of the RUSLE
technology for the estimation of soil-losses from mined land, construction sites, and
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reclaimed lands. The members of the working group were chosen by the OTT to include
persons experienced in: (1) the development and use of RUSLE, (2) the site conditions
and erosion processes resulting from mining, construction, and reclamation activities, (3)
research pertaining to, and measurement of, these processes, and (4) the regulation of
these activities. Each representative in the working group was encouraged to communicate
extensively with colleagues and associates to gain broad insights into the germane issues,
and to identify available information sources.

The fundamental question asked was whether or not the site conditions resulting
from mining, construction, and reclamation activities can be accommodated within the
RUSLE technology. Accordingly, each RUSLE factor was examined carefully in relation
to the surface characteristics produced by these activities. For example, the processes by
which precipitation produces rainsplash, runoff, and erosion from agricultural, mining,
construction, and reclamation activities were compared. The validity of the nomograph
approach for estimating the K values of topsoils that have been salvaged, stockpiled,
redistributed, and developed into a seedbed was assessed. The use of the nomograph for
estimating the K values of very coarse-textured "mine-soil," "growth-medium,” or "soil-
substitutes™ was considered. The validity of the tables for estimating the LS factor of long
and steep hillslopes, as sometimes proposed for site reclamation, was evaluated. The
validity of the sub-factor approach for estimating C values was appraised. Appropriate C
values for native-plant species and various mulches of natural and artificial materials were
considered. The effects of management and support practices used on agricultural, mined,
construction, and reclaimed lands were compared.

A determined effort was made to characterize the special site conditions resulting
from mining, construction, and reclamation activities, and to critically examine the
extent to which these conditions are accommodated within the RUSLE technology.

The forthcoming conclusions and recommendations were developed fol lowing a
review of the available research reports, the re-assessment of the available data, and
extensive discussions of the RUSLE technology, from both general and factor-specific
perspectives, based upon the experiences of the working group members. Resources did
not permit validation or calibration of the RUSLE model on mined lands, construction
sites, and reclaimed lands. However, we are confident that the guidelines offered herein
support the best use of the RUSLE technology as it presently exists. Future research will
further enhance the utilization of RUSLE on mined lands, construction sites, and reclaimed
lands.
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