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Systematic, well-designed research provides the most ef-
fective approach to the solution of many problems facing 
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problems are of local interest and can best be studied by 
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their state universities and others. However, the accelerat-
ing growth of highway transportation develops increasingly 
complex problems of wide interest to highway authorities. 
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of the Federal Highway Administration, United States 
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portation departments and by committees of AASHTO. 
Each year, specific areas of research needs to be included 
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by the American Association of State Highway and Trans-
portation Officials. Research projects to fulfill these needs 
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ministration and surveillance of research contracts are 
responsibilities of the Academy and its Transportation 
Research Board. 
The needs for highway research are many, and the National 
Cooperative Highway Research Program can make signifi-
cant contributions to the solution of highway transportation 
problems of mutual concern to many responsible groups. 
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than to substitute for or duplicate other highway research 
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This report, NCHRP Report 221, and a companion report, NCHRP Report 

FOREWORD 220, "Erosion Control During Highway Construction—Research Report," will be 
of special interest and value to people responsible for the control of soil erosion dur- 

	

By Staff 	ing the construction of highway and other types of facilities. This report describes 

	

Transportation 	many measures for control of both water and wind erosion and intorniatioii Lhu t will 

	

Research Board 	aid in the selection of measures to meet specific site requirements. The procedures 
for estimating erosion potential and effectiveness of erosion control measures are 
suitable for immediate implementation. The manual contains appropriate tables, 
charts, and maps to facilitate use of the procedures.. The companion report describes 
the adaptation of the universal soil loss equation, originally developed by the Agri-
cultural Research Service of the U.S. Department of Agriculture, for estimating. the 
water erosion potential and the effectiveness of erosion control measures on high-
way construction, sites. An equation for estimating wind soil loss, potentials is also, 
included. 

Uncontrolled water and wind erosion resulting from construction activities 
causes significant damage to the environment. The 'sediment that is produced pol-
lutes surface water, restricts drainage, fills reservoirs, 'damages adjacent land, and 
upsets the natural ecology of lakes and streams. Besides harming the environment, 
soil erosion during construction increases costs and causes extensive delays and 
repair. NCHRP Synthesis of Highway Practice 18, "Erosion Control on Highway 
Construction," documented the need to develop more effective techniques, devices, 
and materials to control erosion during construction activities and uncovered, as 
well, the, existence of much information on known erosion control measures likely 
to have application in highway construction. The objective of Project 16-3 was the 
preparation of a manual' of recommended procedures for control of erosion during 
highway construction based on. existing information. 

To accomplish this objective the Utah State University researchers accumu-
lated and evaluated a large volume of information on the subject by a literature 
review, circulation of a questionnaire, on-site visits to construction projects, and 
interviews. A modified version of the universal soil loss equation developed by the 
Agricultural Research Service was selected for use in estimating potential soil loss 
from a specific site. by water erosion. An experimental program was conducted to 
verify the applicability of the equation to highway construction sites. An equation 
developed by Chepil and associates was selected for estimating wind erosion. The 
major product of the research is a manual that focuses on techniques for predicting 
erosion potential on highway construction sites and for 'estimating the effectiveness 
of various erosion control measures. 	' 

The research has resulted in the publication of two documents: NCHRP 
Report 220, "Erosion Control During Highway Construction—Research Report," 
and NCHRP Report 221, "Erosion Control During Highway Construction—Man-
ual' on Principles and Practices." This document (NCHRP Report 221) contains 



detailed procedures for estimating water and wind soil loss from specific sites under 
various conditions. Maps, tables, and charts are included to provide generalized 
input data for the contiguous United States, Hawaii, and Puerto Rico (Addition-
ally, R-value maps of the individual states are available from Utah Water Research 
Laboratory, Logan, Utah 84322 if completed for a particular state; if not completed, 
arrangements can be made for their preparation.) The companion document de-
scribes the research that was conducted as background for preparation of the man-
ual, including adaptation of the universal soil loss equation for highway construc-
toin sites, experimental verification of the equation, and results of a limited erosion 
control product evaluation study. 
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SUMMARY 

Highway construction as we know it today is a 
high-risk activity with respect to engendering soil 
erosion. In earlier days of road building, when 
rights-of-way were generally narrow and excavations 
mostly shallow, erosion was rarely a serious problem. 
Only occasionally was it considered necessary to 
design and apply specific measures for erosion con-
trol. With the advent of the superhighway involving 
far greater widths of right-of-way, and much deeper 
disturbance of the natural ground to afford the 
horizontal and vertical highway geometry necessary 
for high-speed travel, came a several fold increase in 
erosion potential and a direct need fOr specific 
action aimed at its control. Highway engineers have 
reacted by revising construction specifications to 
include many protective measures. Increasing public 
awareness of the desirability of protecting the 
environment has been a source of both support and 
pressure in the application of erosion control in 
highway construction. 

Although improvement has been significant, 
unwanted soil erosion and accompanying sedimentation 
resulting from highway construction activity continue 
to be problems. A lack of knowledge within the highway 
industry of improved erosion control measures develop-
ed outside the industry, perhaps some resistance to 
change because of a lack of familiarity with erosion 
control measures, and in some instances a need for 
information not now available anywhere, are probably 
the major contributors to continuation of the problem. 

The present projects were directed at improving 
erosion control practice in highway construction by 
providing assistance in all three of the foregoing 
areas contributory to the problem. The principal 
output of the study is a MANUAL of erosion control 
principles and practices for use during highway design 
and construction. The MANUAL focuses on techniques 
for predicting the erosion potential of highway 
construction sites, and for estimating the effective-
ness -of various erosion control measures. A wide 
variety of control measures is listed and described, 
and information that will aid in selecting measures to 
meet specific site requirements is presented. Design 
standards for control measures, and information on 
such matters as size selection for mechanical control 
measures, are not included in the MANUAL because 
these are already widely available in highway engi-
neering offices. 

To develop the erosion control MANUAL on which 
the project effort was centered, means had to be 
established for estimating the water and wind soil 
erosion potentials on highway construction sites and 
the effectiveness of various measures that might be 
considered for controlling the erosion. The universal 
soil loss equation (1, 52, 57), developed by the 
Agricultural Research Service, was modified and 
extended to serve as a basis for estimating water soil  

loss potentials. An equation developed by Chepil and 
associates (24, 39, 58) was adapted for estimating 
wind soil loss potentials. Appropriate maps, graphs, 
and tables that provide information necessary for the 
solution of the equations for the United States 
and Puerto Rico were prepared and included in the 
MANUAL. Nomographs were constructed and included in 
the MANUAL for solving the equations, and the process 
illustrated by detailed examples. 

Questionnaire returns from 177 sources and visits 
to construction projects in 32 states produced the 
following impressions that are in the nature of 
findings: 

Technology is available in the United States 
to control within reasonable limits the 
erosion and sedimentation that may originate 
on highway locations both during and follow-
ing construction. 
Erosion control specifications currently be-
ing prepared for specific highway construc-
tion projects are adequate in many instances 
to maintain erosion within reasonable limits 
if properly enforced and followed. 
More effective means of ensuring compliance 
with erosion control specifications during 
construction are needed. 
Overall construction costs may be lower 
if erosion control measures are implemented 
on a project than if they are omitted. 
Erosion amounts can be significant even 
in areas where the average annual rainfall 
is comparatively low. 
Numerous small erosion control measures 
implemented at the proper times and loca-
tions may be more effective and less expen-
sive than a few large or poorly timed ones. 
Written erosion control specifications 
are effective only if they are enforced 
and followed by design, administrative, 
and construction personnel. 
Training courses for administrative, design, 
and construction personnel are needed both 
to create an awareness of the importance 
of controlling erosion and of the advantages 
that accrue from doing so, and to provide 
information on control measures and tech-
niques that are available. 
The universal soil loss equation (1, 52, 
57) developed by the Agricultural Research 
Service is probably the best tool presently 
available for predicting soil loss caused by 
rill and sheet erosion during highway 
construction and for estimating the relative 
effectiveness of various control measures. 
A soil loss equation developed by Chepil 
and associates (24, 39, 58) appears to have 
application to highway construction sites 
for estimating potential soil losses due to 
wind. 



CHAPTER 1 

INTRODUCTION AND BACKGROUND 

JUSTIFICATION, STUDY METHODS,AND OBJECTIVES 

Significant damage to the environment is brought 
about by uncontrolled water and wind erosion resulting 
from construction activities. The sediment that is 
produced pollutes lakes and reservoirs, restricts 
drainage, pollutes surface waters, damages adjacent 
property, and upsets the natural ecology of streams. 
Oftentimes construction costs are increased and delays 
and repairs result as a consequence of erosion. 
Thus, if even part of the potential damage due to 
erosion can be avoided by gathering, evaluating, and 
disseminating facts and information related to the 
prevention and control of erosion and sedimentation 
caused by highway construction, the cost of developing 
this MANUAL is well justified. 

The intent of these studies was to assemble, 
evaluate, and place in usable form existing informa-
tion from all known sources that may be used in 
controlling erosion and sedimentation resulting from 
highway construction activities. Quantitative data on 
erosion from highway construction sites are practical-
ly nonexistent because most erosion related studies in 
the past have been performed on agricultural, range, 
and forest lands. Consequently, much of the informa-
tion presented herein is based on data from those 
sources and modified to apply to construction sites. 
In addition, some new data were to be generated under 
controlled conditions in the laboratory using a 
rainfall simulator to determine the validity of the 
Wischmeier equation on steep slopes. 

Soil loss equations for both wind and water 
erosion developed previously for agriculture have been 
adapted for use in highway construction throughout the 
entire United States and Puerto Rico. Maps, graphs, 
tables, equations, and nomographic charts have been 
provided to assist the user in predicting amounts of 
erosion and planning for its control. 

The objectives of this MANUAL are to 1) present a 
method of determining the erosion potential of any 
particular highway construction site, 2) present a 
method of assessing the effectiveness of measures that 
are currently being used within the United States and 
Puerto Rico for controlling erosion from highway 
construction sites, 3) demonstrate how these control 
measures can be_effectively incorporated into an 
erosion control system, 4) list and illustrate erosion 
control measures being used throughout the country, 
and 5) show the results of tests made of Wischmeier 
equation on steep slopes. 

DEVELOPMENT OF INTEREST IN CONTROLLING EROSION 
oN HIGHWAYS 

The federal government and some states have been 
concerned for several decades about soil erosion 
caused by highway construction and its deleterious 
effects on the stability of the highway as well as on 
off-site values. Most states, however, have been 
concerned about soil erosion from highways for a 
somewhat shorter period of time. The current interest 
and activity in erosion control during highway con-
struction vary greatly from state to state and seem-
ingly depend to a great extent on the customs and  

values accepted by the people. If the streams have 
always run clear, they wish to keep them clear. If 
the streams have always carried a sediment idad, they 
may be less concerned about a little more sediment 
as a result of highway erosion. These philosophies 
are reflected in present-day regulations and restric-
tions of the various states regarding requirements for 
controlling erosion from construction sites, including 
highways. A few states have passed much more restric-
tive legislation governing the control of soil ero-
sion, even to the extent of making it illegal to 
permit soil eroded as a result of construction to 
enter a stream. 	In most states, however, legal 
requirements for erosion control are not very restric-
tive. In some, they are not even regulatory. The 
increasing pressures that are being experienced to 
clean up the environment can be expected to foster a 
general movement toward stronger regulations governing 
the control of soil erosion from all sources including 
highways. 

CONSIDERATIONS FOR ASSESSING THE 
DEGREE OF CONTROL NEEDED 

Even though methods and measures for the control 
of erosion for an area might be well understood, they 
will not be applied unless a need for control is 
apparent, the decision is made to act, and a rational 
plan is carried out. This MANUAL does not presume to 
usurp or replace the established decision-making 
powers over erosion control. These powers lie with 
the relevant federal, state, and local agencies as 
defined by laws, regulations, procedures, and customs. 
Every erosion control problem should be resolved 
separately on its own merits. Considerations for 
assessing the degree of control needed should include 
the following: the relative value of the tangible and 
intangible resources to be protected (these resources 
include land, physical structures, water supplies, 
recreational facilities, fish and wildlife, transpor-
tation facilities, human life and aesthetic values); 
cost of supplying protection; intensity, return 
frequency, and timing of climatic events; importance 
of off-site water; topography and soil type; type and 
amount of vegetative ground cover; and the legal 
restrictions and regulations pertaining to the area. 

Whenever choices must be made by the people of an 
area, their value system, preferences, traditions, and 
customs all have theil effects on the decisions. 
Thus, one group might go to great lengths to protect 
and preserve a resource that would" get little at ten-
tion in another area. The considerations and criteria 
for erosion control should be viewed by those whd make 
decisions in light of their own perceptions of what is 
valuable, what is right, and what is acceptable to the 
people. This recognition of differences in values and 
customs should not be used, however, as an excuse for 
inaction or complacency. Resources may need to be 
protected against the few who through ignorance or 
self-interest might seek to exploit them. This MANUAL 
can provide assistance to the decision-makers in 
helping them to determine the degree of control needed 
and to develop plans for implementing these controls. 



EROSION CONTROL PLANNING 

To be effective throughout the life of the 
project, erosion control measures should be carefully 
considered during the planning and design phases as 
well as during construction and operation of the 
highway. This procedure will enable many potential 
problems to be averted or ameliorated that might 
otherwise arise either during or following the con-
struction period. Many temporary measures that are 
effective in controlling erosion during construction 
may serve permanently during the operational period 
if they are kept properly cleaned or otherwise main- 
tained. 	The following steps should be included in 
every erosion control plan. 

During the planning stage within the proposed 
corridor of the highway, gather information about 
erosion-sensitive zones and adjacent areas wherein 
sediment, even in small amounts, might become a 
problem. These would include such places as streams, 
ponds, lakes, inhabited areas, and other high-value 
concerns. 

Identify the locations which may produce 
acute erosion problems such as steep and deep cuts and 
fills, sandy zones, windy areas, springs, high water 
tables, erodible soils, and natural drainages. 

Consider 1 and 2 in selecting the optimum 
location for the highway within the corridor. 

When the route within the corridor is fixed, 
determine the values of the parameters in the water 
soil loss equation, A = RKLSVM, for each segment 
of highway delineated on the basis of similarity of 
erosion characteristics and determine the water 
erosion potential for each. The required data may be 
obtained from appropriate maps, charts, tables, 
soil samples, and job specifications for each segment. 
Individual segments would normally extend from one 
drain to the next. 

Repeat 4, in areas where appropriate, using 
the wind soil loss equation, V = I'C'K'V'L'. 

-6. For each segment of highway having an erosion 
potential in excess of that deemed appropriate for its 
location, designate erosion control measures for 
reducing the anticipated soil loss to acceptable 
levels. 	Step-by-step procedures for accomplishing 
this are presented in the MANUAL. 

7. Include sufficient information regarding the 
erosion control plan in the design drawings so that 
there will be no misunderstanding by construction 
personnel as to what is required. 	Supplemental 
instructions and explanations may be necessary. 

- 	8. Provide adequate means of enforcing the 
frequent review and implementation of the erosion 
control specifications. 	An effective means of en- 
couraging compliance is to foster proper attitudes 
among contractors by including erosion control mea-
sures as bid items in the contract, and by providing 
appropriate training sessions for selected construc-
tion personnel. 

9. Leave those measures in place that can 
continue to assist in controlling erosion after the 
construction phase is completed, provided there is no 
safety hazard created thereby. Adequate provisions 
should be made in the maintenance schedule and budget 
for cleaning and otherwise maintaining these measures. 

The following chapters explain the  use of the 
water and wind soil loss equations for calculating 
erosion potentials of construction sites, and for 
evaluating the effectiveness of various erosion 
control measures. The outlined procedures permit one 
to determine the amount of control needed to decrease 
soil loss from an area to any predetermined level. 

Note: Erosion losses from wind and from water do 
not normally occur at the same time, but when calcu-
lated over time, which includes both the wet and 
dry seasons, the results may be additive. 



CHAPTER 2 

SOIL EROSION CAUSED BY WATER 

INTRODUCTION 

The universal soil loss equation (USLE) was 
developed by .Wischmeier and associates (1, 31, 35, 41, 
42, 49, 52, 53) for agricultural lands east of the 
Rocky Mountains. A modified equation, based on the 
USLE is used in this MANUAL for predicting soil loss 
due to water erosion on highway construction sites, 
and for determining the effectiveness of various 
erosion control measures. Each of the parameters in 
the equation affects the amount of erosion that will 
occur on any given site, and its value and use most be 
understood by each decision-maker to enable him to 
effectively control erosion. The modified universal 
soil loss equation used in this MANUAL is: 

A = RKLSVM .......... (2-1) 

in which 
A 

	

	computed amount of soil loss per unit 
area for the time interval represented 
by factor R, generally expressed 
as tons per acre per year 

R 	= 	rainfall factor 
IC 	= 	soil erodibil.ity factor in tons per 

acre per year per unit of R 
LS = 

	

	topographic factor (length and steep- 
ness of slope) (dimensionless) 

VM 

	

	= - erosion control factor (vegetative and 
mechanical measures) (dimensionless) 

Additional information is presented in the 
appendices for utilizing these various factors in the 
determination of erosion amounts. Appendix B contains 
anomograph for solving the water soil loss equation 
together with several examples of its use for solving 
practical field problems. Appendix C provides detailed 
examples of water erosion calculations and gives com-
putational procedures for determining the topographic 
factor LS for single and multiple slopes and the 
erosion control-  factor VM. 	Appendix E explains the 
procedure for determining R from rainfall records, and 
Appendix F presents the results of studies to extend 
the use of the universal soil loss equation to steep 
slopes. 

RAINFALL FACTOR R 

The rainfall factor is the number of erosion 
index units in a normal year's rain. The erosion 
index is a measure of the erosive force of specific 
rainfall, and is defined for a single storm as: 

R = ...
(2-2)  

in which 

total kinetic energy of a given 
storm 

the maximum 30-mm. rainfall intensity. 

The rainfall factor, R, is computed from rainfall 
records of individual storms and summed over a given 
time interval to obtain the cumulative R value to be  

used in the soil-loss equation. R is derived from 
probability statistics and thus should not be con-
sidered as a precise estimator of soil loss. Its 
value lies in its use as a predictive tool and risk 
evaluator. Construction activities in areas with high 
values of "R" will require greater attention to 
erosion control practices than similar construction in 
areas of low "R" values. 

The R factor maps prepared by Wischmeier and 
Smith (52) cover most areas east of 1040  west longi-
tude but nothing in the western United States, 
Alaska, or the Islands. The present project extended 
these maps to include the other areas mentioned. 
In 1978 Wischmeier and Smith extended the R factor 
maps westward to the Pacific (56). 	 - 

A publication of the Soil Conservation Service, 
SCS (44), shows a curve for the western part of the 
United States for the relation of 2-year, 6-hour 
rainfall depth to El values with a correlation (r2  = 
coefficient of determination) of approximately 90 
percent. This regression in combination with the 
2-year, 6-hour rainfall maps given in Weather Bureau 
Technical Paper No. 40 and NOAA Atlas No. 2 was used 
to construct the national R factor maps of Figures 5-1 
and 5-2 in the map pocket at the back of the MANUAL. 

Similar maps of Alaska, Hawaii, and Puerto Rico 
were derived from information given in Weather Bureau 
Technical Papers 42, 43, and 47. These maps are shown 
in Figures 5-2 and 5-3. 

Wischmeier and Smith (52) state that the rainfall 
factor R does not completely describe locational 
differences caused by rainfall patterns and they 
proposed the seasonal distribution parameter, which 
is a sigmoidal curve, as a percentage of the annual R 
value. - They developed a zonal map of these curves for 
part of the United States. Using available rainfall 
data, the present project has extended this map and 
curves to include the rest of the country. The 
resultant extensions are given in Figures 5-4, 5-5, 
and 5-6, located in the map pocket. 

