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On behalf of the Virginia Soil and Water Conservation Commission, I am
pleased to present the "Comprehensive Erosion and Sediment Control Training
Program for Engin..ers, Architects and Planners" Since the passage of the
Virginia Erosion and Sediment Control Law in 1973, there has been a rapidly
increasing need for some type of uniform Statewide training in the field of
erosion and sediment control The Soil and water Conservation Commission
recognized this need and entered into a cootract with mr Harry L 'orter, Jr.
to develop such a training Program fo

The Commission requested Mr Porter to develop a program that would not
only give information pertaining specifically to the Virginia Erosion and
Sediment Control Program, but would also provide an overall tackground and
knowledge of the erosion and sedimentation process, thereby preparing a
foundation on which to build good soil conservation principles I believe
that anyone who examines this material will find that this requirement has
been fulfilled This is probably one of the few texts in this Country that
addresses erosion and sedimentation from its origin to its control and relates
the two to provide a firm understanding of the principles behind specific
conservation practices

We are very pleased that the National Association of Conservation
Districts (NACD) , after reviewing this text, has agreed to publish it as
part of the National Sediment Control and Manpower Program funded by a grant
from the U S Environmental Protection Agency Although this particular
program has been tailor-made for use in Virginia, the basic principles and
objectives contained herein are universal in scope and adaptable to any

7411 state program

The Commassion expresses its sincere appreciation to Mr Porter for the
fine )0b he has done in preparing this text and to all those agencies and
individuals who have contributed to its content Also, special thanY is due
NACD for making national publication and distribution possible

Sincerely,

(."".Jo eph 0 Willson, Jr
Director
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Preface

This program is designed to provide ins true Lion to the engineer,
architect, planner, and others who will be helping to implement the
Virginia Erosion and Sediment Control Program. It is intended to add
4..) the student's capabilities so that he will be able to demonstrate
measurable performance of the necessary new skills.

Behavioral objectives are basic to this training program. They are
statements telling what the student should be able to do as a result of
the training. A comprehensive list of objectives was prepared. These
were sequenced so that each ability mastered would be the Wilding block
for the next objective. These objectives then became the basis for the
sequence, design, and content of the entire training program,

The content was carefully selected. It is the material thich the
student needs to know in order to carry out the stated objective.

Objectives are spelled out in the program. When possible the objec-
tives Indicate the acceptable level of performance. The student will
know what he is to learn and what is considered acceptable. This pro-
vides both student and teacher a means of measuring how well they are
doing.

Each unit in the program begins with a statement of the purpose and
signif icance of the unit. Next the objectives for the unit are 3tated.
Objectives are followed by the subject ma tter content which will include
outside references in some units. The "contents" may also Include some
background questions or example problems. Criterion questions are in-
cluded following the content so that the student can test himself. A

surnary answers the questions and briefly lists pertinent points, with
very little disc,,ssion,

The "content" section c,f some units will refer to and assign pages
in the Appendix. It is essential that these pages be read as a part of
the subject matter content for that unit. Sone of the criterion questions
will be drawn from the Appendix assignments and the summary will cover
both the "content" and Appendix material. For instance, Unit 1 in Part I
includes references to Appendix A, pages V-35 to V-42.

In Parts III and IV, Appendix A, Virginia Erosion and Sediment Control
Handbook and Appendix C, the USICA-jCS Technical Release No. 55. Urban HY-
tirology For Small Watersheds, are to be used as pzizt of the subject matter
content. In all cases, the content section of this program presents what-
ever material is necessary to supplement the Handbook and the Technical
Release and assigns specif lc pages in these references as pzi.rt of the
program content. Instructors may also choose to develop visuals and
other teaching, aides in teaching Parts III and IV.

Q



11

How To Use This Program

First, read the program preface to get an widerstanding of the
purpose and orgs.nization of the whole program. The program is designed
to be used in sequence from beginnthg to end.

Each subject matter unit will have a short sta tement of the purpose
and significance. This will prepare you fot the subect and help you
to understand the applicat ma to be mane of the skills you are to
learn. The next to appea) are specific objectives, fRe,,,d these care-
fully, they will tell you not only what you sheuld be able to do upon
ompletion of the unit, but also what is cobsidered an acceptable level

of performance

Head the subject matter e.ontent including the Appendix references
which are indicated. When you feel that ), u has., mastered the subject
and can perform as stated in the objective, move on to the questions
and check yourself. Read the swinary to see how well you did. If per-
formamo was satisfactory, move on the next unit; if not, check the
content and references a,,ain until you feel sure you have mastered
th( unit.

9



PART I INTRODUCTION

Unit 1 The Virginia Erosion and Sediment Control Pro_gram

Purpose and SignLfica:x.el

This unit liltrcducea the Virginia law and the Virginia Erosior and
Sediment Control Handbook, It presents and discusses the basic purpose
of the program. Basic responsibilities for various aspects of the pro-
gram are given. The Handbook is essential for program Implementation.
A knowledge of the items discussed in this unit are tasic to understand-
ing the total erosion and sediment control program. The infomation
vill reinforce you in your continuing stud.y and will help you in dis-
cussing the program with employers, associates, and the public

Objectives

When you have completed this unit, you will be able to do the fol-
lowing thingsi

1. Name the two documents wtlich are the legal tnses for the
Virginia Erosion and Sediment Control Program.

2. :;tate the purpose of the program as given in the Jirginia ETO-
S ion and Sediment Control Law.

3.

placed.

Content a

State where the hisic responsibilitiek, for the program axe

Read Appendix A, pages V-35 to V-42, Virginia E'rosion anr, qediment
Control Handbook, The Virginia Erosion and Sediment Control lAw.

