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PREFACE 

Acting upon a request by the Environmental Quality Division 
of the Virginia Department of Highways $ Transportation, the Re- 
search Council conducted an overview evaluation of the Department's 
erosion and siltation control program. Much of the evaluation deals 
with the maintenance of the environment during highway construction. 
A most important consideration appears to be the accurate prediction 
of soil loss from highway construction and the prediction of the 

e temporary sedlm nt controls needed to abate this loss on the con- 
struc•ion site. 

To this end, this manual was prepared in an attempt to •stimate 
the soil loss and to design a set of adequate abatement structures 
along the ditch line of the roadway. These tasks are accomplished 
by a computer program which is intended to be used on the IBM Model 
370 computer of the Central Office of the Virginia Highway $ Trans- 
portation Department. 

The manual is intended to be used by the personnel of the 
Location and Design Division and Environmental Quality Division as 

part of the initial phases of planning and design and by environ- 
mental personnel at the district level for updating of control 
structures as construction progresses or maintenance of the structures 
is required. 

The manual consists of a general introduction to the problem 
and this is followed by a brief description of the information which 
must be input into the computer as well as a description of the 
calculated results. A simple example is used to show typical input 
and output. Greater detail on various aspects of the computer pro- 
gram are given in the Appendices. These include a description of 
•he general mathematical procedure used in the calculation of the 
soil-loss prediction, description and arrangement of input cards 
and a complete listing of the computer program. 

This manual contains the updated-version of the computer 
program first discussed in Council report VHRC 73-R51 (May 1974), 
entitled "Design Program for the Estimation and Abatement of Soil 
Losses From Highway Slopes". 





THE DESIGN OF TEMPORARY SEDIMENT CONTROLS FOR 
SOIL LOSSES FROM HIGHWAY CUT CLOPES 

by 

David J. Poch$ 
Research Analyst 

INTRODUCTION 

This manual describes a computer program which estimates 
the soil loss from a highway cut slope. Input into the program 
consists of a basic description of the slope (location, soil 
erodibility, slope length and gradient) and duration of con- 
struction. The output consists of an estimated annual soil loss 
and a peak loss assuming a 2-year• 6-hour storm event. The 
preventive measures required to prevent this peak soil loss from 
getting into streams are in terms of the number of straw flow 
barriers required. 

Several s•udies suggest that soil loss from highway con- 
struction can be e•imated by use of the Universal Soil Loss 
Equation. (1,2 3,•, This soil loss prediction equation was 

developed by the U. S. Soil Conservation Service for soil losses 
from agricultural areas of low and uniform steepness. Two diff- 
culties arise in its application to highway construction. These 

are that the typical highway slope is commonly irregularly shaped 
in cross section and that at least part of the slope is usually 
very steep. Recently, a modification of the equation by Foster 
and Wisgb•eier allows for the prediction of soil loss from irregular 
slopes 

The program described here is intended to be used for new 

construction and •cheduled erosion control maintenance of existing 
p•ojec•. I• i• designed for the IBM Model 370 of the Central 
Office of the Virginia Department of Highways g Transportation so 

that du•ing the initial phases of planning, personnel of the Location 
and Design Division and Environmental Quality Division will have 

access to its use. Environmental personnel at the district level 

can also use their remote computer terminals to maintain and re- 

design siltation controls as the construction proceeds. A brief 
description of the method of calculation is found in Appendix A. 



INPUT PROCEDURE 

Three basic input items are used to determine the soil loss 
from a highway slope using the Universal Soil Loss Equation, These 
are 

i. The location of ths slope in terms of d•strieZ, 
residency, and the county rainfall index. 

2. a description of the topographic profile and 
soils of the slope, and 

3. the period of construction or any selected time 
interval in which the soil of the slope will be 
disturbed. 

Coded values of the district, residency, and county are used 
to determine the annual regional rainfall distribution and the rain- 
fall-energy index (see Appendix A) for the particular location of 
the highway cons%ruction. These values are used in the computational 
procedure along with the project period of construction and soil 
erodibility factor (see Appendix A) to produce the estimated annual 
soil loss as well as the soil loss occurring over selected time 
intervals. 