The data for recurrence interval variations in EL 
values given by Wischmeier and Smith (52) were uti-
lized to develop the recurrence diagram given in 
Figure 2-1 which shows the relationship between the 
annual EL value which has a return period of 2 years 
and that for other return periods. A strong correla-
tion exists between R (the mean annual value) and 
El (50-year recurrence) with a coefficient of deter-
mination, r2, equal to 0.96 with similar reduction 
for other recurrences. It is, therefore, believed 
that any recurrence desired may be derived with 
adequate precision through the use of this figure. 

R values for periods of less than one year can be 
determined from the appropriate distribution curves, 
Figures 5-4, 5-5, and 5-6. 

To illustrate the use of the iso-erodent (R-
factor) maps consider the following example of a 
construction site in the northwestern corner of 
Missouri. 	From the iso-erodent map which includes 

Missouri (Figure 5-1), it is determined that R = 165. 
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Figure 2-1. The relationship between the EI/R ratio and recurrence interval. 

Table 2-1. Annual distributjona of erosion index 	El 
in northwest Missouri. 

Percent R-factor 

Months 
Per Month 	Qjmülative Per Month Cumulative 

January 1 1 1.65 1.65 
February 1 2 1.65 3.30 
March 1 3 1.65 4.95 
April 4 7 6.60 11.55 
May 12 19 19.80 31.35 
June 28 47 46.20 77.55 
July 18 65 29.70 107.25 
August 17 82 28.05 135.30 
September 11 93 18.15 153.45 
October 5 98 8.25 161.70 
November 1 99 1.65 163.35 
December 1 100 1.65 165.00 

100 165.00 

aFrom distribution.curve No. 31, 	Figure 5.4. 

Using the map of erosion index distribution curves 
(Figure 5-4) one may determine the distribution of 
the erosive energy of storms throughout the year. 
This is shown in tabular form for northwestern Mis-
souri in Table 2-1. This distribution should be 
considered when estimating the amount of erosion 
control that will be needed during construction 
periods. One should remember also that this soil loss 
equation does not account for gullying or for the 
effects of melting snow, but only for sheet and nil 
erosion caused by rainfall. 

SOIL ERODIBILITY FACTOR K 

The soil erodibility factor '!K" has a value 
ranging from 0.1 to 0.7 and is a numeric representa-
tion of the ability of the soil to resist the erosive 
energy of rain. Soils increase in erodibility as the 
value of K becomes larger. As calculated, the factor 
is independent of slope and dependent only upon parti-
cle size and distribution, structure, void space and 
pore size, and organic matter. The reference base for 
this factor is soil which is tilled up and down slope 
and has been kept in a fallow condition for at least 
two consecutive years. 	Alterations to the soil 
(caused by such activities as biading and compacting) 
which change its structure and permeability and hence 
the K factor values are accounted for in the soil loss 
equation by multiplying by an appropriate VM factor 
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which will be discussed later. For a first approxima-
tion of the erodibility of soil in a given area of the 
United States, refer to the soil erodibility maps, 
Figures 5-8 and 5-9, in the map pocket. 	For a 
specific construction site a better procedure is to 
obtain representative samples of the soil in question 
and determine their percentage of silt plus very fine 
sand (0.05 mm to 0.10 mm) and the percentage of sand 
(0.10 mm to 2.0 mm). The percentage organic matter 
should also be determined. With these values, enter 
Wischmeier's 1971 soil erodibility nomograph, Figure 
2-2, and determine the appropriate value of K to be 
used in the equation. If, for example, the soil from 
a construction site in northwestern Missouri contains 
65 percent silt plus very fine sand, has 5 percent 
particles in the sand category, and contains 2.8 
percent organic matter, the K value first approxima-
tion will be about 0.28 which corresponds also with 
the erodibility map in Figure 5-8. If in addition the 
soil is determined to have a structural value of 2 and 
a permeability of 4, the K value is 0.31 (structure 
and permeability value ranges are defined in Figure 
2-2). 

NOTE: VALUES DETERMINED FROM THE SOIL EROD-
IBILITY MAPS, FIGURES 5-8 AND 5-9, SHOULD BE USED ONLY 
WHEN SITE-SPECIFIC SOIL ANALYSES ARE NOT AVAILABLE. 
These maps were prepared from the latest Information 
available from the Soil Conservation Service and from 
individual states, but at best are only rough approxi-
mations of soil erodibility values of specific sites. 

In those states where more detailed information 
was not available, values from the national soil 
survey were used. 	This procedure resulted in some 
instances in soil classifications following state 
boundaries, which, of course, is not according to 
fact. 

TOPOGRAPHIC FACTOR LS 
(see Appendix C for 
additional details) 

The only manageable parts of the soil loss 
equation are the topographic factor LS and the erosion 
control factor VM. The rainfall factor R and the soil 
erodibility factor K have both been fixed by nature 
and cannot be altered by man's activities. The 
steepness and length of many of the slopes in highway 
construction, however, are determined by man after he 
considers the physical setting of the construction 
site and the requirement of the transportation system. 
It is obvious that flat slopes and short lengths will 
have less erosion than steep slopes and long lengths, 
but the amount of erosion expected for various combi-
nations of length and steepness is not so obvious. 
The LS factor is therefore a numerical representation 
of the length-steepness combination to be used with 
the rainfall factor R and the soil erodibility factor 
K to estimate the erosion rate potential for a parti-
cular construction slope. Since the slope and length 
are determined by the highway designer, a knowledge of 
the LS factor will aid him in choosing proper combina-
tions of slopes and lengths, and determining when to 
use berms, cross ditches, terraces or other control 
practices which effectively reduce the LS factor. 

For determining the LS factor in the soil loss 
equation, the following relationship is given by 
Foster and Wischmeier (31) and by Wischmeier and Smith 
(48, 56). 

LS=()

m 	
65.41 s2 + 
	

4.56 5 	
+0.065) 

2+10000 hio,000 

n which 	
(2-3) 

LS = topographic factor 
.1 	= slope length in feet 
5 	= slope steepness in percent 

m = exponent dependent upon slope steepness 
(0.2 for slopes < 1 percent, 0.3 for 
slopes 1 percent to 3 percent, 0.4 for 
slopes 3.5 to 4.5 percent, and 0.5 for 
slopes > 5 percent) 

The graph in Figure 2-3 has been developed for 
solving Equation 2-3 and is used in the following 
manner. 	The value of the slope gradient is located 
on the bottom scale of the graph. This value is 
followed vertically to the appropriate slope length 
curve, and the corresponding LS value is read on the 
left hand scale of the graph. (See also Table C-i .) 

Referring to Figure 2-3 it is determined that if 
the site calls for a fill slope 100 feet long at a 
steepness of 67 percent (1-1/2:1), the LS factor value 
from the graph is about 27. 	Reducing the slope 
to 50 percent Increases the length to 124 feet (in-
creasing the exposed area by 24 percent), and the new 
LS factor value becomes 20. The erosion rate poten-
tial has thus been reduced to 74 percent of the 
original and the erosion amount (rate x area) to 95 
percent (assuming no erosion prior to exposure). 
Further reducing the slope to 3:1 (33 percent), the LS 
factor value becomes 13 or 47 percent of the original. 
A 6:1 slope would reduce the LS value to about 6 or 
nearly 21 percent of the first design, but the slope 
length has now more than tripled to 339 feet, and the 
total amount of erosion has reduced to about 71.1 
percent of the original. Cutting the slope length in 
half cuts the erosion by approximately one-third or to 
70 percent of the original amount. 	 - 

EROSION CONTROL FACTOR VM 
(see Appendix C for addi'tional details) 

The erosion control factor is applied in the 
equation as a single unit. 	It accounts for the 
effects of all erosion control measures that may be 
implemented on any particular construction site, 
including vegetation, mechanical manipulation of the 
soil surface, chemical treatments, etc. It does not 
include structures such as berms and ditches. These 
are part of the topographic factor, LS. For any site 
the soil loss equation may be solved with and without 
erosion control measures installed and the difference 
in the "A" values determined is an indication of the 
effectiveness of that particular control system. 

From research results reported in the literature, 
it was noted that mulches had apparent VM factor 
values commonly around 0.01 until RKLS factor 
values exceeded a certain critical level at which 
point the mulch partially failed. Thus for each set 
of RKLS values it is assumed that a certain 
quantity of mulch is required to maintain the VM 
factor value at a level near 1 percent. Figures 2-4, 
2-5, 2-6, and 2-7 were developed for this MANUAL using 
data gathered from both published and unpublished 
sources and show this relationship for straw or hay 
mulch not tacked (some states apply mulch in this 
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loose fashion), straw or hay mulch tacked or punched 
in across the slope, wood chip mulch, and stone mulch. 
To use the figures, one must enter the Y-axis at the 
RKLS value for the site, move horizontally to the 
right until the curve is intercepted, then drop 
vertically to the base scale and read the critical 
tonnage of mulch. This tonnage is the minimum needed 
to stabilize the site at the critical value of one ton 
of soil loss per acre. 	Any quantity of mulch less 
than this critical amount would have a high failure 
risk and may thus be wasted. 

In addition to its physical ability to aid in 
erosion control, the primary value of hay or straw 
mulch is to aid in the establishment of vegetative 
growth. There is a limit to the amount of straw or 
hay that can be applied and still have seed germina-
tion and vegetation establishment. The designer 
should be aware of this limitation in each particu-
lar area and not prescribe amounts in excess of it. 
(The largest amount encountered by the writers in 
their visits to individual states was 6 tons per acre, 
most of which was punched into the sandy soil with 
a disk.) 

Standing vegetation exerts its influence on the 
VM factor in proportion to its aerial density and type 
of root system. Apparently all grasses that are 
suitable for erosion control and adapted to the 
site can be grouped together as can all forbs such as 
legumes, weeds, etc. Figure 2-8 shows the relation 
between grass density and VM factor and Figure 2-9 
shows the same relationship for the forbs. Data for 
these plots were assembled from the literature. The 
VM values for the most common combinations of vegetal 
matter can be covered by the figures given, but bare 
soils and chemicals may be of a nearly infinite 
variety. Some of the commonly encountered conditions 
and possible treatments with their corresponding VM 
values that have been gleaned from the literature are 
tabulated in Table 2-2. As time goes on a large 
number of other possible treatments may be developed 
and evaluated with the consequent production of more 
SIN factor values. 

Structures such as sediment traps and settling 
basins do not decrease erosion but serve only to catch 
the sediment after it has left the source area. 
Design drawings for such structures are readily 
available from many different sources throughout the 
country and are not included in this MANUAL. Even 
though much research remains to be done in order to 
determine the true efficiencies and optimum designs 
of sediment basins and traps, existing designs may be 
used effectively to prevent sediment from leaving 
rights-of-way and entering streams, lakes, or adjacent 
properties. The amount of sediment captured in such 
structures can be measured or calculated and subtract-
ed from the total soil loss, calculated by the equa-
tion, to determine actual loss. 

LIMITATIONS OF THE SOIL 
EROSION EQUATION 

1. The equation is semi-empirical and does not 
necessarily express its several factors in their 
correct mathematical relationships. This limitation 
is overcome by the use of empirical coefficients. The 
physical data upon which the present coefficients are 
based were limited to maximum uniform slopes of 20 
percent and lengths of 300 feet. 

The rainfall-erosion index treasures only the 
erosivity of rainfall and associated runoff. There-
fore, the equation does not predict soil loss that is 
due to thaw or snowmelt. In areas where such losses 
are significant, they must be estimated separately and 
combined with those predicted by the equation. 

Gully erosion cannot be accounted for by the 
equation such as is caused by concentrated flows of 
water. 	Its use must be confined to sheet and rill 
erosion. 

The equation was developed to predict soil 
loss on an average annual basis. Soil loss predic-. 
tions on a storm-by-storm basis often result in error 
because of complicated interactions between forces 
governing soil-loss rates. On any given site these 
interactions tend to average out over a year's time so 
that their effect at any particular time is minimal. 

PROCEDURES FOR 'DETERMINING WATER 
SOIL EROSION 

Water Soil Loss Equation Method 

The following step-by-step procedures will lead 
one through the proper use of appropriate tables, 
figures, maps, and graphs for determining erosion 
caused. by water from a construction site. Examples 
of water erosion calculations are given in Appendix C. 

Determine as precisely, as is practicable the 
latitude and longitude, preferably in degrees, tenths, 
and hundredths, of the construction site in question. 

Using the location information from 1, enter 
the appropriate iso-erodent map (Figure 5-1, 5-2, or 
5-3) and determine the annual R value for the site. 

Estimate as nearly as possible the length of 
time the site will be exposed to erosive forces. 

With the information from number 3, enter 
Figure 5-4, 5-5, or 5-6 as appropriate and read the 
percentage of annual R for each month or fraction 
thereof that the site will be exposed. These indi-
vidual percentages are added together to give a 
percentage for the total time period. This total 
percentage is then multiplied by the annual R value 
from number 2 to obtain the proper value of R to use 
in the soil loss equation. 

For full-year (as opposed to fractions of a year) 
periods of time longer than one year, enter Figure 2-1 
with the number of years and read the corresponding 
value of EI/R. The annual R value is 'multiplied 
by this ratio to obtain the proper value of R to use 
in the equation. 

With the location information from number 1, 
enter an appropriate soil survey map and determine the 
soil erodibility factor K. If a soil survey map is 
not available, the preferred procedure is to take 
appropriate soil samples at the site and analyze them 
for particle size, percent organic matter, soil 
structural class, and relative permeability. With 
this information use the nomograph in Figure 2-2 
to determine the K factor. 

In the absence of both of these, enter the 
appropriate soil erodibility map (Figure 5-8 or 5-9) 
and determine an approximate value for K. 
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Determine slope steepness as percent gradi- Table 2-2. 	Typical VM factor values 	reported in the ent. 	(For example, 	2.5:1 slope equals a gradient of literature.a 
40 percent.)  

Determine the slope length in feet. Condition VM Factor 
Using data from numbers 	6 and 7 enter Table 

C-I 	and 	determine 	the 	topographic 	factor, 	I.S. 	(For 1. Bare soil conditions 

multiple 	slopes, 	follow the procedure detailed in freshly disked to 6-8 inches 1.00 
Appendix C.) after 'one rain 0.89 

Loose to 12 inches smooth 0.90 
The product of values determined in 4, 5, and loose to 12 inches rough 0.80 

8 is the RKLS value, or potential erosion. compacted bulldozer scraped up and down 	1.30 

The amount of mulch required to reduce 	the 
same except root raked 1.20 

potential erosion to the amount of 1 ton/acre can be 
compacted bulldozer scraped across slope 	1.20 

determined 	from Figures 	2-4 	through 	2-7. 	Other 
same except root raked across 

rough irregular tracked all directions 
0.90 
0.90 control measures are listed in Table 2-2 together with seed and fertilize, fresh 0.64 their approximate VM values. 	The VM value of any 

same after six months 0.54 particular control measure, multiplied by the RKLS 
seed, fertilizer, and 12 months chemical 	0.38 value determined in number 9, will give an mdi- 
not tilled algae crusted 0.01 cation of the effectiveness of that, particular measure tilled algae crusted 0.02 

in controlling erosion. compacted fill 1.24-1.71 
NOTE LIMITATIONS OF THE EQUATION LISTED undisturbed except scraped 0.66-1.30 

ABOVE. scarified only 0.76-1.31 
sawdust 2 inches deep, disked in 0.61 

Alutin Rill Erosion Method 2: Asphalt emulsion on bare soil 
1250 gallons/acre 0.02 

A rapid method of measuring nh 	erosion that is 1210 gallons/acre 0.01-0.019 
fairly accurate for losses up to 100 tons per acre is 605 gallons/acre 0.14-0.57 known as the Alutin Rill Erosion Method. 	The formula 302 gallons/acre 0.28-0.60 
for this method is: 151 gallons/acre 0.65-0.70 

Soil loss in tons per acre = sum in square inches Dust binder 
of 	cross 	sect ions 	of 	rihls 	along 	a measured 605 gallons/acre 1.05 
lineal 	distance 	of 	13.7 	feet 	across 	the 	slope. 1210 gallons/acre 0.29-0.78 
The 	following 	procedure 	can 	be 	used 	for 	esti- 
mating nIl erosion in the field. Other chemicals 

1000 lb. fiber Glass Roving with 60-150 

Step No. 1 - measure 	across 	the 	slope 	a 	lineal gallons asphalt emulsion/acre 0.01-0.05 
distance of 42 or 84 feet. Aquatain 0.68 

Step No. 2 - measure 	the 	width 	and 	depth 	in Aerospray 70, 	10 	percent cover 0.94 
inches 	of 	each 	nil 	along 	the Curasol AE 	 • 0.30-0.48 
measured distance. Petroset SB 0.40-0.66 

Step No. 3 - multiply the width and depth of each PVA 0.71-0.90 
nil 	together 	to 	obtain 	a 	cross Terra-Tack 0.66 
sectional 	area 	in 	square 	inches. b ood fiber slurry, 1000 lb/acre fresh 0.05 -0.73 

Step No. 4 - add 	together 	the 	cross 	sectional 
the areas 	of 	all 	rills 	within 	mea- bWood fiber slurry, 1400 lb/acre fresh 0.01 -0.36 

sured distance. 
bWood fiber slurry, 3500 lb/acre fresh 0.009-0.10 

Step No. 5 - divide 	this 	sum by 	3 	if 	a 42 	ft. Portland cement+Latex - 
distance was 	chosen and 	by 6 	if 84 1000 lbs/ac+8 gals/ac 0.13 
ft. 	was 	chosen. 	The 	result 	is 1500 lbs/ac+12 gals/ac 0.006 
tons 	of 	soil 	loss per acre from the 
selected area. - Seedings  

temporary, Oto 60 days 0.40 

Sample 	calculation--Width 	(in.) 	x Depth 	(in.) 	= temporary, after 60 days 0.05 

Area 	in 	sq. 	inches 	(assuming 	rectangular 	cross permanent, 0 to 60 days 0.40 

sections) 	(divide 	by 	2 	if cross 	sect ions 	are permanent, 2 to 12 months 0.05 

triangular) permanent, after 12 months 0.01 

Rill 	Width (in.) 	Depth (in.) 	Area (sq. 	in.) Brush 0.35 

1st 	4 	 2 	 8 Excelsior blanket with plastic net 0.04-0.10 

2nd 	 2 	 2 	 4 
3rd 	5 	 4 	 20 Mulch 	(see Figures 2-4, 2-5, 2-6, 2-7) 
4th 	6 	 5 	30 
5th 	3 	 3 	 9  
Total 	 71 sq. inches 

allote  the variation in values of VM factors reported by different re- 

If 	the 	measured 	distance 	was 	42 	feet 	the 	soil 
searchers for the same measures. 	References containing details of research 
which produced these VM values are included in NCHRP Project 16-3 report, 

loss 	is 	71/3 = 23.7 	tons per acre. 	In practice it is "Erosion Control During Highway Construction, Vol. III, Bibliography of 
well to ave rage measurements taken at the top, middle, Water and Wind Erosion Control References," Transportation Research Board 
and 	bottom 	of 	a 	slope 	to 	obtain 	a 	more 	accurate 2101 Constitution Avenue, Washington, D'C',2O418. 
estimate of soil 	loss from the entire area. b This material is commonly referred to as hydromulch. 

14 



CHAPTER 3 

SOIL EROSION CAUSED BY WIND 

WIND EROSION POTENTIAL 

In most areas of the United States the amount of 
erosion attributable to wind as opposed to that from 
water may be equal to or near zero. However, in some 
places it is significant and ways and means are 
needed for its control. The reader will get a better 
understanding of wind erosion problems by studying the 
examples presented in Appendix D. 

Wind erosion potential may be estimated in a 
manner similar to that for water by the use of a soil 
loss equation. The wind erosion equation, selected by 
the present study for estimating soil loss due to wind 
on highway construction sites, resulted from years of 
work by the late W. S. Chepil, his associates1  and 
others (5-7, 12-26, 38-40, 58). The equation as 
developed by these researchers and an explanation of 
its use for determining wind erosion on highway 
construction sites is as follows: 	(Primes have been 
added to each of the factors so that they will not 
become confused with those for water erosion.) 