The law was passed March 20, 19?). It states the purpose of the
program p. (V-35, 71-89-2) and indicates that it is to be implemented
through the Virginia Soil and Water Conservation Commission and the

" The Virginia Soil and Water Conservation Commission is an agency of
the state created by 21-6 of the Code of Virginia. In addition to
the powers granted under the a-osion and Sediment Control law, the ccm-
mission has responsibility for the Small Watershed Program (Public law
566), coordination of all shore erosion programs of state agencies,
administrative leadership in the program for accelerating the Virginia
portion of the National Cooperative Soil Survey, coordination and
assistanco with the programs of Soil anci Water Conservation Districts,
and miministration of the Conservation, Small Watershed Flood Control
and area Development Fund.

1 fl
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soil and water conservation districts in cooperation with counties,
cities, towns, and other subdivisions of this state. In 2.1-89-J+ , of
the law the go ii 1 thes referrod to in (b) aro in the V irgin la Handbook,
whl.th was adopted by the Commission in April 1974. This Handbook is
the trtsis for the state Program, and provides guide. lthes and standards
for the local programs. Most districts, counties, cities, and towns
have adopted ordinances and have developed programs. These programs
are consistent with the state prognim and were reviewed and approved
by the Commission. You will also find summary of the purpose and
responsibilities for the program in Appendix A, the first four pars
graplis on Inge

Questions!

When you have read the above material and cages V 35 to V-142 of
Appendix A, test yourself by!

1, Wri t ing the names of the two documents which are the legal
asses for ',he Virginia Erosion and eci linen t Control Program,

ttatinf, the purpose of the Virginia program.

Harting the stale and I oca 1 en t I ties that were ass {ned re-
spensibi 11 ty for establ Ishing and isplcmenting the program.

;ummetry

The two basic documents are (1) tt,e V ire in la Exes I on and Ced linen t
Control Law and (.-) toe Virginia F.rusion and .,ediment Contrs21 Handbook.
The purpose of the program is ".. , to protest the land, water, , air, and
other natural resources of the Commonwealth," The taste responsibility
for the program Is assigned to the Virginia >oil and Water Conservation
Commission and doll and Water Conservation bittrit ts working through
counties, cities, and towns,

doll and Water randervation list ri ts are sutativisions of state govern-
ment responsible under state law I or conservat ion work within ti eir
boundaries. Districts are respona ble for developing programs to deal
with land and otter resourct problems arki to oord Ina te help from pdtl lc
and pri te sources to a..,-:ompl ih their soil and water c onservation
goals

1 1



Unit 2. Background and Exient of the Problem

Purpose and Signif icnacel

This unit gives a very brief history of the erosion and sediment
problem and discusses efiarta that have been made to solve it. It de-
fines erosion and distinguishes Ixotween geologic erosion and accelerated
erosion. The gross extent of the problem as well as the amounts at-
tributed to various act ivit les of man are presented. The events add
pressures which led to the present law add progra, are discussed and
analred.

The law 13 motivation enough for some. Others will want a deeper
understanding of the problem. Aroad-ixised support will depend on a
well informed public. Knowledge of the background and the nature and
extent of the problem should strengthen the resolve to help solve it.
Understanding of patit efforts and of trends affecting the problem
will help you to understand the a,proach taken in the Virginia Pro-
gram.

ohjoctive`it

1. lief the erosior and distingulsh ixttween geologic and accele-
rated erosion,

,tiate the to al tonnage of sediment pollution in the U. 3.
and the percentages at tributed to various act ivities of man.

3, List three major activities of man that cause accelerated
erosion,

Name and descrite the federal-state program started In the
1930's to deal with the erosion problem.

5, Name the cond 1 ti ons lila t have brou.g,ht renewed a tten t ion to
erosion arti sediment problems in the hint few years.

Nise the re.:ent federal legislation which supported and pro-
vised stimulus for the 'tate effort to control non-potht scurce pollu-

2. tt.xplaiin why the construct ion Industry has received current
attention in many states' laws, thcluding

Con ten t

In the preilous unit you learned the purpose of the Virginia pro-
gram, ihe problem which it seeks to correct Is extensive Sediment
1s the greatest si...ta'le pollutant, by volume, of our lakes, rivers, and
stream3, It It; the end result of the equally destructive process of
erosion.

12
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Content (Cont.)
Soil erosion is usually defined as the wear 5./43 P. way of the land sur-

face by water, ',Ind, ice, and gravity. In Virgthia, we are primarily con-
cerned with erosion by water. For our purposes, we can define soil ero-
sion as a process of detachment and transportation of soil materials by
erosive agents.

Erosion is rot a recent phenomenon. It has been going on since the
beginning of time. Whole mountaths have eroded away. Sediment deposits
severs) miles thick have been formed. Features as spectacular as the
Grand Canyon have r....sultei. from erosiLn. This natural process is called
geologic erosion. In the well vegetateu meadows, pasture:, and forests
of Virginia the erosion process continues at slow rate. It seldom is
discernable to us. It usually continues as a slow natural process un-
less it is disturbed by the activities of man. Geologic erosion plo-
duces about 3076 of the total sediment in the U. S.

The erosion which we are more concerned with results from man's
use of t;le land. This type is called accelerated erosion since the
geologic rate Is speeded up by the intervention of man. In this
country, accelerated erosion began when the first settlers from Europe
cleared sloping land and planted soil exposing crops. Accelerated
erosion produces about 70% of all the sediment produced in the U. S.