The technique for describing an irregular profile slope such as 
found along a roadway undergoing construction is to divide the slope 
cross section into a series of straight-line segments. Each segment 
may have a different slope length and percent gradient. The sim- 
plest number of segments would be two (as is shown in the nearly 
completed slope in Figure I). The percent gradient of each segment 
is found from" 

Vertical change in feet Percent gradient of a segment : HO6izontai chah•e in feet x i00 

The program assumes that the last segment of the profile description 
e will be in the ditch imn and that all controls will be placed in 

this final segment, Only one segment in the ditch line may be 
used to describe the profile. Should a change of grade be called 
for in the ditch line, another profile description will have to be 
used from the point of grade change. The program allows calculation 
of the soil loss for complex slopes with up to five segments. 

In Figure !, the first slope segment would be a cut slope from 
which most of the soil loss would be generated and the second seg- 
ment would be the drainage ditch running parallel to the moadway. 
This latter segment also contributes to the overall soil loss and is 
the location at which most of the sediment control measumes are used. 



OUTPUT 

The basic unit of sediment control utilized in this program 
is the multiple bale flow barrier (Figure 2). The program gener- 
ates estimates of the length slope factor (LS); the annual soil 
loss for the slope described; the soil loss during the construction 

'm period, and the sedi ent source amea found by multiplying the final 
segment of the slope times the sum of all other segments. In 
addition, the number of cubic yards of material •lost during con- 
struction and the number of tons and cubic yards of material which 
could be lost from a single 2-year, 6-hour storm event is also shown. 
This storm can be considered to be an "average" storm because it 
can be expected to occur 50 percent of the time, and the 6-hour 
duration has been found by the U. S. Soil Conservation Service to 
be the most frequently occurring storm length. 

For the slope shown in Figure I, the results of the program 
are given in Figure 3. The gradient percents and the segment lengths 
(25 and 400 feet, respectively) are shown. The estimated segment 
length slope factor (LS) and the percentage contribution of each 
segment to the total loss are also shown. 

The estimated (LS) for the slope of Figure i was 2.84. The 
estimated annual soil loss from the example was i58.86 tons per 
acre, and during the construction period (June through August) the 
soil loss was 59.43 cubic•yards per acre. A single storm loss for 

a 2-year, 6-hour rainfall was 9.52 cubic yards. 

The estimated number of barriers required in the final segment 
are 16 three-bale barriers (spaced 25 feet apart) or 8 five-bale 
barriers (spaced 50 feet apart). The reader is referred to Appendix 
A for the method of calculation° 
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APPENDIX A 

METHOD OF CALCULATION 

Appe•4i• A contains a ve..ry brief mathematical discourse 
on th@ •@•ho• of ca!¢ulation found in the computer program. FoP 
a mo?• •e•aiSed •e•ment of the method used in the computer pPo- 
g•• •h• •ead• i• •eferred to •eference.6. 

Tho bgSlc assumptions of the Universal Soil Loss Equation ape 
tha• %h• gye•age soil loss peru unit area (in this case, of roadside) 
is • p•odUCt O• a•ainfall factor (•emmed R), a soil erodibiiity 
facto? •g), • .slope length factor (L) and a steepness factor (S). 
Thus, 

A ; RKLS (i) 

where .A $.s. the soil loss pep unit area. FoP the purpose of calcu- 
lation •he slope length and steepness factors have been combined 
into a series of tables involving a length-steepness facto• (LS). 

As indicated by the equation, the calculation of A assumes 

a uniform steepness. However, Foster and WischmeieP found that 
in the case of iPPegu!aP slopes the sediment yields ape not accu- 
rately estimated by the assumption of a unifo•rm overall average 
steepness. They observed that the sediment load at any location 
on an irregular slope must be a function of the slope's erosion 
characteristics, such as its local soil detachment mate and the 
transport capacity of the runoff. They proposed that a slope of 
irregular steepness be divided into a series of N segments such 
that the slope steepness or g.radient and soil type, and thereby 
the soil detachment mate, within each segment could be considered 
to be uniform. The total soil loss from the slope is thus the sum 
of the losses from the N segments. 

The Universal Soil Loss Equation then becomes, 

A = RK 

N 1.5 (sjxj -sjxj 
(2) 

where the bracketed expmession replaces the topographic factor LS 
in Equation I. The term X j is the distance, in feet, from the top 
of the slope to the lower end of any segment, j; •3• 1 is the slope 
length above segment j; and Xe is the overall slop length. The 
term Sj is the value of the factor S from segment j, 



where 
0.043a2+ 0,30a + 0,43 

and d is the slope gradient or steepness in percent. The 
bracketed expression of Equation 2 may be simplified for com- 
putetion purposes to 

(3) 

N 
z (u2_ u lj) (4) 