E' = I'.C'.K'.V'.L' 	. 	. 	. 	. 	(3-1) 

in which 

	

E' 	= 	soil loss by wind in tons/acre/yr 

	

I' 	= 	soil wind erodibility factor 

	

C' 	= 	local wind erosion climatic factor 
= 	soil surface roughness factor 

	

V' 	= 	vegetative factor 
= 	length of the unshielded distance 

parallel to wind in the direction of 
the wind fetch 

SOIL WIND ERODIBILITY FACTOR I' 

The soil wind erodibility index, I, is the 
potential soil loss in tons/acre/yr from a wide 
unsheltered, isolated, bare and smooth crusted or 
noncrusted soil expanse. 

The I value is determined in the field by dry-
sieving a soil sample through a 20-mesh (0.84 mm) 

	

screen. 	Knowing the percentage of particles larger 
than 20-mesh and if there is no crusting, the I value 
in tons per acre can be read from Table 3-1. If the 
soil has a well developed crust, another value of I 
from Table 3-1 is used instead. The tons/acre value 
of I read from the table becomes I' in the wind soil 
loss equation whenever there is no correction required 
for the windward knoll effect. 	If a correction is 
required, it is done according to the procedure 
outlined in the following paragraphs. 

Windward Knoll Erodibility Factor Is 

Whenever the slope is facing the dominant wind 
direction so that the wind impinges against the slope, 
erosion is accelerated. This acceleration is known as 
the windward knoll effect and the knoll erodibility 
factor I is used to modify the soil wind erodibility 
index I for this exposure. 

Woodruff and Siddovay (58) have given a means to 
correct for this knoll effect. 	Their curve was 
extrapolated to produce the curve in Figure 3-0 
because no better data were available. Only their (b) 
curve is given because it pertains more nearly to 
highway cuts and fills. 

If slopes are longer than 500 feet, I is as- 
sumed to be 1.0. 	For slopes shorter than 500 feet 
the following procedure is used. Figure 3-0 is 
entered at the bottom with a slope gradient value 
determined at the midpoint of the slope facing the 
wind. 	Move vertically to the curve, thence to the 
left scale where the I value is read. This value 
is multiplied by the erodibility index (I) to obtain a 
modified value called the erodibility factor (I') 
described previously which is used in the soil 
loss equation. 

I' = Ix Is = tons/acre/yr 

LOCAL WIND EROSION CLIMATIC FACTOR C' 

The monthly isovalues of the local wind erosion 
climatic factor C' are given on appropriate maps 
(Figures D-1 through D-14). 	C' is the cube of the 
mean wind velocity for each month divided by the 
square of the annual precipitation effectiveness 
index, PE, developed by Thornthwaite (46). It is 
computed from the equation: 

3 
C' = 34.483 	

2 .........(3-2) 
(PE) 

in which 
V 	= 	mean monthly wind velocity at a height 

of 30 feet for all winds in excess of 
12 miles per hour 

PE 	= 	Thornthwaite's precipitation effective- 
ness index 

= 	- PE index = 115 (P/T-10)111' in which P 
is the mean annual precipitation and 
T is the mean annual temperature 

Monthly values of C' have been plotted as iso-
lines on maps of the continental United States (Fig-
ures D-1 through D-6), Hawaii (Figures D-7 through D-
10), Puerto Rico (Figures D-11 and D-12), and Alaska 
(Figures D-13 and D-14). 

Wind Direction and Preponderance 

These terms are actually the prevailing wind 
direction and prevalence and are obtained from the. 
wind erosion force vector. (See maps of wind direc-
tion and preponderance in Appendix D.) 

- If the value of preponderance is 1.0, - there is no 
preponderant direction so a barrier could be placed in 
any direction with equal results. A value of 2.0 
indicates that the preponderance is twice as great in 
total wind force as for 1.0. 

To use the maps in Figures D-7 through D-20, 
determine the dominant wind direction for the period 
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Table 3-1. 	Soil wind erodibility index I. 

Percent of Dry Soil 
Not Passing a 20 0 1% 2% 3% 4% 5% 6% 7% 8% 9% 

Mesh Screen 

(Units) . Non-crusted Soil Surface (tons/acre) 

0 -. 310 250 220 195 180 170 160 150 140 
10 134 131 128 125 121 117 113 109 106 102 
20 98 95 92 90 88 86 83 81 79 76 
30 74 72 71 69 67 65 63 62 60 58 
40 56 54 52 51 50 48 47 45 43 41 
50 38 .36 33 31 29 27 25 24 23 22 
60 21 20 19 18 17 16 16 15 14 13 
70 12 11 10 8 7 6 4 3 3 2 
80 2 - - - - - - - - - 

Fu].ly Crusted Soil Surface (tons/acre) 

0 :- 51.7 41.7 36.7 32.5 30.0 28.3 26.7 25.0 23.3 
10 22.3 21.8 21.3 20.8 20.2 19.5 18.8 18.2 17.7 17.0 
20 16.3 15.8 15.3 15.0 14.7 14.3 13.8 13.5 13.2 12.7 
30 12.3 12.0 11.8 11.5 11.2 10.8 10.5 10.3 10.0 9.7 
40 9.3 9.0 8.7 8.5 8.3 8.0 7.8 7.5 7.2 6.8 
50 6.3 6.0 5.5 5.2 4.8 4.5 4.2 4.0 3.8 3.7 
60 3.5 3.3 3.2 3.0 2.8 2.7 2.7 2.5 2.3 2.2 
70 2.0 1.8 . 	1.7 1.3 1.2 1.0 0.7 0.5 0.5 0.3 
80 	 . 0.3 - - - - - - - - - 

PERCENT SLOPE GRADIENT 

Figure 3-0. Slope steepness vs. I. 
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of time required by assuming that an east dominant 
wind is the zero direction. From this point measure-
ments are made in a counterclockwise direction through 
360 degrees. The direction number is multiplied by 
the magnitude of the preponderance and finally the 
sum of the products is divided by the sum of the 
preponderance values to arrive at a weighted average 
resultant wind direction. This direction is the 
effective prevailing wind direction. 

The scales and arrows on Figures D-7 through D-20 
indicate the number of times the wind value exceeds 
the unit value for given directions. The arrows point 
to the direction from which the wind is coming. 

SOIL SURFACE ROUGHNESS FACTOR; K' 

This factor is a measure of the natural or 
artificial roughness of the soil surface in the form 
of ridges or small undulations. It can be determined 
by knowing the height of the individual roughness 
elements and then using Figure 3-1. The value for the 
mean height of elements is located on the bottom of 
the figure, move vertically to the curve, and thence 
to the left scale where the K' value is read. 

VEGETATIVE FACTOR, V 

V factor represents equivalent pounds of vege-
tative matter as a roughness element. The V value is 
obtained by wet sieving the air dried soil to separate 
the organic material from the mineral portion. 
The organic matter is then dried and weighed. The 
weight in thousands of pounds per acre is entered on 
the left scale (R') of Figure 3-2. Move horizontally 
to the proper curve, thence down to the V' scale 
to read the V factor. 

UNSHIELDED WIND FETCH DISTANCE, L' 

This is defined as, the distance parallel to the 
preponderant wind direction in excess of the shielded 
distance. In the field, the preponderant direction is 
layed out with a compass or transit, then the dis-
tance across the exposed area in excess of 10 times 
the height of any barriers is recorded in feet as the 
value of L'. 

PROCEDURE FOR DETERMINING WIND SOIL EROSION 

The following step-by-step procedures will lead 
one through the proper use of the wind soil loss 
equation and appropriate tables, maps,and graphs for 
determining erosion caused by wind from or onto a 
construction site. Included at the end of the chapter 
is a nomographic chart, Figure 3-3, for solving the 
wind soil loss equation. Examples of wind erosion 
calculations are given in Appendix D. 

Scoop up a 250 ml sample of the exposed 
surface soil. Allow the sample to dry in the air, 
then sieve the dry sample with a 20 mesh sieve. 
Measure the volume of the material remaining on the 
screen. Determine the percent remaining by volume. 

%
1vol. remaining = 	

vol. total 	
x ioo) 

The value of this quotient (percent) is entered into 
the scale of Table 3-1 and the value of I read. 

Determine the slope in percent of the exposed 
areas which are not parallel to the wind movement. 

This slope percent is located on the bottom of Figure 
3-0. Move vertically to the curve, thence left to the  

scale where I is read. The values of I and I 
are multiplied together to obtain the value of V. 

Take a sample of soil plus litter (to a 3 
inch depth) including standing litter, and wash it on 
a 20 mesh screen. Dry and weigh the organic portion 
of the sample. 	Determine the percent by weight of 
organic matter. Multiply this percentage by 106  to 
obtain the pounds of organic matter, R', per acre in 
the surface 3 inches of soil (approximately 1,000,000 
lbs. in acre 3" deep). With this value of R' enter 
the left hand scale of Figure 3-2. Move to the right 
to the appropriate curve (flat or standing), thence 
vertically downward to the base where the value of the 
V factor is read. 

Determine the weighted wind direction for the 
appropriate period of time. This is accomplished by 
entering Figures D-7 through D-20 and for the proper 
location read the direction by interpolation between 
arrows and the preponderance for each month involved. 
The direction in degrees counterclockwise from zero 
east is read with a protractor or other scale. This 
value is multiplied by the magnitude of the prepon-
derance as read or scaled from the map. This proce-
dure is repeated for each month involved and the 
products summed. The sum is then divided by the sum 
of the preponderance values to obtain the resultant 
direction. The mean of the preponderance.values is the 
net preponderance. The higher the preponderance value 
the more nearly the wind is unidirectional. 

Determine the value of C' by reading Figures 
D-1 to D-14 for the appropriate time period by monthly 
values. Add the respective values and use the sum as 
the C' value for the equation. 

Measure the height of the roughness elements. 
These consist of large clods, ridges left by equip-
ment, equipment tracks, and other small barriers 
across the direction of wind flow. Calculate the mean 
height of these elements in inches. This mean height 
value is Kr and should be entered on the bottom of 
Figure 3-1. Move vertically to the curve, thence left 
to the scale where K' is read. 

Determine I'.K'by multiplying I' from (2) and 
K' from (6), then I'K'.C' from (5) and (7). 

Measure L', the distance parallel to the 
prevailing wind direction across the disturbed area in 
question, in feet, and subtract from this value 10 
times the height of any major barriers such as trees, 
hedges, board fences, etc. 

Enter the nomograph for wind erosion (Figure 
3-3) with I'-K', I' -C'-K', V and L' and estimate erosion 
in tons per acre. The product of this value and the 
distance along the highway times L' divided by 43,560 
gives the total tons of soil loss per acre of right-
of-way. 

DETERMINING WIND SOIL LOSS SUSCEPTIBILITY 

In areas where wind soil losses may be signifi-
cant the following simple field test may be applied to 
determine whether or not erosion control practices are 
needed. 

Collect four cups of soil from an open, exposed 
site. Allow the sample to dry overnight in an oven 
and then sift it through a 20-mesh sieve. If more 
than one cup of soil passes through the screen, 
erosion control measures should be implemented at that 
particular site. 
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Figure 3-1. Wind soil roughness factor K' vs. soil roughness height Kr. 
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KEY: 	 Expected Soil Loon E' - P K' C L' •V' (tono/ocre/yeor) 

Step 1. Locate 1K value on vertical scale to the left of turning axis and Construct curved dotted 	 Step 4. Draw line from 1K' value (Step 1) to I'KC value (Step 3) and mark intercept on 
line as indicated, 	 turning axis. 

Step 2. Move vertically upward from L' value to intercept curved line (Step I) then horizontally 
to E2 scale. 	 Step S. Draw line from value on E2 scale (Step 2) through point on turning axis (Step 4) to E 

scale, then diagonally to second E4scale, horizontally to intercept with appropriate V 
;tep 3. Mark VKV value on vertial scale to the right of turning axis, 	 value, and then vertically downward to read expected soil loss on E scale. 

Figure 3-3. Nomographic chart for the solution of wind soil loss equation E' = I'•K'C'L'.V'. 
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Aggregate Cover 	Stabilizes soil surface. Used on seeps. Permits construction A-i X X X X X X X X 
traffic in adverse weather. May be used as part of permanent - 
base construction. Made by placing gravel on soil surface. - - 

Barrier, Temporary 	Impedes surface runoff and stops the movement of sediment, 2 X - X - X X - - X X X 
Brush 	 mulch or other surface protectors. Brush and hay bales used on 
Fence 	 medium slopes or at the toes of steep slopes.. Fence used on 
Hay or Straw Bales 	slopes. Made by piling or staking on or near a contour along 

the surface to be protected. Also serves as filter on berm. 

Benches 	 Reduce slope lengths. Made by constructing wide (say 10'-20') A-3 I I X I X X 
horizontal, level or slightly reverse sloping steps in intervals (say - - 
50'- 100') down the slope, on or near contours. Reduce water 
velocities and increase infiltration. Require provision for runoff. 
disposal.. 

Berms 	 To control or divert the flow of surface runoff. Made by piling A4  X X X ., X I X X - X 
Berm and Ditch 	a soil windrow or other obstruction along the shoulders of the - 
Burlap Sand Sausage 	. 	roadbed or top of cut to prevent surface runoff from eroding 
Diversion 	. 	slopes. Require adequate downdrains to dispose of water. The 
Slope 	 burlap sand sausage is made by filling a burlap tube with-sand or - 

piling sand on a long piece of burlap and sewing the burlap into 
a tube. 

Cellular Concrete Block 	Excellent for surface protection on slopes and especially against A-S X X 

- 

X X X X 
Revetment 	 wave action. These blocks are constructed of dense concrete and 

(Gobi Blocks) 	are installed on top of a plastic filter cloth. After installation 
topsoil is spread loosely over the revetment to partially fill the- 
cell openings,-and the revetment is then fertilized and seeded. 

Channels 	 Used to convey runoff from points of concentration across, A-6 X X X X X I X I X X X X X 
Asphalt 	. 	though, along, and around highway rights of way, or other 
Bare 	 areas to be protected. Channels steeper than approximately 
Burlap 	 three percent need protection to prevent erosion. Allowable 
Concrete 	 slope of bare channels depends on the type of soil. - 
Concrete Block 
Excelsior 
Fiber Glass Roving - 
Grass 
Jute 
Plastic (Nylon) Mat 
Plastic Sheeting 
Rock or Riprap 
Sod 

Check Dams 	 Prevent channel erosion and allow settling of suspended solids. A-i X X X X X X I I x x 
Graded Stone 	 They reduce water velocities, lengthen detention times and 
Log 	 increase stream cross-sections. Constructed by-placing the - 
Log and Hay 	 selected material across the channel normal to the flow. Dam 
Rock and Fence 	height is dictated by flow amount and channel slope. 
Sheet Piling 
Staked Bales I 
Straw Bales and Fence 
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lemical Stabilization 	Used to reduce the movement of soil and other soil protectors. A-8 X X X I  X X X X - X - 
Aerospray 70 	over other protectors 
Aquatain 
Arzan 
Asphalt Emulsion 
Colierex 
Conwed Fiber 

Aerospray 52 	Applied by spmying the liquid chemical onto the soil surface or- -- 

Curasol 
Dust Binder 
Ecology Control 
ErodeX 
Fiber Glass Roving, Tacked 
Glenkote 
Petroset -' 
PVA 
Soil Bond 	 - 
Soil-Lok 
Soil Master 
Soil Seal 
Surfaseal 
Terra-Krete 
Verdyol (Super) 
Wood Fiber Slurry 
(Others) 

hutes 	 Used to convey water down slopes and can be either temporary A-9 X X I X X 
Asphalt 	 or permanent. Chutes generally require energy dissipators at - - 
Bare 	 the downstream ends. (See also down drains.) Burlap 
Concrete 
Concrete Block 

-- 

Excelsior 
Fiber Glass Roving 
Grass 
We 
Plastic (Nylon) Mat 
Plastic Sheeting 
Rock or Riprap 
Sod 

offerdam 	 Diverts water from structures or stream bank segments during X-IC X X 
Concrete 	 construction to prevent sediment from entering adjacent - - - 
Earth 	 streams. 
Steel 	 S  
Supported Plastic Sheet 

- 
Wood 
Other 

ompaction 	 Proper compaction of fill embankments will reduce the erosion A-i I X 
rate, especially at lower water velocities. It should be done in - - - - - 
proper increments at the optimum soil moisture content. 	- 

onstruction Dam 	Similar to a cofferdam except it usually leaves the structure A-12 X . X - 
accessible to the bank rather than surrounding it. - 

liaper (see Floating 
Sediment Barrier) 

litch Blocks and 	Similar to check dams but are applied to smaller water ways. A-i: X X X -X X X. X X X X X 
Dams 	 Therefore less rigid materials can -be used such as loose straw - - - - - 

or hay, some mulching msterials, small gravel, etc. 	- 
_ 

iversion Ditch, Cut 	Construted at the upper edges of cut slopes to collect water 	- A-1 - X 
Slope 	 from adjacent properties and divert it around the cut. Materials - - 

used to to construct these ditches are determined by the slope of 
the ditch but include sod, gravel, stone, asphalt, and concrete. - - 
Ditches may be temporary or permanent. 
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)rain, Down 	 Used to conduct runoff down a slope. May be open channel or A-i. X X X X X X X X X X 
Asphalt 	 closed conduit, temporary or permanent. (See also Chutes.) - - - - 
Burlap 
Concrete 	- 
Excelsior Mat 
Fiber Glass Roving 
Flexible Pipe 
Gravel, Rock or Rubble 
Jute Mesh 
Plastic Sheeting 
Rigid Pipe 
Sod 
Subsurface Pipe 

)rain, Slope (See 	Placed horizontally at vertical intervals on long slopes to reduce A-26 X X 

also Interceptor 	the effective slope length. These drains can be of any open - 
D 	

channel cross section and must be Lined. Usually function both 
rams1 as temporary and permanent structures. 

)rop Box Culvert 	Consists of a culvert inlet-box with vertical sides. Acts as an A-i x x x x x x x 
(See also Inlets) 	energy dissipator and reduces the velocity in the culvert. This - 

type of structure is usually permanent except in temporary 
sediment basins, and is constructed of steel, wood, or coticrete. 

ner' Dissipators 	Convert high-velocity flows from paved channels and/or A-i' X 

_ 
X X 

Boulders 	 conduits to lower velocity flows. Materials used are frequently - 
Concrete. 	. 	gabions, concrete or large boulders. 
Concrete Blocks 

-- 

Gabions 
Riprap 
Rock Sausages 
USBR 
Water Pool 

rosion Stops 	 Similar to check dams but need not be restricted to a water A11 X X X X X X -. - - X X X 
channel. Controls overland flow-erosion on mild slopes.  
Materials of construction include hay bales, brush, gavel, 
snow fence and straw, etc. 

ertilization 	 Applied according to soil vegetation needs as determined by . X X X X X X 
testing. Stimulates growth which increases erosion resistance. - - - - - - 

ilter 	 Filters remove sediment from flowing water. They are used 	. ¼-19 X X X X X X X X X X X 
Berm 	 around drain inlets, along toes of slopes, on small slopes, on - .- - 
Brush 	 sediment basin dams, between water bodies and next to down- 
Baled Hay or Straw 	hill adjacent properties. Filters can be constructed from any 
Nylon Cloth 	 porous material that can be stabilized in rows, banks, or 
Rock or Gravel . 	mounds. They must be kept clean. 
Sediment Basin Outlet 
Sediment Trap 

loating Sediment 	Retains suspended sediment within the disturbed area of a lake, A-21 

- 
X - 

Barrier or Diaper 	pond, or stream. The diaper isa plastic barrier mounted on - 
posts driven into the lake bed. The floating barrier is a plastic 
or other impermeable barrier suspended from floats tied to- 

— - 
gether with a rope and anchored at each end to the shore. Both 

_ 
barriers extend from the water surface to within a few inches of 
the lake bed. 

abions, 	 Used as energy dissipators, channel liners, steep-slope protectors, A2 I X X X X X 
and retaining walls. Construction of gabions is accomplished by - - 
placing wire-mesh baskets at the desired location, rifling  them 
with gavel and tying them together. The size of basket and 
diameter of gavel are determined by the amount of protection 
required. 

rubbing Omitted 	When grubbing is omitted the surface algae at well as vegetation X X 
grow and stabilize the soil. Established root systems also are left 
to hinder erosion. New sprouts occur more rapidly. Fertilization 
may not be needed. El 

A-4 



WHERE MEASURE IS USED 

-5 

EROSION CONTROL 	
CHARACTERISTICS OF MEASUREMEASURE z Or- , . . . 

n a, as us 

Gunnite 	 Wire mesh is anchoredto vertical rock embankments with steel A-2 X 
pins. Concrete is then blown onto the mesh to prevent the - - 
bank from sloughing. Weep-holes are provided at intervals to 

dr relieve hyostatic pressure. 