Total sediment production in this country is estimated to be four
billion tons each year. (Ref. 1) This tremendous volume of material
exceeds the sewage loan by scrne 500 to 700 times. (Ref. 2) An
estimated 1-1/3 billion tons of sediment is deposited in reservoirs
and causes a loss in storage capacity of the nation's reservoirs,
estimated at 1 million acre feet per year.

Agriculture, const-uction, and surface mining are the major acti-
vities causing accelerated erosion. (Ref., 3) About 70% of the total
sediment is from accelerated erosion, About 50% of this sediment comes
from agricultural land. Cropland is the chief source of this sediment.
Construction activities, surface mining, forestry, and stream channel
erosion account for the rernathing 20%. Indlre^t effects of construction
may be resulting in much higher sediment production than the direct
activities. Stormwater runoff from Impervious surfaces in urban areas
is caubing many streams that were relatively stable to suffer severe
channel erosion. (Ref, 4)

It is obvious from the above figures that the total sediment pro-
duced by construction activities 1.r., small. However, the rates of ero-
sion per acre on construction sites may be 10 to 20 tires that from
croplancL Figure 1 Indicates sediment production per square mile from
various uses.

13
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Figure 1, Sediment Volwnel Tons/Square Mile/Year
(Data from EPA 430/9-73-014)

1. Forest 24

2, Grassland 240
3. Cropland 4,800
4. Construction 48,000

3

This high rate of sediment production is one of the reasons why
construction activities have received attention in the law. In addi-
tion, construction is usually concentrated in relatively small areas.
The sediment problem is a "people" problem. (flef. 5) I! is highly

visible to people. It is usually in areas of heavier population and
higher land values, 'Sediment from these areas can completely fill
small ponds and literally destroy small streams.

The first major effort to deal with erosion problems began in
the 1930'q with the passage of Public Law 46, 74th Congress, and the
establishment of the Soil Conservation Service. Shortly after passage
of FL-46 the Pres3dent of the U. S. wrote to the governor of each
state recommending legislation to establish soil and water conserva-
tion districts. The President's letter expressed this concerni "The

nation that destroys its soil destroys itself." The concern whicn
led to tnese acts was for the loss of valuable soil resources to
erosion. The emphasis was on the control of erosion on agricultural
lands. Soil Conservation Districts Laws were lassed in all states.
The Virginia ',"11 Conservation Law was passed in 1938, The law

establilhed Soil Conservation Districts which were to provide local
leadership for a soil conservation program. The Soil Conservation
Service and other federal and state agencies provided technical
assistance to farmers through districts. This voluntary federal-
state proRram made substantial progress in controlling farmland
erosion.

Today we are dealing with much the same problem but with more
emphasis on sediment control. This is in keeping with most of the

1 1
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environmental concerns of today. The effect of the sediment on the
people downstream, on the user and consumer of the water resource is
a major consideration.

The erosion control program carried out under PL-46 and through
local Soil and Wa,er Conservation Districts was eventually extended to
assist urban and urbanizing areas. In the 1960's it became apparent
that voluntary programs were not enough to get the job done. Local
jurisdictions began to enact ordinances to control erosion and sedi-
mentation. On October 26, 1966, Fairfax County became the first
county in Virginia to adopt an erosion and sediment control ordinance.
In 1970, Maryland became the first state to enact legislation for
sediment control. The Federal Water Pollution Control Act of 1965
and the Amendments of 1972, PL-92-500, have given impetus to the states
to enact legislation to control non-point source pollution. Th's law
established goals that will require increasing attention to erosion
and sediment control efforts. These goals are: (1) to attain an
interim goal of water quality by July 1, 1983, which will provide for
protection and propagation of fish, shellfish, and wildlife and for
recreation in and on the water and (2), the elimination of discharge
of pollutants into navigable waters by 1985.

The conditions which brought about the recent attention to the
erosion and sediment problem are many and varied. The limits of 011r

land resources are being fel by more and more people. Land per per-
son has dropped from about 17 acres in the 194-0'1, to about 10 today.
The rapid growth of highways, suburban housing, and shopping centers
following World War II has magnified the problem. The tiemendous in-
crease in powerful machinery made massive alteration of the landscape
possible. Increasing numbers of people with greater mcbility, more
money, and more leisure have made the problem much more visible to
the public. Basically, people simply are annoyed bv the loss of
the streams, lakes, and natural areas that brought them to the
suburbs in the first place. The cost to the public has become more
apparent. They are no longer willing to accept it.

Questions:

1. Write a definition of erosion. Distinguish betwen geologic
and accelerated erosion.

2. Give the total annual tonnage of sediment production in
the U. S.

3. List activities of man that cause accelera L.ed erosion.
Give the percentage of the total which is attributed to each
activity.

4. Discuss the federal-state program which was started in the
1930's to deal with the erosion problem.

15



5. Name the conditions that have brought renewed attention to
erosion and sediment problems.

6. Name the recent fedcral legislation that has stimulated
erosion and sediment control efforth.

7. Explain why the construction industry has been singled out
in several of the recent state laws.

Summary s

Erosion is a process of detachment and transportation of soil
materials ey erosive agents. As a natural phenomenon it has shaped
much of our land as we know it today. Th...s natural process is
geologic erosion. In areas of forest or grassland, it is a very
slow process. Then man intervenes and destroys the protective
vegetation, the process is accelerated. The erosion caused by man's
activities is called accelerated erosion. Geologic and accelerated
erosion results in a total sediment production of 4 billion tons in
the U. S. Geologic erosion accounts for about 30% of this total.
Agriculture, construction, and surface mining are the major activities
which cause accelerated erosion. Afcriculture produces I% of the
total sediment. Construction, mining, and stream channel erosion
produce about 20%.