The LS v•lue delermined by this procedure is a function of all the 
segment lengths and slope gradients or steepnesses and of their 
particu.lar •equence on •he slope, The percentage of the total 
aedimen't: yield that comes from each of the N slope segments is 
also •b%.a±ned by this compu•at±onal precedure, The relative sediment 
contribut, ion of segment j •o the total soil loss ±• 

N 
(u 2.] u].j)l, 

J i 
(u2j u]_j 

The computer program assumes that the last segment of the 
profile is the only one in the-d•teh line and is the segment at 
which all sediment controls will be placed, The annual soil loss 
in tons/acre for the area is found by a deter, znation of the annual 
R values (reference 7), whi.ch are shown in Appendix B, The annual 
soil loss in cubic yards is found by multiplying the tons •er acre 

estimate by ,87 (•ssuming a•l material is a silty loam). (3 The 
number of cubic yards per •cre is estimated by multiplying the annual 
loss by that portion of the annual cumu!ative rainfall distribution 
indicated by %he eonstruc%!.on months. Three distributions are used 
in the program and the appropriate selection depends upon the location 
within the s%ate by District. The loss in cubic meters per acre is 
estimated by multiplying the cubic yards per acre by .7646. 

The area of interest is determined by multiplying the last 
segment by the s•mmation of all other segments, Should a single 
segment be attempted a_ computer diagnostic will appear, The number 
of cubic yards of material is foznd by multiplying the cubic yards 
per acre by the number of acres. 

The soil loss in tons for a single storm event is found by 
resolving equation 2 with the R value set at 70. (7) This value is 
the resulting R value for a 2-year, 6-hour rainfall event. The 
results are then multiplied by the area in acres to obtain the 
amount in tons lost during the event, 



The abatement output is based on the assumption that a well 
positioned and maintained 3-bale barrier can trap as much as 1 
cubic yard of material and a 5-bale barrier can trap 2 cubic yards. 
The number of barriers is determined by an empirical equation 
based in part upon successful barrier designs in Virginia. (8) 
Figure A-I is a graph of the equation relating cubic yards gener- 
ated during construction to the number of 5-bale flow barriers. 
Approximately twice as many 3-bale barriers are required for the 
same soil loss. The spacing of the barriers in the last segment 
is found by dividing the number of barriers into the length of 
the last segment. 
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Location Card 

Code the district, 

APPENDIX B 

DATA INPUT FORMAT 

residency and R value as indicated below. 

District (card I, column I) 

District 

Bristol 
Salem 
Lynchburg 
Richmond 
Suffolk 
Fredericksburg 
Culpeper 
Staunton 

Residency (card 

District 

i, columns 4-5) 

Residency 

Bristol Wise 
Abingdon 
Lebanon 
Tazewell 
Wytheville 
Jonesville 

Salem Hillsville 
Christiansburg 
Martinsville 
Rocky Mount 
Salem 
Bedford 

Lynchburg Chatham 
Halifax 
Dillwyn 
Appomattox 
Amherst 

Code 

Code 

01 
03 
04 
06 
O8 
58 

O9 
ii 
12 
13 
14 
16 

17 
18 
19 
20 
22 



District 

Richmond 

Suffolk 

Fredericksburg 

Culpeper 

Staunton 

Residency 

South Hill 
Amelia 
Petersburg 
Chesterfield 
Sandston 
Ashland 

Franklin 
Waverly 
Suffolk 
Norfolk 
Williamsburg 
Accomac 

Saluda 
Warsaw 
Fredericksburg 
Bowling Green 

Louisa 
Charlottesville 
Culpeper 
Warrenton 
Fairfax 
Manassas 
Leesburg 

Lexington 
Staunton-Verona 
Harrisonburg 
Edinburg 
Luray 

Code 

23 
24 
25 
26 
27 
28 

31 
32 
33 
34" 
35 
36 

37 
39 
40 
41 

42 
43 
45 
46 
47 
48 
49 

50 
53 
54 
55 
56 



Rainfall Value (card i, columns 10-12) 