Gutters 	 Gutters are protected channels for the collection and transport A-23 X X X 
of surface runoff from highways. They may also be associated - - 
with curbs. Though gutters are generally thought of as 
pdrmanent structures, timely installation will permit their 
use 4uring part of the construction period as well. They are 
made from concrete, asphalt, stone, brick, etc., 

Fland Placed Rock 	Steep slopes associated with overpasses, interchanges, etc. that A-2 X X X X X X X X 
require a high degree of protection can be made to look pleasing - - - 
and be protected with hand placed stone., 

Inlets 	 Provide smooth efficient transitions between overland or chan- 
Box Drop 	 nel flow and pipe flow. They may serve both temporary and 
Down Drain 	 permanent functions. Temporary inlets are constructed of rock 
Hooded 	 and earth, hay bales, wood and other available materials. The 
Pipe Drop 	 more permanent types are usually constructed of concrete. 

A-2 _ X X X X X X X X 

- 
Enterceptor Dike 	Directs overland flow to a desired collection or runoff point. 

Constructed with any material that will withstand the 

_ 
x x x x x x x x 

anticipated flows. - __ 

Lnterceptor Ditch or 	Ditches and drains, like the dike, change the course of flow of 
Drain (See also 	surface runoff and direct it to a desiiable collection or runoff 

Slope Drains 	 point. Construction of ditches and drains is similar to that of / 	most water channels and they must be protected to withstand 

A-2t X X X X X X X - - 
the flow velocities anticipated. 

irigation 	 For the purpose of establishing and maintaining vegetation. 
The water is generally most efficiently applied by sprinkler 

A-21 x x x x x x x 
or drip irrigation. 

letties 	 Used to deflect water currents away from selected sections of X X 
Brush 	 a stream bank or shore. 	 -- - 
Logs 
Pile 
Riprap 
Other 

.,evel Spreader 	 A level spreader converts channel or pipe flow to sheet flow, x X X I I X X 
thereby reducing velocity and increasing infiltration. Level 
spreader surfaces may need sod or other material to protect 
them from erosion. - 

4atting 	 Matting is used as a surface and channel protector. In most 
Excelsior 	 cases it requires staking to the ground. It is usually used in 

A-28 - X X X X X X X . X - - 
Jute 	 conjunction with seeding and protects the surface until 
Plastic 	 vegetation becomes established. 

4ulch 	 Used to increase infiltration, decrease runoff, protect soil L29 X X X X X X X X 
Cellulose 	 surface from erosive action of raindrops and to enhance seedbed 
Dairy Waste 	 for vegetative growth. Mulch is applied with machinery or by 
Gravel 	 hand using either water or air as the carrying agent. Proper 
Hay 	 application rates are important. Hydromulch 

- - - 
Rice Hulls 
Sawdust 
Shredded Paper 
Straw 
Vegetative Fodder 
Wood Chips 
Wood Fibers 
Other 
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4ulch Anchoring 	Anchoring increases the effectivedess of mulch against surface A-3C X X X X X X X X 
Asphalt Tacking 	erosion by water and wind. It is accomplished by spraying - - 
Matting 	 (asphaltic materials), covering and stapling (paper, plastic, 
Netting 	 nylon, jute, wire netting, etc.) and discing (incorporating 
Punching 	 mulch materials into the soil surface). 

pipe Outlet Protection 	Pipe outlets require a section of protected channel for corn- A-3l X X X X 
pleting the transition from pipe to channel flow. The needed 
protection can be provided by energy dissipators, channel 
protection, or combinations of the two. 

Iastic Film 	Used as a temporary protection for base soil surfaces including 
channels, chutes, downdrains, etc. 

A-32  X X X X X X X X X X X - -- 
poured in Place Concrete 	Concrete can serve for both temporary and permanent erosion 

control. It is used for surface and channel protection and for 
.33  X X 	I I X X X X I X X X X 

numerous kinds of structures. 

einforced Earth 	Modular concrete blocks to whose fiat sides are attached long A-34  X X X 
Retaining Wall 	thin metal strips, are stacked on edge to form a wall. The metal 

strips are laid horizontally and compacted into the backfilled 
-. 

soil on the uphill side of the wall. Friction of the soil on the 
strips holds the stacked concrete blocks in place, providing a 

- 
sturdy, pervious retaining wall. Particularly useful on slopes that 
are steeper than the angle of repose of the soil, and where 
horizontal distances are limited. 

etaining Wall 	Used for stabilizing steep slopes and to prevent earth slides. -35 X X X 
They can serve as either permanent or temporary structures - - 
and are commonly constructed of reinforced concrete, gabions, 
wood, or steel. 

Retention Pond (see 
Sediment Basin) 

-- 

A-S X X X X X X - Revetment (see 	Revetments are often used as bank protectors in streams. How- 
con- Cellular Concrete 	ever, other applications may be considered. They are 	---- 

structed of bruth mats, rock, concrete rubble, log jacks, car Block bodies, etc. and are normally quite large. 

Riprap, Rubble 	These materials are used for surface protectors, channel A-3 X X X X X X X - X X X 
protectors, and energy dissipators. - 

Roughened Surface 	An unsmoothéd fill surface or a surface that has been ripped, A-37 X X X X X X X 
ploughed or disked is called a roughened surface. It increases - -- 
infiltration and decreases runoff. 

31  X I X I X X X X X Sausages 	 Sausages generally consist of rocks or sand bound together with a 
Gravel 	 plastic, wire, or' burlap mesh. They may vary both in diameter 
Rock 	 and length from a few inches to several feet, depending on where 
Sand 	 they are to be used. Loose rocks are not recommended when the 

longitudinal slope of a stream is greater than 10%. Rock sausages 
can be used on slopes as great as 50%. 

Sediment Basin 	Sediment basins control or stop sediment after it has eroded. A-39 X X X X 
Basins are quite large, as compared to traps, and receive runoff - - 
from large areas. Each consists of a dam, an outlet structure, 
and water storage space. Most sediment in flowing water will 
settle out in a sediment basin if the detention time is long enough. 
They must be cleaned regularly. 

SedimentTraps 	Sediment traps are small sediment basins. They are constructed A-4C X X X X X X , X X X X X 
Board Dam at Inlet 	as simply as possible and should be used extensively during con- 
Catch Basin 	 ss.ruction. They are made by digging holes in medians and other 
Culvert 	 drainage ways and by building small dams of wood, stone, bales, 
Excavated 	 etc. across channels, culvert inlets, and other low areas. They 
Inlet 	 must be cleaned regularly. ' 	' ' . . 

A-6 



WHERE MEASURE IS USED' 

• 

EROSIONCONTROL 	
CHARAC1ER!ST1CSOFMEASURE MEASURE E 

' < 
I  
8 

5'at,-5 
a' 

ti.  

atce • 
an 

- 

an 

-a 

an 

Seeding 	 Seeding is done to establish vegetative erosion control. Stage 
Aerial (Chopper or 	seeding, both temporary and permanent, is generally very 

fixed wing)V 	 effective in controlling erosion on construction sites. 
Broadcasting 

A-U X X X X X X X X X X 
-' 

Drilling 
Hydroseeding with V  

-- 

Mulch or/and Matting 

Seepage Control 	Seepage control from cut banks is accomplished by covering the 
surface with a gravel blanket or inserting pipes horizontally into 
the bank to draw off the water. Either method stabilizes the cut 
surface and prevents sloughing. 

A-4 X 
- 

X 
- 
X 
- 
X 
- 
X 
- 

, - 
V 

- - - 
selective Grading and 	Involves nonstandard grading and thaping of slopes in critical 

Shaping 	 areas where erosion potential is high.  
A-4 , X X. X X 

errated Cuts 	Increase infiltration and reduce water velotcities down cut sinpes. 
They also provide a better seedbed for establishing vegetation 
and help to retain moisture. Horizontal steps are constructed 

A-4' ' - ' X - - - - - 
with a grader as the cut is made. 

-- 

heet Piling 	' 	Excellent'for constructing check dams, cofferdam's, sediment 
traps, and other erosion control devices.  

-45 X X X X X X X 

horeline Protection 	Shoreline protection is used where highways run parallel to or 
cross water bodies and must be protected from wave action. 

A46 - X 
-- X - - - - - - 

Rock, concrete, gobi blOcks, and other large surface protectors 
are used. 

lit Fence 	 Consists of filter cloth backed by wire net fence mounted on 
posts. Very effective for retaining sediment on right-of-way. 'If 
first fence fills with sediment, another can be built behind it. 

X X X X X X 

V  ' 
odding ' 	Used for surface and channel protection. Sod may be hand laid 

V 
 

over the entire surface or in narrow strips along the contours of 
V 	 a slope. On steep slopes it may need to be staked to prevent 

slippage. Another effective use of sod in areas of high rainfall 
is a IS" wide strip laid along the edges of the pavement of high-
ways, to prevent the shoulders from eroding. 

4' - X X - X 
V 

X X X X X - 
V  

- - - 
pillways 	, 	Used in conjunction with darns to bypass overflows with 

Box Inlet Drop 	minimum erosion. 
Chute 

8 
V  

X 
Drop 
Pipe 
Pipe Drop 	 V 

Straight Drop 

rigging 	 Sprigging'consists of planting shoots or sprouts as opposed to 
seeds, It is done to achieve more rapid growth of larger  

A-49 x x X X X I X X X X 
V vegetation. 	 , 

,urDikes 
Concrete Bags 	 Spur dikes provide funnels and expansion sections for streams 
Gobi Blocks 	 flowing beneath bridges. They are similar to jetties and must 
Rocks 	 have substantial surface protection to the high water line. 

A-S V x 

:acked Concrete 	Stacked concrete bags may be used for slope protectors at high- 
Bags 	way overpasses and for channel protectors at pipe outlets. Con- 

x ' x x x 
sist of bags of wet concrete stacked and allowed to dry. 

orm Sewers 	Collect rainfall or snowmelt runoff and transport it to a disposal 
point. Storm sewers are usually permanent and constructed 

X X X X X X - 	• 	from durable materials, but may be utilized during the con- 
V 	 stnsction phase as well. 

reamBank 	- 	 ' 	A-52 
I)roec Ofl 	 This protection requires large material masses or smaller anchored 

structures such as large boulders, brush mats, log jacks, concrete 
- - - - - X - - - - - . 

nibble or special concrete and/or steel structures. 	 V V 

---- 

V  
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Stream Channel 	May be a temporary bypass to permit construction of a bridge or other 	A-S 3 X 

Change 	
structure'Ofl the main channel, or a permanent change to allow a more 
desirable alignment of a highway. In either case, the new channel mutt 
be protected against erosion with such things as riprap, concrete, and - 
large vegetation. 

54 X X X X X X X X 
Surface Area 	The smaller the area exposed to the elements at a time with no protec- 

Exposure 	
tion, the less will be the erosion from that particular site. Good manage- 
ment will ensure the cleared areas have erosion control measures 
installed before additional areas are bared. 

Timing of Control 	An excellent erosion control measure is of no value until it is imple- X X X X X X X X X X X X 

Implementation 	mented. Therefore erosion control measures should be implemented 
at the proper time and place to be of maximum benefit. 

Toe Drain Ditch 	A toe drain ditch is used to collect seepage and runoff from a slope and 
A55 X - transport it to a channel. They should be lined with rock riprap or 

other protective material as needs dictate. 

A56 X X X X X IX 
Topsoiing 	Stockpiling and subsequent spreading of topsoil on cut and fill slopes 

aid greatly in the establishment of vegetation. Fertilizer may not be 
required if topsoiing is done. Topsoil may also be brought from an 
outside area depending on cost. 

Tubelings 	 A dry land planting technique which eliminates the need for irrigation X X X X X - during plant establishment and is conducive to mechanization. Plants 
are grown in 21/2 ' by 24" paper tubes reinforced by plastic mesh 
sleeves. These "tubelings" are planted in holes drilled into the ground - --- 
with a power auger. 

Vegetative BufferA strip of dense vegetation is used to prevent sedimentation or erosion A-S X X X X X X X X X X - 
Strip 	 at critical areas. it is often used along boundaries to prevent 

deposition of sediment on adjacent property, but can also be used 
at other locations such as stream banks. 

Vegetative 	Vegetative stabilization is accomplished by planting imported or A-SE X X X X X X X X X X X - - 
Stabilization 	native vegetation on cut and fill slopes and other areas needing 

Forbs 	erosion protection. 
Grasses 
Legumes 
Shrubbery 
Trees 

x x - Wattles 	 Early method used for stabiliiing fill slopes. Hand labor 	- 
Brush 	

quired. Leafy brush, straw or both are packed into a "cable" 

Straw 	
about 12" wide and 10" thick and laid in trenches dug into the 
slope face along the contours. 	1" x 2" x 24" stakes are driven 
in on 2' centers below the wattles to hold them in place. Live 
cuttings are planted between the wattles rows and the entire 

-- 

area is seeded. 

Windbreaks are often in the form of fences—log, lath, plank, - 
X 

- 
X 
- 

X X X X 
WIndbreak 	board, etc., which reduce wind velocity near the ground. Trees, - - - - shrubs, and other types of vegetation are also effective 

windbreaks. 
- 
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Straw bales 
Figure A-2. Barriers 

Figure A-3. Benches 
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Figure A-4. Berms 
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Figure A-5. Cellular concrete blocks 

Figure A-6. Channels 
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Figure A-6. Channels 
(continued) 

Snow fence and straw bales Staked wire mesh filled with rocks 

Staked straw bales Sheet pilings 

Figure A-7. Check dams 
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Figure A-9. Chutes 

Figure A-b. Cofferdam 
	 Figure A-li. Compaction 
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Figure A-12. Construction dam 
	

Figure A-13. Ditch block 
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Seeded and mulched 

Figure A-14. Diversion ditch 

Flexible pipe Riprap 
Figure A-15. Down drain 
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Rigid pipe 
	

Sod lining 

Figure A-15. Down Drain 
(continued) 

Figure A-16. Drop box culvert 

Anchored concrete blocks 
	

Gabions 
Figure A-17. Energy dissipators 
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Staked straw bales 
Figure A-18. Erosion stops 
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Snow fence and straw bales 
Figure A-19. Filters 
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Figure A-20. Floating barriers 
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Figure A-22. Gunnite 
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Figure A-25. Inlets 
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Figure A-26. Interceptor ditch (slope) 
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Figure A-27. Irrigation 
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Figure A-28. Matting 
(continued) 
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Figure A-29. Mulch 
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Figure A-30. Mulch anchoring 

Figure A-31. Pipe outlet protection 
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Figure A-32. Plastic film 
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Figure A-33. Poured-in-place concrete 

Figure A-34. Reinforced earth retaining wall 
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Figure A-35. Retaining wall 
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Figure A-36. Rip rap 
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Figure A-37. Roughened surface 
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Figure A-38. Sausage 

.• 	• 	• 	 • 
• .' 	 , 	...... 

..... 
. - 

.--.. 	. 

fl 
1! 
H !XL 

••-.••• 

Figure A-39. Sediment basin 
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Figure A-40. Sediment traps 
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Figure A-41. Seeding 
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Figure A-42. Seepage control 

Figure A-43. Selective grading 

Figure A-44. Serrated cuts 
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Figure A-44. Serrated cuts 
(continued) 

Figure A-45. Sheet piling 
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Figure A-46. Shoreline protection 
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Figure A-47. Sodding 
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Figure A-49. Sprigging 
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Figure A-50. Spur dikes 
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Figure A-51. Stacked concrete bags 
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Figure A-52. Stream bank protection 
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Figure A-53. Stream channel change 

Figure A-54. Surface area exposure limited 
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Figure A-56. Top soiling 

Figure A-57. Vegetative buffer strip 
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APPENDIX B 

GRAPHICAL SOLUTION OF THE SOIL LOSS EQUATION 

The nomograph, or alignment chart, is a useful 
tool for solving mechanically many functions of three 
or more variables. Although the alignment charts can 
be used to solve any of the problems which can be 
solved by a slide rule, they cannot give exact solu-
tions for the problems covered. Nevertheless, nomo-
graphs present solutions of an accuracy which does not 
suffer by comparison with slide rule computation. 
Nomographs are very useful and time saving in repeti-
tive solutions of mathematical formulas. Moreover, 
they are most helpful in showing the interrelation-
ships among the variables. 

The parallel-scale nomograph (Figure B-i) is 
designed to provide quick graphical solution to the 
universal soil loss equation, with the aid of a 
straightedge. The nomograph can also be used to 
advantage as a guide in erosion control design during 
highway construction. 	It is used in the following 
manner: 

The annual rainfall factor R and the soil 
erodibility factor K for. the area under 
consideration are determined from Figures 
5-1 and 5-8. 

A line connecting R and K values on the 
parallel-scale nomograph identifies a point 
X on the turning axis. This point is used 
in determining the maximum allowable LS or 
the erosion potential A. 

If the slope length and steepness are given, 
the LS factor is determined from the graph, 
Figure 2-3, and the value is entered on the 
parallel-scale nomograph, Figure B-i. A 
straight line is drawn connecting the LS 
value and point X, determined previousiy. 
Potentiai erosion is read at the inter-
section of the straight line and the poten-
tial erosion scale. 

If an allowable*  erosion potential is given, 
the maximum allowable LS factor value is 
found by extending the line connecting 
the point X on the turning axis and the 
allowable erosion potential value to its 
intersection with the LS scale. 

Suppose that a highway engineer or designer is 
faced with the problem of designing the side slopes of 
a highway cross section for effective erosion control 
during the construction stage. 	While the absolute 
erosion potential at the site may not be known to him, 
he can certainly influence the amount of erosion that 
occurs by manipulating the topographic factor, LS, 
and/or the erosion control factor, VM. Then he can 
determine the amount of control needed by a judicious 
use of the nomograph. 

For purposes of illustration, assume that the 
site location is in northwestern Missouri. From 
Figure 5-1 (iso-erodent map) the average annual R  

value is determined to be 165. Figure 5-8 (soils map) 
indicates that the K value for this area varies over a 
wide range (medium erodibility K = 0.24-0.32, and high 
erodibility K = 0.37-0.49). Data from the particular 
site in question show the actual K value to be 0.33 
(this is the value that should be used in preference 
to the approximate value from the map). 

On Figure B-i, extend a line between R = 165 and 
K = 0.33 and locate the point X on the turning axis. 
Now consider the following side slope configurations 
with different sets of conditions. 

Configuration 1 

(Assume maximum allowable* 
soil loss A = 15 T/acre.) 
Other design considerations 
require that no tolerance 
be permitted in either the 
length or steepness. 

Because of very stringent limitations, nothing can be 
done about the manipulation of the topographic factor, 
I.S. Necessary VM can, however, be provided if needed. 
Since an allowable soil loss value is given (A 
= 15 T/acre) enter this value as point E on the 
erosion potential scale of Figure B-i. Extending a 
line from X through E gives a maximum allowable LS 
value of 0.30. 