Pub lie Law 46, 74th Cowess, plus state so...1 and water conser-
vation district laws ebtablished a cooperative federal-state program
for soil erosion control in the 1930's. This was a voluntary pro-
gram. The building boom following World War II and the potulation-
growth put new pressures on land resources. The concentration of
activities around most major cities brought renewed attention to
the erosion and sediment problems The Federal Water Quality Act
of 1965 and the Amendments of 1972, FL 92-500, have stimulated
efforts for control.

The extremely high rates of erosion from conStruction sites plus
their visibility, and their nearness to valuable land and water re-
sources and densely populated areas, has meant that they are among
the first to receive attention.

16



Unit Specific Damages and Costs

Purpose and Significance!

This unit gives you information about specific damages and the
known costs of correcting them. Costs and benefits of control are dis-
cussed. This unit relates clo,.ely to the previous unit and includes a
discussion of characteristics of the problem that is pertinent to both
units.

A knowledge of specific damages and costs is essential in evaluat-
ing alternative solutions to the problems. It is equally essential if
we are to ,'evelop the moral imperatives to support the technology and
to comply with the law. This basic understanding is necessary to help
adjust our attitudes, impro\e our abilities, and stimulate us to carry
out a program for erosion ard seditlent control. To quote Aldo Leopold,
"No important change in human conduct is ever accomplished without an
internal change in our Lntellectual emphasis, our loyalties, our affec-
tion, and our convictions." (Ref. 6)

Objectives!

Then you have completed this unit, you will be able to!

1. List at least six specific types of damages caused by erosion
and sediment.

2. Cite specific dollar costs of sediment pollution and list
social and non-quantified costs.

3. Discuss costs and benefits of erosion and sediment control.

4. Exp'ain why the problem is unlikely to diminish in importance
or receive ess attention.

Conte,.4,

One of the most frequently mentioned damages due to sediment is
the reduction of reservoir capacity.

17
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Figure 2. This Recreation lake in Fairfax County
Has Been Severely Damaged by Sediment

111.111111_

It is estimated that one and a third billion cubic yard& of sedi-
ment is deposited in reservoirs each yea.r. (Ref. 7) This represents a
loss in water storage capacity of 270 billion gallons or an amount suf-
ficient for a city of 5-1/2 million people. One source reports costs
ranging from 8.90 to $2.40 per cubic yard for removal of sediment.
(Ref. 8) At a ccnservative estimate of $1.00 per cubic yard, the annual
cost of removal if it were possible would be 1-1/3 billion dollars.
Reservoir sites are a scarce resource. Sediment must be controlled to
preserve existing water storage capacity

Sediment clogs stream channels. Reduction in channel capacity
contributes to flooding, interferes with navigation, and may cause -..x-
cessive channel movement. It is estimated that the volume of material
excavated annually from streams, estuaries, and harbors exceeds one
half billion yards. (Ref. 9) The Rappahannock River which drains 616
square miles averages 11+2 tons sediment/square mile or 8?,472 tons per
year. (Ref. 5) The same author, reporting Army Corps of Engineers
costs, indicates a 10-year average cost for removal ranging from $0.15
to $1.00 per cubic yard. Their average cost for all work in 1962 was
$0.29 per cubic yard. Applying this figure to the estimated total
volume of material excavated (500 million tons) gives a total cost of
$11+5 million dollars per year. If dredged material must be transported
long distances for disposal, the cost can be multiplied several times.

1 8
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In addition to the value of lost water bupply capacity, there are
other costs associated with sediment in water Jupply reservoirs. Except
for water supplies used for cooling only, most industrial water supplies
must be silt free. In domestic water supplies, people will not use
water with readily observable sediment. Removing sediment is one of
the major purposes of water treatment. In 1960 Washington, D.C.
treated about 165 million gallons per day. (Ref. 10) If there had
been no need to treat this water to remove sediment, the estimated
ainual savings would have been $20,100. This amounts to a cost of
$0.33/million gallons.

Deposits of sediment in streets, culverts, storm drains, water-
ways, and flooded groperties represent another substantial cost.

Figure 3. Sediment From An Unprotected Shopping
Center Development

EPA reports street removal costs of $8.00 per cubic yard for a
case study in California and $6.60 in Virginia: (Ref. 8) Basement
removal costs were $77.00 per cubic yard in California and $65.00
in Virginia. Storm sewer cleanout by hydro-flush method was $68.00
per cubic yard in California and $62.00 in Virginia.

Sediment causes both lirect and indirect damages to aquatic life.
It may physically damage or kill the organism or damage the habitat
by affecting food supply, spawning areas, and so forth. Fish can
tolerate fairly high turbidity though the physiological stress may
make them more susceptible to disease. Damage to the habitat can be
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much more serious. Ritchie reports several types of damages. (Ref. 11)

Reduction of light limits photosynthesis and hence food supply. Organic

natter, frequently depositec with sediment, uses oxygen in decomposing,

thus reducing the supply. Sediment reduces survival rate of eggs. It

has destroyed fish and oyster spawning areas in the Upper Chesapeake.
Reductions of insects and plants due to sedimer.t have reduced food sup-

plies. The costs associated with these damages are not well quantified.

Figur 4. Sediment Above A Recreation Area
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Damages to the soil resource from erosion have received consider-
able attention in agricultural areas. It is also a significant damage

in urbanizing areas. Some of the costs of these damages are passed on

to the buyer in much higher landscaping and ground maintenance costs
or in dissatisfaction with landscapinG7 results on badly damaged soils.

Some are direct costs of construction such as regrading, removal of
mud, and hlzher landscaping costs.
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Figure 5. Single Storm Sediment Damage
From An Industrial Site Development

,:'her damages Include sealing of soil surface and henc, greater
runoff, soil deposits on land, loss of esthetic values, and loss of
recreational v-alues of ponds, lakes, and rivers.