Residency County R Values 

Wise Wise 
Dickenson 

150 
150 

Ab ing don Wa shingt on 
Smyth 

175 
175 

Lebanon Russel 
Buchanan 

175 
150 

Tazewell Tazewell 
Bland 

175 
175 

Wytheville Wythe 
Grayson 

175 
200 

Jonesville Lee 
Scott 

150 
175 

Hillsville Carro ii 
Floyd 

200 
200 

Christiansburg Montgomery 
Giles 
Pulaski 

175 
175 
175 

Mamtinsville Henmy 
Patmick 

200 
200 

Rocky Mount Franklin 200 

Salem Craig 
Roanoke 
Botetourt 

175 
200 
200 

Bedford Bedford 2OO 

Chatham Pittsylvania 225 

Halifax Halifax 
Charlotte 

225 
225 

Dillwyn Buckingham 
Cumberland 
Prince Edward 

225 
225 
225 



Residency County R Values 

Appomattox Appomattox 
Campbell 

225 
225 

Amherst Amherst 
Nelson 

200 
200 

South Hill Brunswick 
Mecklenburg 

250 
250 

Amelia Amelia 
Nottoway 
Lunenburg 

250 
250 
250 

Petersburg Dinwiddie 
Prince George 

250 
250 

Chesterfield Chesterfield 
Powhatan 

250 
225 

Sandston Charles City 
Henrico 
New Kent 

250 
250 
250 

Ashland Goochland 
Hanover 

225 
225 

Franklin Greensville 
Southampton 

250 
250 

Waverly Surry 
Sussex 

250 
250 

Suffolk Isle of Wight 
Nansemond 

275 
300 

Norfolk Norfolk 
Princess Ann 

300 
300 

Williamsburg James City 
York 
Warwick 

275 
27,5 
275 

Accomac Accomac 
Northampton 

250 
o75 



Residency 

Saluda 

Warsaw 

Fredericksburg 

Bowling Green 

Louisa 

Charlottesville 

Culpeper 

Warrenton 

Fairfax 

Manassas 

Leesburg 

Lexington 

Staunton-Verona 

Harrisonburg 

County 

King and Queen 
Gloucester 
Middlesex 
Mathews 

Richmond 
Lancaster 
Northumberland 
Westmoreland 

Spotsylvania 
Stafford 
King George 

Caroline 
Essex 
King William 

Fluvanna 
Louisa 

Albemarle 
Greene 

Culpeper 
Orange 
Madison 

Fauquier 
Rappahannock 

Fairfax 
Arlington 

Prince William 

Loudoun 

Alleghany 
Rockbridge 
Bath 

Augusta 
Highland 

Rockingham 

Values 

250 
250 
250 
275 

225 
250 
250 
225 

225 
225 
225 

225 
225 
250 

225 
225 

200 
200 

200 
200 
200 

2O0 
200 

200 
2•0 

200 

200 

175 
2O0 
175 

200 
175 

2OO 



Residency County R Values 

Edinburg 

Luray 

Frederick 175 
Shenandoah 200 

Clark 200 
Page 200 
Warren 200 

K Value (card i• .columns 15-19) 

Note" The K value will be obtained from county soil 
conservation maps and/or preconstruction geological survey 
reports. General soils of low erodibility range in K value 
from .10-.23. Medium erodibility soils range from .24 to 
.36, and highly erodible soils have K values in the range .37 
to .49. 

Number of segments (card i, column 27) 

Code the number of segments of the slope in column 27 of 
the first card. Five segments may be used. Last segment must 
be only one in ditch line. 

Se.gment Length and Gradient Card(s) 

The next data card codes the segment length and its gradient 
in percent. One length and gradient is required per card. If the 
slope is divided into three segments then three.segment length and 
gradient cards are required. 

Code the segment length and gradient as indicated" 

Columns I through 4 Length of segment in feet. 
For values less than i00 
feet use columns 3 and 4. 

Columns 8 through 18 Slope gradient of segment 
in percent with decimal point 
in column Ii. 

Note" Segment cards must be ordered from upslope to downslope. 



Construction Period Card 

Columns i and 2 Code with a value from I to 12 the 
beginning month of construction of 
period of interest. 

Columns 7 and 8 Code with a value from i to 12 the 
ending month of period of interest. 

Typical Frosram Deck Setup 

The typical program deck setup for the problem solved in the 
main text is shown in Figure B-I. More than one problem may be 
worked at a time by repeating the data input set (location card, 
slope length and gradient card(s), etc.) before the last card of the 
deck. 

//SOIL 
// EXEC FORT(•CLG 
//FORT .SYSIN 00 • 

dOi• (00822HWYI0),I7T0878,MSGLEVEL=(I,I),CLASS=G 

PROGRAM DECK PLACED HERE. 

//GO.SYSIN DD • 

7 43 200 
25 I00.0 

400 2,0 
7 9 

// 

 
DATA (MULTIPLE PROBLEMS MAY BE CARDS 
SOLVED BY REPEATING DATA CARD SE- 
QUENCE) 

Figure B-I. Typical deck setup for problem solved in main text. 
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