Now check for adequacy of the LS values on 
the graph for a 50 foot slope length and 4 percent 
slope angie in Figure 2-3. LS for this case = 0.30. 
As the LS available (0.30) is equal to that allowable 
(0.30), the slope configuration itself should provide 
adequate erosion control. However, provision of any 
VM will increase the factor of safety. If LS were not 
adequate, VM would have been required. 

Configuration 2 

(Assume maximum allowable* soil loss, A = 20 
T/acre.) 

A line drawn from point X through potential erosion 
value A = 20 (point F on Figure B-i) and extended to 
the LS scale defines a maximum allowable LS value of 
0.38. Suppose, in this configuration, that a 10 
percent flexibility is possible in the length-slope 
parameter. The actual LS value (determined from the 

*Allowable erosion at any given site may be 
specified by state or federal regulations, or by 
elected officials of local municipalities or agencies 
or of other interests. 
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graph, Figure 2-3) is found to be 0.71 which is 
higher than the maximum allowable value determined 
from Figure B-I (LS = 0.38). 	Taking advantage 
of 'the flexibility allowed, the configuration is 
changed to I = 85' and s = 6 percent which (from. 
Figure 2-3) gives a new value of LS = 0.62. 

This configuration change decreases the erosion 
potential but still does, not meet the allowable value 
determined from Figure B-I of LS = 0.38. Therefore, 
erosion control measures (VM) will be required. Using 
the water soil loss equation, the necessary amount of 
VM can be calculated. 

VM 	A 	- 	 20 	 - 
- R.K•LS - (165 x 0.33 x 0.62) -' 0.59 

One or more measures from Table 2-2 can be selected to 
supply the necessary additional protection. 

Configuration 3 

The slope length and steepness values are given 
and the erosion potential value is desired. The 
value of LS is determined from the graph, Figure 2-3, 
to be 1.8. This value is entered on the parallel 
scale nomograph, Figure B-I, and a straight line is 
drawn from this value to point X. Point G on this 
line indicates the potential erosion to be approxi-
mately 100 T/acre/year. 'If this amount is more than 
can be tolerated, 'the LS and/or VM factors must be 
manipulated to decrease it 'to the desired level, as 
explained previously. 

Note 1: LS values may be obtained also from Table 
C-l. 

Note 2: The above examples are intended only to 
illustrate the use of nomographs. Economic 
and other considerations have not been 
included. 
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APPENDIX C 

EXAMPLES OF WATER EROSION CALCULATIONS 

DETERMINATION OF LS 

Single Slopes 

The slope length and slope steepness factors were 
developed independently, but it is convenient to con-
sider them as a single unit in the soil loss equation. 
In the original equation (43, 53) the influences of 
slopes steeper than 20 percent were unproven. Before 
extending Wischmeier's curves to the steepnesses en-
countered in highway construction, field plot data for 
a number of steep slopes were obtained and data points 
from them were placed on projections of the slope 
steepness curve. It was found that the equation (56) 

65.41 2 

	

= 	
+ 	4.56 S 	

+0.065 . . (C-i) 
+ 10,000 	/2 

in which s is slope gradient in percent, expresses the 
relations between S factor and s reasonably well for 
slopes even greater than 50 percent (2:1). 	The slope 
length factor follows 'the relationship developed by 
Wischmeier (50) and modified by Wischnieier and Smif 
(56) which is 

L 	 .......... 	(C-2) 

in which 

	

Z = 	slope length in feet 
[0.2 for slope gradients of 0 to 1 percent 

0.3 for slope gradients of 1 to 3 percent 
m=0.4 for slope gradients of 3.5 to 4.5 percent 

0.5 for slope gradients greater than 5 
percent 

Combining the steepness and length factors gives the 
product LS. Therefore 

) (T2J.6  
LS (_65.41 2 
	

4.56 5 	
+ 0.065 

+10,000 /s2+io,000 

(C-3) 

Table C-i solves Equation C-3 for various values 
of 9. and s. The equation can be solved graphically by 
using Figure 2-3. 

Sensitivity of LS of Single Slope 
to Changes in Slope and Length 

Sensitivity of LS -to changes in slope and length 
may be demonstrated by the following exampFe using 
Table C-I. 	If the site calls for a fill slope 100 
feet long at a steepness of 1-1/2:1 (67 percent) the 
LS factor value is 26.68. Reducing the slope to 2:1 
(50 percent) wouid increase the length to 124 feet 
(increasing the exposed area by 24 percent), and a 

new LS factor value becomes 19.85. The erosion rate 
potential has thus been reduced to 74 percent of the 
original and the erosion amount to 94.7 percent. 
Further reducing the slope to 3:1 (33 percent) the LS 
factor value becomes 12.58 or 47 percent of the 
original. 	A 6:1 slope would reduce the LS value to 
5.60 or nearly 21 percent of the first design, but the 
slope length has now more than tripled to 339 feet and 
the total amount of erosion has reduced. to only 71.1 
percent of the original. 

LS 5.60 

LI.68 

LS Value 
Erosion 

Slope Length LS (Percent of 
Am ount 

(Percent of 
Original) 

Original) 

1-1/2:1 100 26.68 100 100 
2:1 124.5 19.89 74.55 92.82 
3:1 176 12.33 46.21 81.34 
6:1 338.6 5.60 20.99 71.07 

The sensitivity of LS factors to shortening of 
slope lengths on a fill slope while keeping the slope 
steepness constant can be illustrated with the follow-
ing example wherein the original total slope length 
is 1000 feet and the slope is 2-1/2:1 (40 percent). 
Slope segments are created by installing interceptor 
ditches across the slope. 

Erosion/ft Width 
Number of 	LS Factor of 	of Slope (tons/yr) 
Segments 	Each Segment (RKxLSxTotal Acres) 

1 at 1000 ft. ea. 40.01 RK x 0.9185 
2 at 500 ft. ea. 28.29 EX x 0.6494 
3 at 333 ft. ea. 23.07 R1( x 0.5296 
4 at 250 ft. ea.. 20.01 RK x 0.4594 
5 at 200 ft. ea. 17.89 RK x 0.4107 

Cutting the slope length in half cuts the erosion on 
each half by one-sixth and on the total slope by ap-
proximately one-third or to 70 percent of the 
original amount. 
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Table C-i. LS values.* 

Slope 
Gradi- Slope Length 	f" 	(ft.) 	(A = summation of 'f' segments) Slope 

Ratio ent 
S 

(%) 10 20 30 40 50 60 70 80 90 100 150 200 250 300 350 400 450 500 600 700 800 900 1000 

0.5 0.06 0.07 0.07 0.08 0.08 0.09 0.09 0.09 0.09 0.10 0.10 0.11 0.11 0.12 0.12 0.13 0.13 0.13 0.14 0.14 0.14 0.15 0.15 
100:1 1 0.08 0.09 0.1( 0.10 0.11 0.11 0.12 0.12 0.12 0.12 0.14 0.14 0.15 0.16 0.16 0.16 0.17 0.17 0.18 0.18 0.19 0.19 0.20 

2 0.10 0.12 0.14 0.15 0.16 0.17 0.18 0.19 0.19 0.20 0.23 0.25 0.26 0.28 0.29 0.30 0.32 0.33 0.34 0.36 0.37 0.39 0.40 
3 0.14 0.18 0.20 0.22 0.23 0.25 0.26 0.27 0.28 0.29 0.32 0.35 0.38 0.40 0.42 0.43 0.45 0.46 0.49 0.51 0.54 0.55 0.57 
4 0.16 0.21 0.25 0.28 0.30 0.33 0.35 0.37 0.38 0.40 0.47 0.53 0.58 0.62 0.66 0.70 0.73 0.76 0.82 0.87 0.92 0.96 1.00 

20:1 5 0.17 0.24 0.29 0.34 0.38 0.41 0.45 0.48 0.51 0.53 0.66 0.76 0.85 0.93 1.00 1.07 1.13 1.20 1.31 1.42 1.51 1.60 1.69 
6 0.21 0.30 0.37 0.43 0.48 0.52 0.56 0.60 0.64 0.67 0.82 0.95 1.06 1.16 1.26 1.34 1.43 1.50 1.65 1.78 1.90 2.02 2.13 
7 0.26 0.37 0.45 0.52 0.58 0.64 0.69 0.74 0.78 0.82 1.01 1.17 1.30 1.43 1.54 1.65 1.75 1.84 2.02 2.18 2.33 2.47 2.61 

12½:1 8 0.31 0.44 0.54 0.63 0.70 0.77 0.83 0.89 0.94 0.99 1.21 1.40 1.57 1.72 1.85 1.98 2.10 2.22 2.43 2.62 2.80 2.97 3.13 
9 0.37 0.52 0.64 0.74 0.83 0.91 0.98 1.05 1.11 1.17 1.44 1.66 1.85 2.03 2.19 2.35 2.49 2.62 2.87 3.10 3.32 3.52 3.71 

10:1 10 0.43 0.61 0.75 0.87 0.97 1.06 1.15 1.22 1.30 1.37 1.68 1.94 2.16 2.37 2.56 2.74 2.90 3.06 3.35 3.62 3.87 4.11 4.33 
11 0.50 0.71 0.86 1.00 1.12 1.22 1.32 1.41 1.50 1.58 1.93 2.23 2.50 2.74 2.95 3.16 3.35 3.53 3.87 4.18 4.47 4.74 4.99 

8:1 12.5 0.61 0.86 1.05 1.22 1.36 1.49 1.61 1.72 1.82 1.92 2.35 2.72 3.04 3.33 3.59 3.84 4.08 4.30 4.71 5.08 5.43 5.76 6.08 
15 0.81 1.14 1.40 1.62 1.81 1.98 2.14 2.29 2.43 2.56 3.13 3.62 4.05 4.43 4.79 5.12 5.43 5.72 6.27 6.77 7.24 7.68 8.09 

6:1 16.7 0.96 1.36 1.67 1.92 2.15 2.36 2.54 2.72 2.88 3.04 3.72 4.30 4.81 5.27 5.69 6.08 6.45 6.80 7.45 8.04 8.60 9.12 9.62 

5:1 20 1.29 1.82 2.23 2.58 2.88 3.16 3.41 3.65 3.87 4.08 5.00 5.77 6.45 7.06 7.63 8.16 8.65 9.12 9.99 10.79 11.54 12.24 12.90 
4½:1 22 1.51 2.13 2.61 3.02 3.37 3.69 3.99 4.27 4.53 4.77 5.84 6.75 7.54 8.26 8.92 9.54 10.12 10.67 11.68 12.62 13.49 14.31 15.08 
4:1 25 1.86 2.63 3.23 3.73 4.16 4.56 4.93 5.27 5.59 5.89 7.21 8.33 9.31 10.20 11.02 11.78 12.49 13.17 14.43 15.58 16.66 17.67 18.63 

30 2.51 3.56 4.36 5.03 5.62 6.16 6.65 7.11 7.54 7.95 9.74 11.25 12.57 13.77 14.88 15.91 16.87 17.78 19.48 21.04 22.49 23.86 25.15 
3:1 33.3 2.98 4.22 5.17 5.96 6.67 7.30 7.89 8.43 8.95 9.43 11.55 13.34 14.91 16.33 17.64 18.86 20.00 21.09 23.10 24.95 26.67 28.29 29.82 

35 3.23 4.57 5.60 6.46 7.23 7.92 8.55 9.14 9.70 10.22 12.52 14.46 16.16 17.70 19.12 20.44 21.68 22.86 25.04 27.04 28.91 30.67 32.32 
2½:1 40 4.00 5.66 6.93 8.00 8.95 9.80 10.59 11.32 12.00 12.65 15.50 17.89 20.01 21.91 23.67 25.30 26.84 28.29 30.99 33.48 35.79 37.96 40.01 

45 4.81 6.80 8.33 9.61 10.75 11.77 12.72 13.60 14.42 15.20 18.62 21.50 24.03 26.33 28.44 30.40 32.24 33.99 37.23 40.22 42.99 45.60 48.07 
2:1 50 5.64 7.97 9.76 11.27 12.60 13.81 14.91 15.94 16.91 17.82 21.83 25.21 28.18 30.87 33.34 35.65 37.81 39.85 43.66 47.16 50.41 53.47 56.36 

55 6.48 9.16 11.22 12.96 14.48 15.87 17.14 18.32 19.43 20.48 25.09 28.97 32.39 35.48 38.32 40.97 43.45 45.80 50.18 54.20 57.94 61.45 64.78 

1:1 57 6.82 9.64 11.80 13.63 15.24 16.69 18.03 19.28 20.45 21.55 26.40 30.48 34.08 37.33 40.32 43.10 45.72 48.19 52.79 57.02 60.96 64.66 68.15 
60 7.32 10.35 12.68 14.64 16.37 17.93 19.37 20.71 21.96 23.15 28.35 32.74 36.60 40.10 43.31 46.30 49.11 51.77 56.71 61.25 65.48 69.45 73.21 

1½:1 66.7 8.44 11.93 14.61 16.88 18.87 20.67 22.32 23.87 25.31 26.68 32.68 37.74 42.19 46.22 49.92 53.37 56.60 59.66 65.36 70.60 75.47 80.05 84.38 
70 8.98 12.70 15.55 17.96 20.08 21.99 23.75 25.39 26.93 28.39 34.77 40.15 44.89 49.17 53.11 56.78 60.23 63.48 69.54 75.12 80.30 85.17 89.78 
75 9.78 13.83 16.94 19.56 21.87 23.95 25.87 27.66 29.34 30.92 37.87 43.73 48.89 53.56 57.85 61.85 65.60 69.15  75.75 81.82 87.46 92.77 97.79 

1¼:]. 80 10.55 14.93 18.28 21.11 23.60 25.85 27.93 29.85 31.66 33.38 40.88 47.20 52.77 57.81 62.44 66.75 70.80 74.63 81.76 88.31 94.41 100.13105.55 
85 11.30 15.98 19.58 22.61 25.27 27.69 29.90 31.97 33.91 35.74 43.78 50.55 56.51 61.91 66.87 71.48 75.82 79.92 87.55 94.57 1OL09 107.23113.03 
90 12.02 17.00 20.82 24.04 26.88 29.44 31.80 34.00 36.06 38.01 46.55 53.76 60.10 65.84 71.11 76.02 80.63 84.99 93.11 100.57107.51 114.03120.20 
95 12.71 17.97 22.01 25.41 28.41 31.12 33.62 35.94 38.12 40.18 49.21 56.82 63.53 69.59 75.17 80.36 85.23 89.84 98.42 106.30113.6/ 120.54 127.06 

1:1 100 13.36 18.89 23.14 26.72 29.87 32.72 35.34 37.78 40.08 42.24 51.74 59.74 66.79 73.17 79.03 84.49 89.61 94.46 103.48 111.77 119.4 126.73 133.59 

* 
Calculated from Equation 2-3 

LS 
= _65.41 s2  + 	4.56 a 	

+ 0. 06 5 
10,000 	/2 10,000 	

) (f)m 



The reader should remember that erosion poten-
tial, or the RKLS value, is a rate and must be 
multiplied by an area to determine total erosion 
amount. The LS value reduces with length in the same 
proportion as the total erosion amount, however, and 
therefore may be used to indicate effectiveness of 
length reduction. 

o 

00,  

00. 

00,  

00,  

LS:40.OI 	LSr28.29 	LS:17.89 

Multiple Slopes 

The soil loss equation is based on the assumption 
that the sediment load carried by the runoff is 
limited only by the amount of material detached and 
not by the capacity of the water to carry the detached 
material. 	Under this assumption the. Sediment load 
increases as the water moves downslope and the runoff 
from the upper slope adds to the rainfall on the lower 
s'lope and thus increases the erosion rate on the 
lower slope. Where more than one slope is involved it 
is not sufficient to just average the steepness and 
use the total length to arrive at an LS factor. To 
obtain an LS which accounts for the effect of the 
upper slopes the following method devised by Foster 
and Wischmeier (31, and personal communication) may be 
used. The nomenclature has been modified for use in 
this manual. 

LS=([(L S )A - (L S )A + [(L S )A A1 s 	A0 i  0 	A2 2 2 

- (L A1 2  1 	A3  S )A ] + [(L S5)A3 - (Lx S )A  2]  

+... [LA S5  )A n - (L A
n l Sn 

S )A fl_ i ]}I(hl +9.2  

+9.3  ..* i n ) . 	. 	. 	. 	. 	. 	. 	. 	. 	. (C-4) 

in which 

L 	= length factor for slope segment n 
= (9./72.6) 	. . . . . . . . (C-5) 

Xn = length of slope segment n 
(0.2 for slope gradient of 0 to 1 percent 

0.3 for slope gradient of 1 to 3 percent 
m 

	

	= 	0.4 for slope gradient of 3.5 to4.5 percent 
0.5 for slope gradients greater than 5 
percent 

S 	= slope factor for slope segment n 

65.41 s 2 	4.56 s 

= 2 	' + 	+0.065 
+ 10,000 	) Sn2  + 10,000 

. . . . . . . . (C-6) 

Sn  = slope gradient in percent of segment n 
An = the sum of the slope segment lengths from 

the top of the slope to the bottom of slope 
segment n 

To illustrate the procedure for calculating LS 
values when multiple slopes exist, assume the 140-foot 
convex slope represented by Curve A in Figure C-i. 
The upper segment is 100 feet at 5:1 (20 percent) 
gradient, the second is 40 feet at 3:1 (33 percent). 
The parts can be labeled thus: 

sl  = 20%, Pi = 100 ft., A1 = 100 ft. 
= 33% 	92 = 40 ft., A2 = 140 ft. 

To determine LS for the combined slope, use Table 
C-i and the above values of s, 9., and A. Enter 
appropriate values into Equation C-4 as follows: 

LS = [(4.08)100-0]+[(11.16)140-(9.43)100] 
100+40 

= ([408 - 01 + [1562- 943])/140 
= (408 + 619)1140 
= 7.33 

Problem Example No. 1 

To keep track of the various slopes, lengths 
and LS values it is helpful to arrange them in an 
orderly tabular form. This is illustrated by the 
form in Table C-2 and the compound slopes in Figure 
C-i. From Curve B, a convex slope, the values to be 
inserted in the table are: 

Col. 1 	Col. 2 	Col. 3 	Col. 4 	Col. 5 

n=i 	s, = 5% 	z i  = 175 	A1  = 175 	A0  = 0 
n=2 	S2 = 8% 	Z2 = 125 	A2  = 300 	A1  = 175 
n=3 	s3  = 11% 9. 3 =.  100 	A3  = 400 	A2  = 300 

The next step is to determine the respective LS 

	

values from Table C-i. 	Start with the upper slope, 
segment No. 11  s = 5 percent and enter Table C-i. 
Read values for A1  and A0,  (175,0); thus LA1  S = 
0.71 and LAOS1 = 0. 	Enter these values in Cols. 6 
and 7, Table C-2. Now proceed to segment No. 2, s2 = 
8 percent, and read LS values under columns for A2, 
A 1, (300,175). 	Thus LA2 2 = 1.72 and LA1  S2  = 1.31. 
Enter these figures in Col. 6 and Col. 7. The third 
step is to proceed to segment No. 3 and repeat the 
process. 	Read values for 53  = ii percent under A3, 
A 2 1 

(400,300), thus LA3S3 = 3.16 and LA2S3 = 2.74. 
Enter these values in Table C-2 under Col. 6 and Col. 
7 which should now read: 

	

Col. 6 	Col. 7. 

	

0.71 	0 

	

1.72 	1.31 

	

3.16 	2.74 

Since these values represent a rate of eioeion 
per unit area it is necessary to convert to an amount. 
This is done by multiplying each LS value by an area 
which is A feet long and 1.0 foot wide. In our 
example we now multiply each value in Col. 6 (LS) by 
the value in Col. 4 (A n) and enter the product into 
Col. 8. Likewise, we multiply the values in Col. 7 by 
the values in Col. 5 and enter into Col. 9. We then 
subtract these two numbers for each segment and enter 
in Col. 10. Our table now looks like this: 
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Col. ii 	Col. 12 	Col. 13 

16010 

to P 

	

0.71 	124.2 	0.71 

	

2.29 	411 	 1.37 

	

4.42 	853 	 2.13 

The overall LS for the compound slope in curve 

	

B, Figure C-I, is 2.13. 	It 	is this value that is to 
be used in the erosion equation to calculate the rate 
of erosion in tons per acre per year. 