Figure 6. Loss of Esthetic Values

44-

a,

401k.

2 1

ri

ee,

J-41,



The costs of erosion co itrol measures are not well documented.
However, there is some infonnation available for use th planning con-
trol :3ystems. Brandt, et al (Ref. 12) reports that for an investment
of $7,000 in sediment control, one developer was allowed a higher
density zoning. He gained 75 lots which brought th $500,000 additional
revenue. One developer reported an increase of costs of $25.00 to
$50,00 per lot. (Ref. 7) Costs in the Washington, D.C.-Northern
Virginia area may range from $25.00 to $200.00 per single family de-
tached dwellthg. Costs of individual practices have been reporteo by
EPA. (Ref. 8) These will be discussed later in the program a3 In-
dividual measures are discussed but some of their conclusthns are per-
tthent here. First, one of the most effective erosthn control methods,
hydro-mulching, is also one of the most economical. Costs in the EPA
study were $400 per acre for areas of 15 acres and over, and $900 per
acre for areas of less than one acre. Most important, the costs of
preventing soil erosion and sediment runoff per unit of sediment re-
tathed are loss, in a great many instances, than the cost of later
removing the silt. When one realizes that the removal only cures
part of the problem, then erosion and sediment control appears in a
favorable light from an economic standpoint.

The cost benefit analysis of erosion and sediment in relation to
urban development may be of two sorts. First, an analysis of costs
for erosion control may thfluence decisions on land use. If costs of
control with an intensive development plan are too high it may be
desirable to go to a loss intensive development. This analysis should
help to keep intensity of land development In line with the suitabi-
lity of the land. Because by law th Virginia an acceptable level of
erosion and sediment control must be achieve(1, it is not relevant to
make a cost-benefit analysis to decide whether to control or not to
control erosion. The second consideration requiring analysis is the
-_:osts of alternative measures or combinations of measures which would
give the acceptable level of control. Fortunatelyc the cost data
available seems to favor heavier emphasis on controlling erosion at
the source rather than trapping sediment at site boundaries.

One further potht relating to this unit and the preceding one
should be discussed. The characteristics of the erosion and sedimen-
tation problem are similar to those of other environmental concerns.
They clearly indi,:ate that the concerns that generated the control pro-
gram ..:111 see that it is continued.

Erosion and resulting sediment pollution is very visible, and
tends to threaten many people. The blame, not necessarily the cause,
can be placed on a small group. We do have technical solutions to
the problem which are economically feasible. The costs of control
can be passed on to the public through higher prices, which are
noticeable and more acceptable than the higher taxes, which are caused
by the public damages of improper development. Some of the apparent
ambiguities associated with this as with other environmental issues
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are a strength, since everyone wants to LT:11,20,1e the quality Of the en-
vironment. An "industry" has devluped and is profiting from control of
sediment and other pollutants. Also, lawyers and some other professions
have found it to be a lucrative field. A lobby for control has thus
been formed. Lastly, the present Law adds pressure to control sediment,
this and all of the above points seem to indioa te that the program will
be strengthened rather than forgotten.

Questions:

Test yourself on the material tn this unit.

1 List six or more types of damage caused by erosion and/or
sedimen t .

2. Cite specific dollar costs of correcting sediment damages
for at ,eant three types of damages.

3. Discuss cost-benefit analysis of erosion and sediment con-
trol. tlhat two types of analyses would you make"

4, List ai least four characteristics of the erosion and sediment
problem that will tend to keop the issue alive.

Summary :

The specific sediment damages include siltation of lakes and re-
servoirs; sediment deposits in streams, rivers, and harbors; and zlogg-
ing of culverts, stort'n sowers, and open waterways. The sediment kills
or greatly reduces the amount of aquatic life. It reduces the useful-
ness of water resources for recreation. Water treatment costs are in-
creased. Erosion damage:, may cause considerable extra costs to the
developer and r,ay permanently damage the land, making it less satis-
factory to the ultimate user.

The cost of removing sediment from reservoirs ranges from $0.90
to $2.40 per cubic yard. The cost to the Corps of Engineers for remov-
ing sediment from streams, estuaries, and harbors averaged $0.29 per
cubic yard in 1962. This does not include transporting dredged material
to suitable disposal sites. Water treatment costs for Washimgton, D.C.,
tc, remove mlimente were $0.)3 per million gallon, or $20,100 per year.
Cleaning sediment from streets cost $6.60 per cubic yard in one Virginia
study. Removing it from basements cost $65.00 per cubic yard and re-
moving it from storm sewers cost $62.00

In developing erosion and sediment control plans, cost benefit
analysis 5hou1d be used in two ways, First, to determine the best
land use for the area under consideration and second to compare al-
ternative erosion control measures and combLmations of measures.
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Die erosion and sediment control problem will continue to receive

emphasis because it i a very visible problem. It affects most people

in some way or another. The blame may be placed on a small group.
Technical solutiuns exist whi,,h are economically feasible. Costs can

be passed un to the consumer. Also, "everyone" wants to improve the

environment. An "industry" has developed around erosiun and sediment
control and some professions have found it to be a good field. The

program seems much more apt tQ be strengthened rather than forgotten.
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PART II IRE EROSION AND SEDIXENTATION PROCESS

Unit 1. The P4.oslon Process

Purpose and Significances

This unit discu38o3 and defines the five types of soil erosion with
which we are concerned. It names the causative agent or agents for each
type. It covers in detail the factors which influence erosion from the
land surface so that you will understand the specific effects of each
factor in the eroalon process. Channel erosion is included in the de-
finitions here, but the discussion of the specific factors effecting
It will be in the third unit of this Part.