A = R•K•LS = R•K(2.13) 

Problem Example No. 2 

The reader should now try to determine the LS 
values for the concave slope in curve C, Figure C-I. 
The essential numbers to begin inserting in Table C-2 
are: 

si = i ' 	yl =  '100, 	A1...  100', 	A0  = 0 
2 = 8%, 	12 = 125, 	A2 = 225', 	Al = 100 
s3  = 5%, 	= 175, 	A3 = 400', 	A2  = 225. 

Confirm that the overall LS value is 1.61. What are 
the other two cumulative LS values? (Solution is 
given as example No. 2, Table C-2.) 

/ 

CURVE A. GENERAL HIGHWAY CROSS-SECTION 
Cut on rlQht with two slopes 

Effect of Ditches or Berms '(Examples Nos. 3, 4, 5) 

CURVE B. CONVEX SLOPE 

ji 

5010 

CURVE C. CONCAVE SLOPE 

Figure C-i. Typical slopes used to illustrate com-
putational procedure for LS. 

Col. 8 	Col. 9 	Col. 10 

124.2 	 0 	 124.2 
516 	 229.2 	286.8 
1264 	 822 	 442 

We are now ready to find the effective LS values 
for the compound slope. 	This is done by dividing 
each value in Col. 10 by the length of the segment 
Col. 3 and entering the result in Col. 11. But since 
we are really interested in the cumulative affect of 
each slope segment it is more meaningful to accumulate 
the totals in Col. 10, which values are then entered 
in Col. 12. These values are divided by the A values 
in Col. 4, and the results entered into Col. 13. Col. 
13 contains the cumulative LS values for the compound 
slope. Our table now looks like this: 

The erosion rate can be reduced by reducing the 
LS factor. One effective way of doing this is by 
constructing a diversion ditch or berm to prevent the 
flow of water from an upper slope from entering the 
lower slope. Calculations to demonstrate this effect 
are shown in examples 3, 4, and 5 in Table C-2 using 
the cross section shown as Curve A in Figure C-I but 
with interceptor ditches constructed as indicated. 
Note that in example 4, the ditch converts a compound 
slope into two single slopes and thus simplifies the 
calculations. LS values for each single slope can be 
read directly from Table C-i. In example 5, a com-
pound slope still exists and must be calculated as 
such. 

In these particular examples, placing a ditch at 
the top of the lower slope reduces the potential 
erosion amount to 63 percent of that without a ditch. 
Placing the ditch part way up on the upper slope, so 
as to divide the total slope into 2 equal lengths 
decreases the rate to 68' percent. 

CALCULATING EROSION POTENTIAL A 

Table C-3 is used to calculate the erosion rate 
potential and illustrates the procedures used when the 
soil erodibility factor K, varies within a cut slope, 
or to determine the change in erosion rate potential 
at different times of the year due to changes in the 
rainfall factor R. Table C-3 is also a convenient way 
of determining the effectiveness of different erosion 
control practices and the VM factor. 

To use the table, first sketch the cross-section 
of the construction site being studied and number 
the slopes consecutively, from top to bottom. 	Use 
Tables C-1 and C-2 to calculate the LS values and LSA 
values for each slope or compound slope, and transfer 
these values to Col. 4 and Col. 5 of Table C-3. The 
rainfall factor R is entered in Col. 6 and the soil 
erodibility factor K is entered in Col. 7. The 
erosion rate potential can now be calculated by 
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Table C-2. Computational form and examples of determining LS for compound slopes. 

1 2 3 4 5 6 	 7 8 	 9 10 11 12 13 

Sum of Slope Sum of Slope LS Values LSX Values Subtract 
Slope Length 

Lengths Above Lengths Above Enter Table C-i with 
LS  Col. 	(8) 

LS 
Slope of of Lower End of Upper End of Slope(s) from Col. 

Multiply Each LS Value - Col. Values for Accumula- Cumulative 
Segment Segment Segment 

the Segment the Segment (2), Read LS Values from Col. 	(6) and Col. 
(9) 	to 

Individual tive LSA Effect as 
of of of 

of Interest of Interest for Lengths Given in (7) by Appropriate A Get the 
Slope Seg- Values Sediment 

(LX Ss )Xn  (Lx(_1)Ss ) Interest Interest Interest 
A A Cols. 	(4) 	and (5) 

ments for Cam- Moves 
n  n-i 

LSX 
Col. 	(10)! bined Down _ 

(LXnSSn)  
n 5 

n 9. 
ft. ft. Col. (6) X 'n-i 

Values 
for Cam- Col. 	(3) Slopes Slope 

ft. 
A(n_1)sn 

Col. 	(4) Sum of Col. 	(12)! 
Col. 	(7) 	x bined 

Col. 	(10) Col. 	(4) 
Col. 	(5) Slope • Example No. 1. 	Fig. C-i, Curve 1 

0.71 	0 	124.2 1 5 175 175 0' 0 	124.2 0.71 124.2 0.71 
2 8 125 300 175 1.72 	1.31 	516 	, 229.2 	286.8 2.29 '  411 1.37 
3 11 , 	100 400 300 3.16 	2.74 	1264 822. 	442 4.42 853 2.13 

From Figure C-i 
LS 	2.13 - 

-I 
CURVE B. CONVEX SLOPE 

Example 1 	.2. 	Fig. 	-i, Curve C 

1.58 	0 	- 158 1 ii 100 100 0 0 	158 1.58 158 1.58 
2 8 125 225 100 1.49 	0.99 	335 99 	236 1.89 394 1.75 
3 5 175 400 225 1.07 	0.80 	428 180 	248 1.42 642 1.61 

00 

® ®tCIj  

From Figure C-i 
C  

CURVE C. CONCAVE SLOPE 

Example Na Example 

1 20 100 100 0 4.08 	0  0 	408 - 4.08 408 4.08 

2 33 40 140 100 

	

3. 	Fig. C-i, CurT408 

	

11.16 	9.43 62 943 	619 15.48, 1027 7.33 

From Figure C-i 

CURVE A. 	GENERAL HIGHWAY CROSS.SECTION - - CUt On right with two slopes 	- 



Table C-2. Continued. 

1 2 3 4 5 6. 	7 8 	 9 10 11 12 13 

Slope L 	h engt 
Sum of Slope Sum of Slope LS Values LSA Values Subtract 

LS LS Lengths Above Lengths Above Enter Table C-i with . Col. 	(8) Slope of of Lower End of Upper End of Slope(s) 	from Col. Multiply Each LS Value - Col. Values for Accurnula- CumulativE 
Sernent Segment Segment 

the Segment the Segment (2), Read LS Values 
from Col. 	(6) and Col. 

(9).to 
Individual tive LSA. Effect as 

of of of 
of Interest of Interest for Lengths Given 	n i (7) by Appropriate A 

Get the 
Slope Seg- Values Sediment 

(Lx S 	)A (Lx(l)SS) 
Interest Interest Interest 

An A 1  Cols. 	(4) 	and 	(5)  LSA 
ments for Corn- Moves 

Values 
Col. 	(10)! bined Down 

(LASs) (LA(  l)SS) 
Sn ft. ft. Col. (6) x An..1 Col. 	(3) Slopes Slope 

ft. . Col. 	(4) 
for Corn 

Sum of Col. 	(12) Col. 	(7) x bined 
Col. 	(5) Slope 

Col. 	(10) Col. 	(4) 

Example 1. 4. 	Fig. 	C- ,Curve A, Intercept r Ditch at Point of Chan e in Slop 

1 20 100 100 0 4.08 	 408 

2 33 40 40 0 5.96 	 238 

0. 

Ditch 

Example o. 	5. 	Fig. 	C- ,Curve 	,Interceptr Ditch at Midpoint of T tal Slope 

1 20 70 70 0 3.41 	 239 - - - 

2 20 30 30 0 2.23 	0 	 67 0 67 2.23 67 2.23 

3 33 40 70 30 7.89 	5.17 	552 155.0 397.0 9.92 	. 464.0 6.62 

TO 

o, 20db0  
- 

'40
Interceptor !NZI Ditch - 



performing the necesary multiplication, R.K•LS. 
This value is a rate and must be changed to an amount 
before summing. This is done by multiplying the 
A values by 	A/43560 which gives A2, a value in 
tons per year per foot of width of slope. 

erosion control measures. Better values are expected 
to be obtained as experiences and research extend 
knowledge in this area. 

DETERMINING EROSION AT A SPECIFIC SITE 

Soil Erodibility Factors 

The soil erodibility factor, K, may vary sub-
stantially from the upper to the lower part of a 
slope. 	This is particularly likely for constructed 
slopes that cut through successive soil horizons. 
When differences in slope steepness are associated 
with differences in soil along an irregular slope, 
accuracy of sediment prediction is improved by com-
bining the two variables on a segmental basis. 

Suppose that in the preceding illustration 
example No. 1, Table C-2, for the convex slope the 
upper 175-foot segment was on a soil horizon for which 
K = 0.49 and the other two segments on a horizon for 
which K = 0.32. The LS.A values in the computation 
would have been multiplied by the corresponding K 
values before summing. 	This can be illustrated by 
entering the LSA values from Col. 10, Table C-2, into 
Col. 5, Table C-3, multiplying by R and K, (assume 
R = 165) and dividing the product by 43,560. 

124.2 x 165 x 0.49 	43,560 = 0.23 
286.8 x 165 x 0.32 	43,560 = 0.35 
442 	x 165 x 0.32 	43,560 = 0.54 ton/ft 

The sum is 	 1.12 ton/ft 

Had the two K values been reversed in their 
positions on the slope, the predicted soil loss would 
have been 1.32 T/ft. (See example No. 2, Table C-3.) 

Rainfall Factor 

The rainfall factor, R, is usually given in 
terms of a time period of one year. Construction 
schedules vary and therefore the R values for the 
particular time of year and length of construction 
period must be known. R values for periods of time 
less than one year can be determined from the ap-
propriate distribution curves, Figures 5-4, 5-5, 
and 5-6. The annual R value is determined from the 
isoerodent maps, Figures 5-1, 5-2, and 5-3. 

To illustrate this consider the following ex-
ample of a construction site in the northwestern 
corner of Missouri. From the iso-erodent map which 
includes Missouri (Figure 5-1), it is determined that 
the annual R = 165. Using the map of erosion index 
distribution curves (Figure 5-4) one may determine the 
distribution of the erosive energy of storms through-
out the year. For NW Missouri, use Table 31 of Figure 
5-4 to calculate this distribution. This is shown in 
tabular form in Table C-4. 

These monthly R values can now be entered into 
Table C-3 to be used with the LS and K values to com-
pute the erosion rate A. 

Erosion Control Factor '/N 

An erosion control measure used effectively re-
duces the potential erosion rate, A, by the factor VM. 
Because most erosion control measures take time to 
implement, and become more effective with time, they 
should be evaluated on a time basis. Values of VM 
can be taken from Table 2-2 (see manual) for some 

Introduction 

Six general highway cross-sections are identified 
by number in Figure C-2. These, or slight variations 
of them, may be considered as erosion source area 
configurations during the construction of any highway. 
The example that follows uses the soil loss equation A 
= RK•LSVM and refers to cross-section number 1, but 
the same procedures would apply to any of the other 
five. The geographical area selected is the north-
western corner of Missouri on a soil with a K value of 
0.30, and it is assumed that K values are the same for 
all cross-section segments. The rainfall factor, R, 
is chosen as 165 on an average annual basis and the 
monthly distribution of R is as shown in Table C-4. 
This has been calculated from Curve No. 31 of Figure 
5-4. The construction period is selected as 12 months. 

The example is purely hypothetical and is pre-
sented solely to illustrate calculation procedures. 
It assumes that all highway engineering structures 
such as ditches, downdrains, energy dissipators, etc., 
are adequately designed and function properly. 

The basic conditions for this cross-section (see 
Figure C-2, No. 1) are tabulated below: 

Annual Segment 
K- K- Length, Slope 

Segment Value Value ft. 1 

Upper Slope (A) 165 0.30 100 20 
Cut Slope (B) 165 0.30 40 33 
Outside Shoulder (C) 165 0.30 25 10 
Roadbed (D) 165 0.30 350, 3 
Median (K) 165 0.30 40 8 

A and B Segments 

Total slope length is 140 feet up to a stand of 
native hardwoods and brush. No runoff is expected 
from this area. 	Both slopes were completely bared 
during the construction period. The time from grub-
bing and clearing to final shaping was three months. 
The bare soil condition at the end of final shaping is 
described as bulldozer compacted, scraped across the 
slope. As soon as final grading was complete the A 
and B segments were covered with topsoil, and seed 
and fertilizer were applied. The seeded area was 
straw mulched--punched into the soil across the slope. 
No grass growth is expected for four months (late fall 
seeding), and an established permanent grass cover is 
expected to take an additional three months (seven 
months total from date of seeding). 

1Average distance between roadbed cross drains; 
roadbed width is 70 feet for each direction, 140 feet 
total. 

2Each half of the median is 40 feet wide, total 
width is 80 feet. 
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Table C-3. Computational form to determine A and examples shoving varying soil erodibility factor K. 

2 3 4 5 6 7 8 9 10 11 12 

A2  

A 
RKLSA/ V11 A 

1 43560 3 

Length,, 2., LSA R K R.K.LS Tons Per From Table RKLSVM 

for Single From Col. From Figs. Tons Per Year Per 22 • or Col; 

Slopes 
LS 

From Col . 
(10) or (12) 

From Fi 
51, 

5-8 Year Per Foot of. Figs. 	2-4, (9) 	X k 	h & Notes etc Segment Time Length, 	A, Table C-2 or Acre Slope 2-5, 	2-6, Col. 
No. Period 

for Corn- 
(11) 5-9 Col. 	(4) Width 2-7, 	2-8, (10) 

pound 
Table C-2 or .x Col. Col. (5) - 

Slopes 
53 (6) x x Col. 

Col. 	(7) (6) x 
Col. (7)! 
43560 

Example No. 1. 	Two d fferent soill erodibil ty factor (K) in a slope  

1 1 year 175 0.71 124.2 165 0.49 0.231 . 

2 1 year 300 2.29 286.8 165 0.32 0.348 - 75' K'O.49 
3 1 year 400 4.42 442 165 0.32 0.536 

1.115 

Example No. 2. 	Soil erlodibility f actors revarsed 

165 0.32 0.151 1 1 year 175 0.71 124.2 

2 1 year 300 2.29 2'86.8 165 0.32 0.348 . 	9;,75• 	Km 032 

3 1 year 400 4.42 442 165 0.49 0.820 
.3 

-.4 



Table C-4. Annual distributiona  of erosion index R 
In.  northwest Missouri. 

Percent 	 R-factor 

Months 
Per 
Month 

Cumulative 
. 

Per 
Month  

Cumulative 

January 1 1 1.65 1.65 
February 1 2 1.65 3.30 
March 1 3 1.65. 4.95 
April 4 7 6.60 11.55 
May 12 19 19.80 31.35 
June 28 47 46.20 77.55 
July 18 65 29.70 107.25 
August 17 82 	' 28.05 135.30 
September 11 93 18.15 153.45 
October '5 98 8.25 161.70 
November 1 99 1.65 163.35 
December 1 100 1.65 165.00 

100 165.00 

aFrom distribution curve No. .31, Figure 5-4. 

Erosion Control Schedule 

 Bare soil, no erosion controls 	3 months 
 Straw mulch 4 months 
 Early grass growth, with mulch 	3 months 
 Established permanent grass 	2 months 

VM Factors 
VM 

Description of Source of Factor 
Factor Value Value 

 Bare soil, bulldozer Table 2-2 1.20 
compacted scraped 
across slope 

 St.raw mulch, punched Figure 2-5 0.01 
in, across slope, •2.5 
tons/acre' . 

 Early grass growth Use mulch value 0.01 
with mulch described 
in number 2 

 Established permanent Table 2-2 0.01 
grass 

C Segment 

This segment is the outside road shoulder, 25 
feet long and 10 percent slope. 

The outside road shoulders were not treated for 
erosion control until the roadbed was at final grade, 
seven months after the area was grubbed and cleared. 
During this seven-month period the bare soil is 
described as rough and irregular, tracked all direc-
tions. At the end of 7 months the outside shoulders  

were treated for erosion control by applying grass 
seed, ,fertiizers, and blown straw. Grass growth is 
expected within'lO days; established grass stands are 
expected to take four months. 

Erosion Control Schedule 

Bare soil, no erosion control 	7 months 
Seed, fertilizer, straw 	 5 months 

VM Factors 
VM 

Description 	 Source 	Factor 
of Factor 	 of Value, 	Value 

Bare soil, bulldozer Table 2-2 0.90 
irregular, tracked all 
directions 
Straw, mulch, blown on, Figure 2-4 1.0 
not anchored, 1.0 tons/ac. 
Early'grass growth, Table 2-2 0.40 
4 months growth 
Established permanent grass Table 2-2 0.05 

Number 2, straw mulch, not anchored, at 1.0 
ton/ac. is slightly underdesigned; the minimum design 
rate is'1.31 tons/ac. (See Figure 2-4 for R.K.LS 
value of 30.) 

From research results reported in the literature 
it was noted that mulches, had apparent VM factor 
values commonly around 0.01 until R.K.LS factor 
values exceeded a certain critical level,' at which 
time the mulch partially failed. Any quantity of 
mulch less than the amount needed to provide this 
"critical" protection would have a high risk of fail-
ure and may thus be wasted. 

Based on these observations Figures 2-4, 2-5, 
2-6, and 2-7 have been prepared. Curves on these 
figures represent critical RKLS values and mulch 
amounts. VM values to right of the curves are 0.01. 
%/N values to 'the left of. the curves are 1.0, which 
means the mulch is ineffective in the amount used. 

D Segment 

This segment consists of the two roadbeds. The 
roadbed erosion, unlike the erosion on the other seg-
ments of the cross-section, is calculated along the 
length of the roadbed, i.e., normal to the cross-
section. No erosion control measures were used. 
Therefore, for both roadbeds, the potential soil loss 
equals the expected soil loss, Al . A2, or VM = 1.0. 

E Segment 

This is the median strip. 

'With R.KLS equal to 385, Figure 2-5 indicates 
a minimum design mulching rate of about 2.5 tons/ac. 
Rates at or in excess of the minimum have VM values of 
0.01. 

The median was not, treated for erosion control 
until the roadbed was at final grade, ' seven months 
after the area was grubbed and cleared. The bare soil 
condition is described as rough and irregular, tracked 
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General highway cross-section No. 1--cut on right, with two slopes. 	 General highway cross-section No. 4--level section. 

1 0
1  

G 	

F 	

'S 

General highway cross-section No. 2- embankrnent on left and cut on right. with 	
General highway cross-section No. 5--section in embankment: 

two slopes. 	 - 

/G 	 C 	 C 

General highway cross-section No. 3-embankment on left, with two slopes. 	
General highway cross-section No. 6--section 	cut. 

Figure C-2. General highway cross-sections. 	 . 



Table C-5. Erosion at a specific construction site - determining LS and LSA. 