An unfierstanding of the types of eroelon, of the forces causing
erosion and of other influencing factors is basic to understanding how
to develop a control program. Erosion is a process. Knowledge of how
it Finctions will help you to understand at what stage in the process
intervention with control practices will be mrat effective. An under-
standing of the forces and factors will help you to know what practices
will be most effective for each situation.

Object Ives s

1. Define f lye types of erosion and name the erosive agents re-
sponsible for each type.

2. List the major factors influencing erosion,

3. Indicate the characteristics of each of the above factore
which determine their effect on erosion.

4. Name the factors which determine the volume of runoff from
a site.

5. Name the factors which determine the velocity of runoff in
overland flow.

6. Describe the process which results in rills and gullies and
indicate the factors responsible.

Contents

In Part I, we defined erosion as a process of detachment and trans-
portation of soil materials by ero.51ee agents. This emphasizes the pro-
cess nature of erosion. First, soil particles are torn lcose from the
soil mass. This makes them available for transport. Second, the de-
tached materials are transported. Sedimentation, the last step in the
total process, is discussed in the last unit In this Part.
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We also mentioned Ln Part I that we aro primarily interested in
erosion caused by water. It help us to understand the erosion
process by water if we think . the detaching capacity of the erosive
agents and their transporting capacity as separate variables. Soil

materials also vary in detachability and transportability. Each of
the factors discussed will have a bearing on detachment and/or transport
of soil materials.

It will be helpful to think of the erosive action of water as the
effects of the energy developed by rain as it falls or as the energy
derived from its motion as it runs off of the land surface. Tlj force
of falling rain is applied vertically. The force of flowing water is
applied horizontally. They both perform work in detaching and moving
soil particles, but their actions are different. The 1955 Yearbook of
Agriculture gives an excellent description of water erosion, (Ref. 1)

Raindrop erosion is the first effect of a rainstorm on the soil.
Raindrop impact dislodges soil particles and splashes them into the
air. These detached particles are then vulnerable to the next type
of erosion.

Sheet eroslon is the erosion caused by shallow sheets of water
as it runs off of the la.nd. These very shallow moving sheets of water
are seldom the detaching agent, but the flow transports soil particles
which aro detached by raindrop impact and splash. The shallow sur-
face flow rarely moves as a uniform sheet for more tnan a few feet
on land surfaces before concentrating in the surface irregularities.

Rill erosion is the erosion which develops as the shallow sur-
face flow begins to concentrate in the low spots of the irregular con-
formation of the surface. As the flow changes from the shallow aheet
flow to deeper flow in these low areas, the velocity of flow and tur-
bulence of flow increase. The energy of this concentrated flow is
able to both detach and transport soil materials. This action begins
to cut tiny channels of its owne Rills are small but well defined
channels which are at the most only a few inches deep. They are
easily obliterated by harrowing or other surface treatments, and have
no more than 1 square foot cross section.

Gully erosion occurs as the flow in rills comes together in
larger ?nd larger channels. The major difference between this and
rill erosion is a matter of size. Gullies are too large to be re-
paired with conventional tillage equipment and usually require heavy
equipment and special techniques for stabilization.

Channel erosion occurs as the volume and velocity of flow causes
movement of the stream bed and h3.nk materials.

There are four major factors which have a direct Influence on
the detachment and transportation of soil materials. These are climate,

,
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soils, topography, and vegetation (or surface cover).

We will first discuss climate since it is the source of +he major
erosive agent in the erosion process. (hen we talk about climate we are
primarily concerned with rainfall, although temperature and snow cover
are also important.

The discussion of rainfall can be divided into the effect of rain-
drops and the effects of runoff.

Raindrop erosion is the first step ln the erosion process. The

action of falling rain is responsible for 90% or more of the total
soil erosion. It produces two damaging effects -- the detachment and
transportation of surface soil, and the puddling or sealing of the
soil .urface. Neutralizing these two effects is the first and most
important part of erosion control.

Figure 7. Raindrop Splash Series

This sequence of photographs snows the action of a raindrop strik-

A%' wet soil. The drop of watel Is a sphere, about 1/8 inch in diameter.
It travels at the rate of about 30 feet per second when it strikes the
soil. The force pushes the wet earth outward in all directions and
throws particles of soil and water to distances of 2 to 5 feet. The

resulting crater is about 4 times as large as the raindrop. (USDA-SCS

photo by Naval Researcht Bureau Yards & Docks, November 1949)

How can rainfall be responsible for so much damage.' Observation of

a hard rain on bare soil would confirm its destructive power. The drops

hit the surface like tiny bombs, They shatter soil granules and splash
the detached material back and forth. Splashed particles may be moved
more than two feet high and five feet horizontallyo On level land, this

is self-canceling. On sloping land, the net movement is downhill. On

a 110% slope, 75% of the soil movement i downslopeo More than 100 tons

of soil per acre may be detached in a single rain.

The erosive capacity of rainfall comes from the energy of its
motion or kinetic energy. It is dependent on the amount and intensit)
of rainfall, raindrop diameter, and raindrop velocity.

Drop size varies from the finest mist to drops which are 1/3 inch
or nearly 8 millimeters In diameter, Any rain will contain drops of
various sizes. A hard rain has a much higher proportion of large drops.

Raindrop velocity is tied very closely to drop size. Fine mist
with droplets about 1/100 inch in diameter fall at about 1 inch per
second. The largest drops attain a velocity of 30 feet per second.
It is obvious from this that an inch of rain falling as large drops
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in a hard thunderstorm has many times more erosive aapacity than an inch
falling as fine drizzle over a longer period of time. The actual force
(kinetic energy) of raindrop Impact in a hard summer storm may be 2 or
3 hundred times the force of the surface runoff, even or. steep slopes.