1 2 3 4 5 6 	 7 8 	 9 10 11 12 13 

Slope Length Sm of Slope Sum of Slope LS Values LSA Values Subtract 
Slope of of 

Lengths Above Lengths Above Enter Table C-i with Col. 	(8) LS LS 

Segment Segment Segment Lower End of Upper End of Slope(s) 	from Col. Multiply Each LS Value - Col. Values for Accumula- Cumulative 

of of the Segment the Segment (2), Read LS Values from Col. 	(6) and Col. 
(9) 	to 

Individual tive LSA Effect as 

Interest Interest Interest of Interest of Interest for Lengths Given in (7) by Appropriate A 
__________ ____________ 

Get the 
Slope Seg- Values Sediment 

(LASS )A (LA(n_i)SSn) An An_i Cols. 	(4) 	and (5) LSA ments for Corn- Moves 
n s Col. 	(10)! bined Down 

(L 	Ss ) An 	n (LA(n 1)SS  ) - 	n ft. ft. Col. (6) X An_i 
Values 

for Com- Col. 	(3) Slopes Slope 
ft. Col. 	(4) 

Col. 	(7) 	x bjned Sum of Col. 	(12)! 

Col. 	(5) Slope Col. 	(10) Col. 	(4) 

AB 20 100 100 0 4.08 0 408 0 408 4.08 4.08 4.08 
33 40 140 100 11.16 9.43 1562 943 619 15.48 1027 7.33 

Ca 10 25 25 0 0.68 17.0 

3 350 350 0 0.42 147.0 

Ea 8 40 40 0 0.63 25.2 

a 
Two slopes - multiply LSA by 2. 

bDistance between drains indirection of slope - roadway.width is 70 ft. each 



Table C-6. Erosion at a specific construction site. Cut slope AR - compound slope; segment C - outside shoulders; segment D - roadbed; segment 
E - median strip. 	 - 

2 3 4 5 6 7 8 9 10 11 .12 

A2  

A 1 RKLSA/ VM  A 
43560 3 

Length, 	9., LSA R K R•K.LS Tons Per From Table RKLSVM 
for Single 

LS From Col. From Fig. . From Fig. Tons Per Year Per 2-2 or Col. 

Segment Time Slopes 
From Col. 

(10)or 	(12) 
5  5-8 

Year Per Foot of Figs. 	2-4, (9) X 
Sk 	& etch 	N otes 

No. Period Length, 	A, 
(11) 

Table C-2_ 5:1, 
2. Acre Slope 2-5, 	2-6, Col. 

for Corn- 
Table C-2 or Col. 	(4) Width 2-7, 	2-8, (10) 

pound . 
53 . xCol. Col. (5) 2-9 

-. 

Slopes (6) 	x x Col. 
Col. 	(7) (6) 	x 

Col. (7)! 
43560 

9. 	too 

AB Sept. 1027 18.15 0.30 0.128 1.20 - 0.154 100, s 
	= 20% oo. 	 1 

kt  Oct. 1027 8.25 0.30 0.058 1.20 0.070 - 40 	= 337 
I 	2 - 	' 	S2  

Nov. 1027 1 .65 0.30 0.012 1.20 0.014 Bare soil--bulldozer compacted 
scraped across slope 

Dec. . 1027 1.65 0.30 0.012 	- 0 

--- 

Straw mulch applied--punched Jan. 1027 1.65 0.30 0.012 0.01 0 in across slope--2.5 tons per 
Feb. 1027 1.65 0.30 0.012 0.01 0 acre 
Mar. 1027 1.65 0.30 

--------------------------------------------------------------------------------------------------------------------------- 
0.012 0.01 0 

Apr. 1027 6.60 0.30 0.047 0.01 0.0005 Early-grass growth 
May 1027 19.80 0.30 0.140 0.01 0.0014 

June 1027 46.20 0.30 0.327. 0.01 0.0033. Established, grass 
July 1027 29.70 0.30 0. 210 0.01 . 	0.0021 
Aug. 1027 28.05 0.30 0.198 .0_.01 0.0020 - 

0.0247 Total 165.0 - 1.168 0.21 

C Sept. 25 0.68 17.0- 18.15 0.30 0.0021 0.90 0.0019 125 Oct. 8.25 0.00-10 0.90 0.0009 
_... 

\" 	slO% Nov. 1.65 - 0.0002 0.90 0.0002 

Dec. .1.65 0.0002 0.90 0.0002 Bare soil, bulldozer irregular Jan. 1.65 0.0002 0.90 0.0002 Tracked all directions Feb. 1.65 0.0002 0.90 , - 	0.0002 
Mar. 1.65 0.0002 0.90. 0.0002 

Apr. 6.60 0.0008 0.40 - 	0.0003 Early grass growth May 19.80 0.0023 0.28 0.0006 Grass growth 2 months 
June - . 46.20 0.0054 0.16' 0.0009 Grass growth 3 months J1J.y 
Aug. _ 0.05 	:0.0002 Gg4months 

Total 

- 
28.05 
22.dO-- il-OK-0035 

0033 
- 

0.01 	- 0 Established grass 
0.0058 - 165.0 0.0192 0.30 - 



Table C-6. Continued. 

2 3 .  4 5 6 7 8 9 10 11 12 

A2  

A1 RKLSA/ VM A 
43560 3 

Length, 	f, LSX R K R.K.LS Tons Per From Table RKLSVM 
for Single LS From Col. From Fig. From Fig. Tons Per Year Per 2-2 or Col. 
Slopes, (10) 	or (12) Year Per Foot of Figs. 	2-4, (9) 	x Segment m Ti e 

Length, 	X, 
From Col. Table C-2 5-1, 5-8 Acre Slope 2-5, 	2-6, Col. Sketch & Notes 

No. Period 
for Corn- 

(11) 5-2, 
Col. 	(4) Width 2-7, 	2-8, (10) 

pound 
Table C-2 or x Col. Col. (5) 2-9 

Slopes 5-3 
(6) 	x x Col. 
Col. 	(7) (6) 	x 

Col. (7)! 
43560 

D 140' 0.42 58.8 - 
See Note - 	-- 

Sept. in . 18.15 0.30 
Oct. Col, 	12 . 8.25 0.30 
Nov. 1.65 0.30 
Dec. 1.65 0.30 
Jan. 1.65 030 . 
Feb. 1.65 0.30 
Mar. . 1.65 0.30 

Note: 	The slope length, £ = 

Apr. 6.60 0.30 350', is used to compute LS, 

May . 19.80 0,30 but to determine the amount of 

June 46.20 0.30 erosion per foot of width of 

July 29.70 0.30 
cross-section, 	the width 70' 

Aug. 28.05 0.30 
(or 2 x70 for two rbadbeds) 
must be used to compute LSA. 

0.067 Total . 165.0 1.0 0.067 No erosion control measures 
were used. 	VM = 1.0. 

E Sept. 40 0.63 25.20 18.15 0.30 0.0026 0.90 0.0027 No erosion control 
Oct. 0.63 25.20 8.25 0.30 0.0014 0.90 0.0013 bare soil, rough 
Nov. 0.63 25.20 1.65 0.30 - 	0.0003 0.90 0.0003 and irregular,  

Dec. 0.63 25.20 1.65 0.30 0.0003 0.90 0.0003 Tracked in all 
Jan. 0.63 25.20 1.65 0.30 0.0003 0.90 0.0003 directions 
Feb. 0.63 25.20 1.65 0.30 0.0003 0.90 0.0003 
Mar. 0.63 25.20 1.65 0.30 

-------------------------------------------------------------------------------------------------------------------------- 
0.0003 0.90 0.0003 

Apr. 0.63 25.20 6.60 0.30 0.0011 0.01 0.0000 Seeded, fertilized, blown 
May 0.63 25.20 19.80 0.30 0.0034 0.01 0.0000 straw 
June 0.63 25.20 46.20 0.30 0.0080 0.01 0.0001 

July 0.63 25.20 29.70 0.30 0.0051 . 0.0001 
Permanent grass 	

use 	0.06 Aug. 0.63 25.20 28.05 0.30 0.0049 0.01 0.0000 0:0056 x 2 = 	0.0112 	use '0.01 
Total ' 0.0280 0.20 0.0057 



all directions. At the end of seven months the median 
was treated for erosion control with grass seed, 
fertilizer, and blown straw. Grass growth is expected 
within 10 days; established grass stands are expected 
to take four months. 

Erosion Control Schedule 

Bare soil, no erosion controls 	7 months 
Seed, fertilizer, blown straw 	5 months 

'.711 Factors 
VM. 

Description Source Factor 
of Factor of Value Value 

Bare soil, rough and Table 2-2 0.90 
irregular, tracked all 
directions 
Straw mulch, blown on, not Figure 2-4 0.01 
anchored, 1-1/2 ton/ac. 
Early grass growth, 4 Table- 2-2 0.05 
months growth ' 	 - 
Established permanent grass Table 2-2 	0.01 

Number 2 is more than the design minimum of 1.23 
tons/acre, Figure 2-4. Therefore the 'IN value is 
0.01. 

The tabular method of calculating the LS values 
and determining the effect of timing and erosion con-
trol methods is used, utilizing the forms shown in 
Tables C-2 and C-3. The reader is referred to Tables 
C-S and C-6 for these computations and to the notes 
affixed to each table. 

The total amount of eroded material which could 
potentially leave the construction site is shown in  

the summary which follows. These figures can be used 
to estimate size and timing of retention devices such 
as ietHing basins or filters to keep the sediment 
from leaving the site into waterways or other un-
desirable places. 

SUMMARY 

The erosion potentials and expected soil loss for 
each segment of the cross-section: 

A2  A3  
Erosion Expected Soil 

Potential tons/ft. Loss tons/ft. 
Width of Cross- Width of Cross- 

Segment Section Per Year Section Per Year 

AB 1.17 0.25 
C 0.04 0.01 
D 0.07 0.07 
E 006 0.01 

1.36 0.34 

The effectiveness of the erosion control measures 
can be determined from the following equation: 

E - (RKLS - RKLSVM) x 100 ...... (C-8) 
- 	EKLS 

Inserting the values from the above example: 

E = 1.36-0.34 x 100 = 75% 

This means that the erosion control system described 
above is expected to be 75- percent effective in con-
trolling the potential erosion of this particular 
site. In other words, the system will stop 75 per-
cent of the erosion that would have occurred had no 
controls been used. 
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APPENDIX D 

EXAMPLES OF WIND EROSION CALCULATIONS 

EXAMPLE NO. 1 

At Sioux City, Iowa, highway 1-29 crosses the 
Missouri River (see Figure D-A). The fill for the 
bridge approach is dredged from the river to form the 
bridge cones at a 2.5:1 slope. The cone is to be 
exposed during the months of January, February, March, 
and April. What is the wind erosion potential during 
this time and what can be done to decrease it? 

A sample of the surface soil is screened with a 
20 mesh sieve and all but 2 percent passes through. 
Seventy-five percent of the area is'crusted. 

The wind direction and preponderance maps show 
the prevailing erosive wind direction and preponder-
ance to be as follows: 

1013.85/7.51 ' 135 for mean direction and 7.51/4 
1.88 for the mean preponderance. 

This says that nearly twice as much erosive wind comes 
from the northwest during the four months as from any 

other direction. 	This is the direction from which 
knoll erosion is to b,e evaluated. The slope gradient 
of the cone face on which the wind impinges is 40 
percent on 2.5:1 (see Figure D-A), and the exposed 
length of the cone .face from toe to top in the 
direction the wind is traveling is 100 feet. From the' 
climatic factor maps, Figures D-1 and D-2; the C' 
factors are January = 15, February = 35, March = 60, 
and April = 45 or a total of 155 percent of the value 
of Garden City, Kansas, for the same four months. The 
site is smooth but has a sufficient number of 1-inch 
high rocks to give a K' factor of 0.62 (see Figure 
3-1). There is a concentration of 0.1 percent in 
incorporated water weeds, drift wood, and other 
vegetative components which produce a V' factor of 
3,350 (see Figure 3-2). The river at this point is 
1,220 feet wide so no upwind barriers need to be 
considered. 

Data 

Soil particles larger than 0.84 mm 	2% 
Area covered by crust 	 75% 
Area not covered by crust 	 25% 
Slope gradient 2.5:1 	 40% 
Incorporated litter 	 0.1% 
Height of roughness elements 	 1.0 	in. 
Wind direction 	 SSE 
Wind preponderance 	 1.88 
Exposed slope length (on slope) 	100 ft 
C' for Jan. 	15, Feb. = 35, Mar. = 60, 

April = 45 

Total 155% 

Direction 
Counterclockwise Preponderance Product 

From East 

January 135 2.50 337.50 
February 135 1.67 225.45 
March 135 1.67 225.45 
April 135 1.67 225.45 

I 	7.51 1013.85 

1220' 

RIVER 

Figure D-A. Sketch of wind erosion effect on highway bridge cone. 
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Computation 

Enter Table 3-1 in column 2 and read for non-
crusted erodibility I = 250 tons/ac, and for 
fully-crusted, I = 41.7 tons/ac. 	To obtain a 
weighted I: 

250 x 0.25 + 41.7 x 0.75 = 93.78 
94 tons/ac. 

is  Enter Figure 3-0 on the base scale with 40 per-
cent slope gradient, move vertically to (b) 
curve, thence left to I scale and read I 
= 97. 

I' = I x I = 94 x 97 = 9118 tons/ac 

Enter Figure 3-1 with 1 inch for Kr on the bottom 
scale, proceed vertically to curve, thence left 
to K' scale and read K' = 0.61. 

V Multiply percent of litter 0.1 by 106  to find 
R' (approximately 1,000,000 lbs. in area 3" 
deep) 

= 0.001 x 1,000,000 = 1,000 pounds/ac 

Enter Figure 3-2 on left hand scale with this 
value, move right to "flat" curve, thence down to 
the base and read V'=3,350 pounds/ac equivalent.. 

, The length of the sloping surface is 100 feet 
with a slope gradient of 40 percent and the value 
of L' becomes 

L' 	100 cos (tan 	0.40) =' 92.85 or 93 feet 

= I' x K' = 9,118 x 0.61 = 5561.98 or 
5,562 tons/ac 

I'.KC' = I'1(' x C' = 5561.98 x 1.55 
8,621.07 or 8,621 tons/ac 

Note that 8,621 tons per acre is way beyond the 440 
tons. that can be read from the nomograph (Figure 3-3) 
for I'C'K' and 5,562 also exceeds the values of I'K' 
on its scale. 	Thus, this huge loss can only be 
estimated by extrapolating, using a proportional 
divider, on both scales of the nomograph, and it is 
found to be approximately 993 tons/acre. This tonnage 
is obviously excessive. 

Treatments 

If the obvious treatment were to be followed, 
that of sprinkling the fill from the river during 
periods when the wind blows, the erosion would be 
reduced. If the surface were always wet when the wind 
blew, it would be equivalent to reducing, the C' to a 
very small value, perhaps in the order of 0.01. Using 
this new value of C' the reduced loss can be calculat-
ed. Multiplying the I'K' value obtained above of 
5,562 tons per acre by 0.01/100 f,or each of the four 
months 'gives the total erosion for the period of less 
than 3 tons/acre. 

4 x 0.01/100 x 5,562 = 2.2248 tons/acre 

seedbed. 	The R' value of these materials is 4,750 
pounds per acre. The total R' now becomes 1,000 from 
litter, 3,500 from mulch, and 1,250 from asphalt 
for a total of 5,750 pounds per acre. Entering Figure 
3-2 with this R' value, moving horizontally to the 
appropriate curve, and dropping to the lower scale 
gives a V value of 26,000 pounds equivalent per 
acre. Entering the nomographic chart Figure 3-3 with 
this new V value, we find erosion to again be off the 
scale or less than 0.5 tons per acre per year. 

Note that either of the suggested solutions would 
reduce erosion to a satisfactory level. 

EXAMPLE NO. 2 

The second example site is located on 1-80 near 
Oasis, Nevada (NE,corner of the state), where wind is 
picking up sediment from a grubbed area and depositing 
it in a cut area and onto two traffic lanes. A 
sketch of the site is shown in Figure D-B. 

Data 

Soil particles larger than 0.84 mm 	72% 
Slope gradient of grubbed area to windward 1.7% 
Standing litter 	 0.023% 
Roller corrugations Kr 	 3 in. 
Unshielded fetch 	 500 ft 
Mean wind direction Feb. to May from' 133° 

(measured counterclockwise from East) 
Preponderance Feb. to May 	 2.8 
C' for February = 200, March = 640, April = 520, 

May= 260 
Total. 1620 Computation 

I 	Enter Table 3-1 in column 2, line 70 and read 
from noncrusted erodibility I = 10 ton/ac. 

I 	Enter Figure 3-0 on the base scale with slope 
gradient 1.7 percent and proceed vertically to 
curve (a), thence to left scale and read is = 
1.3. 

I' = I x I = 10 x 1.3 	13 tons/Ac 

K' 	Enter Figure 3-1 on the base with a Kr of 3 
inches. Move vertically to curve, thence left to 
scale and read K' = 0.49. 

V 	Multiply percent of litter 0.023 by 106  to get R' 

0.023 
R = 100 1,000,000 

= 230 pounds/ac 

Enter the' left scale of Figure 3-2 with this 
value and move right to "standing" curve, drop to 
the base and read V'=1,050 pounds/ac equivalent. 

L' 	= 500 feet measured in field. 

I'K' = V. x K' = 13'x 0.49 = 6.37 
or 6.4 tons/ac. 

I'KC' = I'K' x C' = 6.37 x 16.20 
= 103.19 or 103 tons/ac. 

	

If a mulch were applied at the rate of 1.75 tons 	Erosion is read with I'K', I'K'C', L' and V from the 

	

per acre and tacked with 1,250 pounds of asphalt per 	nomograph, Figure 3-3, at 35 tons/ac. A 1-acre source 

	

acre, this would be sufficient to control water 	area 500 feet long would have a width of 43,560/500 = 

	

erosion (see Figure 2-5) and provide an adequate 	87 feet. A cut strip source 400 feet long would have 
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Sketch for wind erosion example No. 2. 

HIGHWAY 1-10 

Median 

HIGHWAY 1-10 

Sketch for wind erosion example No. 3. 

Figure 0-8. Wind erosion sketches. 
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a total area of 400/87 or 4.6 acres and would produce 	Data 
4.6 x 35 = 161 tons of sediment. If the soil at this 
site weIghs 1.25 tons/yd3, this would be 161/1.25 = 

129 yds3  of material between the crest of the cut 
which is 32 feet high and a point 320 feet (10 x 32) 
downwind. This would place the toe of the deposit at 
about the middle of the eastbound lane, and its 
average depth would be more than 1 foot. 

Possible Treatments 

Apply 1,000 pounds/ac of hydromulch, which 
forms a crust. From Table 3-1 the I value would 
become 1.7 instead of 10. The R' now increases from 
230 pounds per acre to 230 + 1,000 = 1,230 pounds per 
acre. Entering Figure 3-2 at R' = 1,000 pounds per 
acre, proceeding horizontally to the mulch curve, and 
then down to the V scale we read a value of 3,250. 
Adding the original 1,050 to this amount gives a V' 
value of 4,300 equivalent pounds per acre. The change 
in these two factors reduces the erosion to less than 
3 tons per acre. 

Seed the area and apply straw mulch at the 
rate of 0.75 tons/ac tacked with 1,250 pounds of 
asphalt, which is the amount needed for a seedbed and 
temporary water erosion control. 	Combining the R' 
values of the mulch and asphalt (R' = 1,500 and R' 
1,250) and entering Figure 3-2 with K' = 2,750, we get 
a V value of 12,700 pounds equivalent. 	Adding 
this to the 1,050 pounds equivalent obtained previous-
ly, we get a total V value of 13,750 pounds equiva-
lent. This V' factor would reduce the wind erosion to 
well below the required 5 tons/ac/yr. 

Install fiber glass roving at 1,000 pounds/ac 
tacked with 125 gals/ac asphalt. This relatively 
permanent treatment would reduce Ito <0.3 and I' to 
< 0.39 tons/ac. If the asphalt weighs 1,250 pounds/ac 
the R' would be 1,250 and V = 4,400. Adding this to 
the 1,050 obtained previously gives a total V' value 
of 5,450 pounds equivalent. Using nomographic chart 
3-3, we find the wind erosion to be reduced to a 
value below the 0.5 tons/ac minimum on the scale. 