The effects of splash erosion are easy to see Ln nature. Sp lathed
soil particles can be seen clinging to the foundation of buildings
which are adjacent to bare soil. Particles can be seen on sterns and
leaves of plants which are growing in a partially vegetated field.
Pedestals of soil capped with protective stones can be seen where rain-
drops splash carried away unprotected soil material. Figure 8 shows
an extreme case of pedestal formation.

Figure 8. Pedestals Under Protection of Small
Stones Are Formed By Splash Erosion

Another important aspect of rathfall is its distribution. The
most ercsive rains are not scattered evenly thrcughout the year. In
V irginia, they are concentrated in the months. of June tn./. ough September.
Unfortunately, these periods of mo:,t erosive rains coinciae with the
most active part of the construction season.

Table 1 indicates some significant differenccs between storms
occurring during the G prin.!, and summer and those occurring in the
fall and winter.
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Table 1. Precipitation Characteristics by Seasons

Characteristic Sept. Through April May Through August

Form

Intensity

Drop Size

Duration of Storn

Area of Storm

Rain and snow

Low

Small

Lone

Large

Rain

Higsh

Large

Short

Small

So far we have concentrated on the force of falling rain and its
capacity to detach and move soil material. The second damaging effect
is the compacting, puddlingt and sealing of the soil surface. As

mentioned before, large drops strike with taemendous impact, compacting
the soil under the point of Impact. Repeated strikes churn th, sua
face into a slurry. As this semi-fluid mass attempts to infiltrate
into the soil it does a very effective job of sealing the pore spaces
against further entry of water. As drops continue to beat against the
surface they sort and ccmpact the material until an almost complete
seal is formed. Even on coarse sands this action reduces the intake
of water.

This hrings us to the second damaging aspect of rainfall -- run-
off. Runoff is the second erosive agent. It begins when the rate of
rainfall exceeds the intake capacity of the soil. When a hard rain-
fall is unimpeded as it strikes the soil, runoff begins a few minutes
after the start of the rain. In the early stages, its major potential
for damage is as a transporting agent for soil dislodged by raindrop
splash. As water begins to collect on the surface tt has no kinetic
energy. It derives energy from its movement as it beings to run down-
slope. The amount of runoff depends on two things, the amount and
intensity of the rainfallt and the nature of the soil or thtervening
surface that it falls on. RunGff at first takes the forn of a layer
of water flowing more or less uniformly over the ground. Depth of this
flow is usually very shallow. Runoff from bare plots 116.? feet long
cn 20% slope at the rate of 1.25 to 3.68 Inches per hour produced depths
of flow ranging from 0.06 to 0.15 inches. Flows of this sort have
practically no capacity to detach soil but they do have capacity to
transport particles which are detacned and kept in suspension by
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raindrop impact. The result of this combination of the detaching capa-
city of raindrops and the transporting capacity of sheet-flow runoff
is sheet erosion. The effects of this type of erosipn occur on all the
land surface except in rills and gullies. Because it removes soil in
thin layers from 95% or more of the land surface, it is difficult to
observe even though the total soil losses may be tremendous.

Under normal field conditions, runoff occurs both as sheet flow
and channelized flow. As water moves downslope, it tends to follow
the path of least resistance, rhe flow bscins to concen rate in the
depreesicns and irregularitief of the land surface. This is the begin-
ning of .thannelized flow, As th.. amount of water th these channels in-
creases, the velocity and turcilence also increases. As the runoff
concentrates first in tiny channels then combining into larger and
larger ones, it gains the force to koth detach and transport soil
material. The erosive capacity of lowing water derives from its
velocity, turbulence, nd the amouit and type of abrasive matPrial
that it carries. The .e.tocity vaias with the depth or volume of
flow, the roughness of the channel, and the slope gradient. As the
length of slope increases, the depth and hence the velocity also in-
creases.

Figure 9. Rill and Gully Frosion

Detachment by fL wing water is confined prirrarily to the areas of
concentrated flow (ril'o and gullies), The detachment of soil particles
is by rolling, lifting, and abrasive actions. The force is horizontal,
in the direc tion of flow. The forces of i cw detach some soil particles
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by rolling or draging them out of position. As velocity and turbulence
increase, vertical currents and eddies occur. This upward movement of
water lifts soil particles from their place and sets them in motion.
As the particles of soil already being transported by the flow strike
or drag over other soil particles, they detach them and set them in
motion. This is the detachment by abrasive action. The amount and
abrasiveness of the particles in the flow will influence the amount
of soil detached by abrasion.

The same factors that determine detaching capaci'J act to determine
the transporting capacity. As mentioned before, sheet flow has very
little detaching capacity. It is effective in transporting soil materials
because raindrop impact keeps the material in suspension. It has been
oteerved that muddy water flowing across a parking lot left a deposit
of mud under each car while the surrounding pavement was washed clean.
(Ref, 2) 14 this case, the velocity and turbulence of flow alone were
not enough to keep the material in suspension. The material detached
by raindrops and transported by sheet flow is the finer textured soil
material.

The flow in rills and gullies transports material by "surface
creep," "saltation," and by suspension. In surface creep, the particles
roll or slide along the bottom of the rill or gully. The particles
move by saltation when the eneven forces of turbulent flow lift and
move them by jumps. Particles travel in suspension when the upward
velocities of turbulent flow exceed the settling velocities of the
soil material. In general, the larger particles are moved by surface
creep and saltation while smallel particles are moved by suspension.
Unless limited by the amount that can be detached, the total amount
of material moved depends on the transporting capacity of the runoff
and the transportability of the soil material.