EXMIPLE NO. 3 

The third example site is one located on 1-10 
near Lordsburg, Hidalgo County, New Mexico, where the 
wind blows unrestrained across a playa-like area. 
When the wind is laden with dust it seriously im- 
pairs visibility. 	Precipitation is high enough to 
support desert grassland vegetation from the monsoonal 
summer rains. A sketch of the site is shown in Figure 
D-8. 

Soil particles larger than 0.84 mm 
(crusted) 	 10.0% 

Slope gradient to windward (plain) 	0.3% 
Standing litter (2." tall) 	 0.05% 
Hillocks and hummocks 	 2.5 inches 
Unshielded fetch 	 850 feet 
Mean erosive wind direction from 510 

(counter clockwise from East) 
Preponderance March to August 	1.5 
C' values: Mar. = 150, April = 190, May = 180, 

June = 150, July = 75, Aug. = 30 
C' 	Total 775 

Computation 

I 	Enter Table 3-1, column 0, line 10, in crusted 
surface section and read 22.3 tons/ac. 

I 	Since the source area is a plain I = 1.0. 

I' 	Multiply 1.0 x 22.3 = 22.3 tons/ac. 

Enter Figure 3-1 with 2.5 inches and read 0.5 for 
the roughness factor. 

I'.K' Multiply 22.3 x 0.5 = 11.15 tons/ac. 

V' 	Multiply litter 0.0005 by 106 to get 500 for R'. 

Then enter Figure 3-2 with 500 (standing) to get 
V = 3,150. 

IK.C' Multiply I'K' by C' 

I'.K'C' = 11.15 x 7.75 = 86.41 

Measured in field = 850 feet. 

Erosion is read from the nomographic chart, 
Figure 3-3, to get 19 tons/ac erosion. 

Treatments 

Add 0.75 tons/ac of grass or straw mulch 
punched in, seeded, and tacked with 1,250 pounds of 
asphalt. This will raisethe V from 3,150 to 15,950 
pounds equivalent-per acre (K' = 2,750 and Figure 
3-2 gives V = 12,800; 12,800 + 3,150 = 15,950). The 
erosion would now reduce (Figure 3-3) to less than 0.5 
ton/acre which is the minimum on the nomographic 
scale. 

A rock mulch could be spread from the nearby 
Pyramid Hills which could change the composition of 
the soil surface so 80 percent would not pass the 20 
mesh screen. 	With the soil crusted this would 
change I from 22.3 to 0.3 ton/ac. 	I'K' would then 
become 0.15 ton/ac and I'K'C' 1.16 tons/ac. This 
would reduce erosion also to a value less than the 0.5 
tons/ac minimum on the nomograph scale. 
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Figure D-3. Wind erosion C' factor isomaps for the United States (May and June). 
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Figure D-5. Wind erosion C' factor isomaps for the United States (September and October). 
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Figure 0-7. Wind erosion C' factor isomaps and wind direction and preponderance for the Hawaiian Islands (January through June). 
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Figure D-8. Wind erosion C' factor isomaps and wind direction and preponderance for the Hawaiian Islands (July through December). 
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Figure 0-11. Wind erosion C' factor isomaps and wind direction and preponderance for Puerto Rico (January through June). 
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Figure D-13. Wind erosion C' factor isomaps and wind direction and preponderance for Alaska 
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Figure D-15. Wind direction and preponderance for the United States (January and February). 
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Figure D-16. Wind direction and preponderance for the United States (March and April). 
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Figure D-18. Wind direction and preponderance for the United' States (July and August). 
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Figure D-19. Wind direction and preponderance for the United States (September and October). 
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APPENDIX E 

DETERMINATION OF "R' FROM RAINFALL INTENSITY AND DURATION DATA 

FOR A SINGLE STORM 

	

E' 	
(916 + 331 log x 

E 
= 	 100 	

i) 	
. . . (E-1) 

wherein 

	

x1  = 	rainfall intensity for period 1 
(inches/br) 

Yl 	= 	rainfall depth for period 1 (inches) 
m 	= 	number of periods in a storm 

If 130  is the maximum 30 minute intensity for 
the m periods then the storm El is E times 130.  This 
would be in the same units as R or EI/100. 

ANNUAL El 

The Equation E-1 is repeated on all storms in 
each year of record. The annual maximum 30-minute 
intensity is multiplied by the sum of each year's E 
for the same year for each year of record. These 
years of El values are plotted on log normal paper and 
the two-year El determined. This value is the R value 
for the site. 

SAMPLE CALCULATION 

Single Storm El 

The following data pertain to a storm which 
occurred at the Great Basin Experimental Area on 
August 13, 1965. The storm was divided into intervals 
according to time periods of fairly uniform intensi-
ties, as shown. 

Accumulated 
Depth 

of 	Depth 
Time Precipi- for Inten- 

Storm Time Increments tation Interval sity Energy 

	

Began 19:00 	 0.0 	 0.0 

	

19:17 17 minutes 	0.70 	0.700 	2.471 	7.32 

	

19:30 13 minutes 	0.80 	0.100 	0.462 	0.80 

	

Ended 20:30 60 minutes 	0.83 .0.030 	0.03 	0.12 
0.83 E = total 8.24 

ft. tons/acre inch 
The 30 minute maximum intensity is calculated as 

follows: 

17 minutes at 2.471 in/hr. 
13 minutes at 0.462 in/hr. 
17 + 13 = 30 minutes 
Total depth of rain in this period = 0.70 + 0.10 

= 0.80 in 	0.80 inches in 30 minutes is 
1.6.0 inches per hour. Total storm energy = 
8.24 ft. tons/acre inch. 	Total storm El = 
8.24 x 1.600 = 13.184 ft tons/acre in/hr/100. 

Annual El 

Repeat the process described above to obtain E 
values for each storm of the year. Storms at the 
Great Basin Experimental Area station during 1965 
yielded values of E as follows: 	0.31, 0.31, 0.40. 
7.99, 0.16, 1.01, 0.26, 1.09, 0.77, 0.02, 2.62, 1.08, 
0.04, 1.08, 0.49, 0.30, 0.26, 0.16, 4.05, 0.04, 1.14, 
3.31, 2.49, 0.07, 0.32, 0.26, 2.19, 0.12, 0.36, 0.16, 
0.05, 1.08, 8.24, 0.04, 0.76, 0.24, 2.78, 1.81, 0.03, 
0.94, 0.03, 0.65, 0.73, 1.11, 0.17, 0.09, 0.28, 
0.31, 0.04, 0.26, 0.15, 0.21, 0.20, 0.44, 0.15, 0.13, 
0.46, and 1.05 = 98.85. (Note that these values have 
already been divided by 100). 

The maximum 30 minute intensity during this 
year was 1.60 inches per hour and the annual El is 
98.85 x 1.60 = 158.16 ft tons/acre in/hr/100. 

El values for other years of record at this 
same station are the following: 

26.44 x0.568 = 15.02 
13.39 x 0.364 = 	4.87 
98.85 x 1.600 = 158.16 
10.47 x 0.360 = 	3.77 
22.95 x 0.464 = 10.65 
.4.13 x 0.300 = 	4.43 
62.18 x 0.702 = 43.55 
15.54 x 0.286 = 	4.44 
21.94 x 0.480 = 10.53 
16.62 x 0.548 = 	9.11 
15.77 x 0.473 = 	7.46 
17.10 x 0.407 = 	6.96 

To obtain the R value these El values are ranked 
and plotted on log normal paper using lOOm/n+1 as the 
plotting position. The 2 year return is considered to 
be the mean annual value which by definition is the R 
value. This is read as 8.3 for the values given. 

Monthly or Seasonal El 

As the Equation E-1 is used to compute the energy 
for individual storms, all storm energies for each 
month can be ranked for each year and plotted as for 
the annual values on log probability paper after the 
multiplication by the respective 30 minute intensities 
and each mean annual January, February, March, etc. 
value read off. If these values are added accumula-
tively through the year, they become as a percentage 
of the annual values, the curves given in Figures 5-4, 
5-5, and 5-6. 

E-1 



APPENDIX F 

TEST OF UNIVERSAL SOIL LOSS EQUATION ON STEEP SLOPES 

INTRODUCTION 

The USLE was developed on relatively flat slopes, 
and few reliable data for evaluating its accuracy 
exist for slopes greater than about 20 percent. One 
of the objectives of the present research was to test 
the equation for steeper slopes using the UWRL erosion 
control testing facility. 

The universal soil loss equation as proposed by 
Wischrneier and Smith (1965, 1978) and modified for the 
TRW study can be expressed by the relationship 

A = R•K•LSVM 	........ (F-i) 

wherein 

A = soil loss tons/acre 
R = a rainfall factor (R = (EI/100) mean annual 

value) 
K = soil erodibility factor (ratio) 
LS = slope length steepness factor or topographic 

factor 
VM = erosion control factor (ratio) 

In the field, the only parts of Equation 1 which 
are manageable are LS and VM. Wischmèier and Smith 
(1978) developed and tested Equation F-i and found 
that the topographic factor could be expressed by 

21 
m 	

6541 s2 	4.56 S 
+ 0.065) L = 

	72.6 	+ 10,000 + /s2+ 10,000 

(F-2) 
wheein 

LS = topographic factor 
s = slope gradient (percent) 
2, 	slope length (feet) 
m = exponent depending on slope steepness (0.2 

for slopes <1%, 0.3 for slopes 1-3 percent, 
0.4 for slopes 3.5-4.5 percent, and 0.5 for 
slopes >5 percent) 

The erosion control factor VM account.s for the 
effects of all erosion control measures that may be 
implemented on any particular site, including vegeta-
tion, mechanical manipulation of the soil surface and 
chemical treatments. A partial listing of VM valus 
is given in Table 2-2. 

TESTING FACILITY 

Rainfall Simulator 

The rainfall simulator is a drip-type device in 
which individual raindrops are formed by water emit-
ting from the ends of small-diameter brass tubes. The 
rate of flow is controlled by admitting water into a 
manifold chamber through fixed orifice plates under 
constant hydraulic pressure. Five separate inlet  

orifices are used in each chamber or module. The 
ratios of the areas of the orifices are '1:2:4:8:16. 
By controlling the flow to the orifice with an elecT-
trically operated solenoid 'valve it is possible to 
vary flow in on-off increments with 31 equal steps. 
Outlet from the chambers or modules is through uniform 
equally-spaced brass tubes. Each module is a 24 inch 
square box about 1 inch deep and Oriented so that the 
tubes or needles form a horizontal level plane from 
which the water drips. Each module contains 672 
needles spaced on a 1 inch triangular grid pattern. 
The simulator is shown in Figures F-I, F-2, and F-3 
and has.been fully described by Chen (1975). 

The rainfal,l simulator consists of 100 modules 
spaced and supported to form a square, horizontal 
surface containing 400 Cquare feet. Each module has 
separate controls so that a spatially moving storm 
with time-changing intensities can be simulated. Its 
500 control switches are operated manually or by a 
programmed computer, as desired. 

Raindrop sizes and velocities of impact represent 
the energy of typical high intensity storms. The 
spatial distribution of rainfall is essentially 
uniform and the control of application rates is within 
the accuracy reuirement of most experiments. 

Tilting Flume 

The tilting flume or test bed is positioned 
directly beneath the rainfall simulator, and both 
units are located inside the laboratory.' The flume is 
square, measuring 20 feet on a side, and contains a 
1-foot thick layer of soil'. Hydraulic hoists beneath 
the flume enable it to be tilted to any angle up to 
about 430  from horizontal. The flume is designed 
with a vacuum chamber beneath the soil to aid infiltra-
tion, and flowing water can be maintained over the top 
of 'the soil in addition to the rainfall from the 
simulator. 	 ' 

Calibration of Rainfall Simulator 

The calibration of the rainfall simulator was 
dOne in an indirect manner for convenience and control. 
This was carried out by first calibrating two tipping 
bucket raingages against weighing raingages which had 
been calibrated with weights. The tipping bucket 
gages recorded remotely on an event recorder located 
beside the rainfall simulator control panel so any 
change in intensity during a run could be immediately 
recognized by the operator. 	The following equation 
represents the actual rainfall in inches per hour for 
each apparent intensity on the tipping ' bucket gage 

Y = 0.73497 X
19832  
 ........ (F-3) 

wherein 

Y = true rainfall intensity 
X = intensity indicated on tipping bucket gage 

F- 1 
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Figure F-i. Computer controlled rainstorm simulator with tilting flume. 
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Figure F-2. Typical rainstorm simulator module. 
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Figure F-3. Block diagram of .stormflow experimentation system. 



The confidence band is + 0.59. 

The intensity read from Equation F-3 in conjunc-
tion with drop size and fall distance is used to 
determine El/lao or the value called R in the univer- 
sal soil loss equation (USLE). 	(See Appendix E.) 

Energy of Drops 

Drop sizes delivered by the rainfall simulator 
were determined by measuring the volumes of replicates 
of 10 drops each. The drop diameter as determined in 
this manner was 4.0 mm, which is slightly larger than 
the mean drop diameter of natural rainfall. 

The heights of fall from the simulator were all 
somewhat less than required for the drops to reach 
terminal velocity. 	Also, the fall heights were 
variable according to the slope steepness. When the 
test bed is tilted to the desired slope, its upper 
edge is closer to the horizontal rainfall simulator 
than is the lower edge, so that raindrop fall distance 
increases with distance down the slope, and is 
different for each slope. It was necessary to care-
fully measure the fall distance for the drops at each 
slope setting of the test plots, and from this dis-
tance to calculate the velocity of the drops upon 
their impact with the soil. The experimental values 
published by Laws (1941) for 4 mm drops at different 
fall distances were used to determine this velocity - 16r each bed slope used. This relationship is: 

V = 16.00204 log H + 5.49695 . . . . (F-4) 

wherein 

V = velocity (feet per second) 
H = fall height (feet) 

Individual values are converted to energy by the 
relationship 

E = 1.76082 V2 	. 	. 	. 	. 	. 	. 	. 	. 	(F-5) 

wherein 

E = rainfall impact energy (ft tons/acre inch) 
V = velocity (feet per second) 

E values at the top and bottom of each test plot 
were averaged to obtain the mean E for the plot. 

Values of El/lao were calculated for each slope, 
rainfall intensity, and duration. 	These "R" values 
are somewhat lower than those for the same mean drop 
size in natural rain because of the lesser fall height 
under the simulator. On the other hand. the.simulated 
rain consists of drops that are slightly larger than 
the average for natural rain, and thus the impact 
energies are slightly greater as well, making the. 
overall simulated effect very nearly the same as 
natural rain. 	Table F-i shows a comparison on a 9 
percent slope of energy values obtained with the 
UWRL rainfall simulator with those obtained by other 
methods. 

TESTING PROCEDURES 

Assuming that the universal soil loss equation 
is valid as used by Wischmeier and Smith (1965, 1978)  

then A = R.K.LS.VM, and K.VM = A/R.LS should be 
independent of slope. 	In order to test this hypo- 
thesis K.VM values were measured for four soil condi-
tions, four slopes, and three rainfall intensities. 

The tilting flume was divided into test plots 
each.one 19.5 feet long and approximately 4 feet wide, 
separated from the others and from the flume sidewalls 
by 2-foot-wide buffer strips. The plots were filleçl 
with three different soils as follows: 	1) a washed 
sand commercially available in Logan, Utah, 2) Nibley 
silty clay loam from North Logan, Utah, 3) Cecil 
gravelly clay loam from Watkinsville, Georgia Experi-
ment Station of U.S. Department of Agriculture and 
University of Georgia, and 4) the same Nibley soil as 
2) except it was compacted and not tilled. The first 
three soils were tilled up and down the slopes to 
simulate the treatment defined by Wischmeier and Smith 
(1965) as having a C value of 1.0. Number 4 was not 
tilled except when soil was replaced and then it was 
recompacted as originally. 

After the soil had been prepared, the plots were 
tilted to the desired slope and rain was applied. 
Runoff from each plot was split, and 1/12 was caught 
in a polypropylene bottle. The sediment in each was 
separated from the water, then dried and weighed. The 
aliquot weight was multiplied back to the original 
erosion rate and divided by the plot area to obtain 
the A value for the universal soil loss equation in 
tons per acre. (All areas considered were measured on 
the slope, and are' not the slope areas projected 'to a 
horizontal plane.) 

SULTS AND DISCUSSION 

Table F-2 shows the rainfall and test plot 
characteristics, the soil lost in tons per acre, and 
the computed K.VM values for each plot and run. The 
K.VM values for the 9 percent slope are not signifi-
cantly different than those for the steeper slopes, 
indicating that the universal soil loss equation is 
equally valid for all slopes. 

Figure F-4 shows curves of topographic factor LS 
plotted against slope gradients in percent. LS values 
shown as crosses are those measured for the various 
slopes in the UWRL test plots. 	LS values shown as 
circles are those computed for various slopes using 
the USLE equation F-2 (Wischmeier and Smith, 1978). 
Figure 4 provides further indication that the univer-
sal soil loss equation is valid also for steep slopes. 
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Table F-i. Values of kinetic energy (E) obtained by three different methods. 

E (ft tons/acre inch) 
Rainfall Rainfall 
Duration Intensity Wischmeier McGregor- UWRL 
(minutes) (in/hr) Mutchier 

0% slope 9% slope 	25% slope 50% slope 84% slope 

30 2.51 1310 1322 1294 1248 	1160 819 651 
15 3.95 1102 1083 1018 982 	913 809 643 
8 7.65 1233 1056 1051 1014 	943 835 664 

Table F-2. Plot and rainfall characteristics, soil loss, and KVN for the runs testing the USLE. 

Tilled for Each Rain 
A 

Percent Rain Rain R.LS R.LS A = R.K.LS.VM (Tons/Acre) 
Slope Intensity Duration on Plot  

Nibley Nibley in/hr minutes 
Sand Nibley Cecil (Not Sand Nibley Cecil (Not 

Tilled)  Tilled) 

9 2.51 30 16.29 0.00163 0.02169 0.07502 0.06838 0.00010 0.00133 0.00461 0.00420 
9 3.95 15 10.08 0.00163 0.40635 0.15614 0.19172 0.00016 0.04031 0.02902 0.01902 
9 7.65 8 10.75 0.00163 0.90696 0.17565 0.11001 0.00015 0.08437 0.03055 0.01023 

25 -. 	2.51 30 75.71 0.00081 0.04926 0.14024 0.04163 0.00001 0.00065 0.00185 0.00054 
25 3.95 15 46.88 0.00081 0.41383 0.44436 0.49214 0.00002 0.00882 0.00949 0.01050 
25 7.65 10 50.02 0.00081 1.06294 0.78068 4.51493a 0.00002 0.02125 0.01567 0.09026 

50 2.51 30 203.04 0.00163 0.32292 0.95062 5.78311 0.000001 0.00159 0.00468 0.02848 
50 3.95 15 125.76 0.00489 0.12094 2.04497 2.80682 0.00004 0.00096 0.01626 0.02232 
50 7.65 10 134.03 0.08146 0.15605 0.38546 5.66263 0.00061 0.00116 0.00288 0.04225 

84 2.51 30 319.55 0.00081 4.30263 2.14862 6.87730 0.000002 0.01346 0.00672 0.02152 
84 3.95 15 197.87 0.00163 5.18789 1.89246 3.49365 0.000008 0.02622 0.00956 0.01766 
84 7.65 10 211.11 0.00899 4.76652 2.44047 8.37585 0.000042 0.02258 0.01156 0.03968 

a. value not included in the analyses. 

Note: 	Differences in K.VN values at 9% slope and steeper slopes are not significant as tested by Students 	t 
test and Brandts unique sample test. 
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Wischmeier, W. 	H. 	1959. 	A rainfall erosion index for Wischmeier, 	W. H. 	and 	D. 	D. 	Smith. 	1978. Predicting 
a universal 	soil-loss 	equation. 	Proc. Soil 	Sci. rainfall 	erosion 	losses--a guide 	to conservation 
Soc. Amer. 	23:246-249. planning. USDA Agric. Handbook No. 537. 
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