One other aspect of climate can cause severe erosion. Rainfall
on partially frozen soil can oause excessive runoff and erosion. In

such a case, infiltration may be practically zero, resulting in nearly
100% runoff.

In the second unit in Part II, we will discuss soil loss prediction
using the Universal Soil Loss Equation, The effects of rainfall are
represented in this equation by the factor R. This factor reflects the
combined potential of raindrop impact and turbulence of runoff to trans-
port dislodged particles from the field. (Ref. )),

The second factor influencing erosion is the soil. When all other
factors are held constant, different kinds of soil will erode at dif-
ferent rates. Soil differences may cause more than a tenfold difference
in erosion rates. The difference in erosion rate which is due to the
pioperties of the soil itself is called the soil erodibility. (Ref. 3)

The soil properti.s which influence erodibility by water are (1)
those that affect the rate at whirh water enters the soil (infiltration
rate), (2) those that affect the rate at which water will move through
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the soil (permeability), (3) the total water capacity, (41 factors af-
fecting detachment by raindrop impact and detachment by rollIng, lift-
ing and abrasion of flowing water, and (5) those that resist the trans-
porting forces of rainfall and runoff.

Soil erodibility has been investigated intensively in development
of the Universal Soil Loss Equation. The important properties arel
(1) particle size and gradation; (2) percent of organic matter; (3)
soil structure; and (4) soil permeability. There are several additional
properties 1.hich influence soil erodibility, but the above account for
the about 85% of the variance in observed soil loss.

Wischmeier and others have shown a very good correlation between
erodibility and an index derived from flve soil parameters. (Ref. 4)
Two of these reflect particle size and gradation while the other three
are % organic matter, soil structure, and soil permeability.

Soil particle size distribution plays a major part in determining
erodibility. (See Figure 10 for texture .1zes in various soil classi-
fication systemsl Erodibility tends to increase with greater silt
(.002 to .05 m.m. and very fine sand (.05 to 0,1 m,m.) content and to
decrease with greater sand (0.1 to 2,0 m.m.), clay (< .002 m.m.), and
organic matter content. Soils with a high clay content are generally
more resistant to detachment, although once detached, the clay particles
are easily transported. Clay soils also usually have poor infiltration,
thus increasing runoff. An increase in organic matter reduces erodi-
bility by Improving structure and the stability of structure. Organic
matter also Improves permeability.

Size and tyre are the important structure properties. Wischmeier
uses four structure codes to obtain an erodibility index. Code 1, very
fine granular structure, is the least erodible; followed by code 2,
fine granular; then code 3, medium ox coarse granular; to ,he most
erodible, code 4, blocky, platyt or massive structure.

Permeability must reflect the permeability of the whole soil pro-
filee In undisturbed soils, the limiting layer is usually below the
surface. In fragipan soils (soils with a natural subsurface horizon
which is very dense and very slowly permeable to water), the position
of the layer in the profile is important. If the fragipan is near or
moderately near the surface, it will increase erodibility. If it is

below a thick loam surface, it may have little effect on erodibility
except in very large storms.

The soil properties will be discussed further Ln the unit on soil
loss prediction. The K factor of the Universal Soil Loss Squation is
the index of credibility.

In the two factors discussed thus far, we have covered the causes
of cro31, 1,v water. We have been concerned with tne power of the rain
to erode and tn, r^sistance or susceptibility of the soil to erosion
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F igure 10 Soil Classification Systems
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The remaining two factors function tc modify the effects of the inter-
action of rain and soil.

The most important effects of topography are the results of length
or steepness of slope. Slope shape nd slope direction will have some

effect.

Slope length is the distance from the point where overland flow
begins to the point where it enters a well defined waterway or the
point where deposition may oc,ur because of a decrease in slope gradient.
The longer the slope, the greater the depth of runoff. There is a

build-up in depth of flow and hence in velocity. Research has shown
the soil loss per unit area is proportional to some power of slope
length (E oc IP). (Ref 3) The average value of the exponent m is
abou:. 0.5. On slopes steeper than ten percent, the value of m is
about 0.6 and on very long flat slopes 0.3 is more appropriate.

Steepness of slope influences erosion in several ways. T'here is

more splash downhill on steep slopes. The velocity of flow increases
with slope steepness, and there is mcze runoff on steep slopes. Wis-

chmeier concluded that soil loss is proportional to: u.434.305+0,43s4

where s is the gradient expresled Ps percent slope. 6.613

In the Universal Soil Loss Equation, the factors for slope length
and slope gradient have been combined into a single topographic factor
Is

The shape of slopes will affect erosion. On convex slopes (slopes
which steepen at the lower end) and concave slopes (slopes which flatten
at the end), erosion will be either over (un convex) or under (on con-
cave) the amount that would be expected if tte effect were calculated
on the basis of an average grade.

Direct ion of slope has an indirect effect simply because of the
effect 41-dch exposure has on vegetation. South and southwest facing
slopes are usually harder to vegetate and maintain, other things being
equal.

Vegetation and surface cover is the last of the four factors in-
fluencing erosion. It 13 perhaps the most important factor from the

standpoint of control. The use of vegetation, mulches, and other sur-
face covers offers the greatest range of control alternatives.

Hudson (Ref. 5) illustrates the dramatic reduction in soil erosion
that can be obtained when the soil is well covered. He had two plots
about 5 by 90 feet. Each was kept free of weeds. One plot was covered
by fine-mesh wire screen. All of the rain passed through the screen
but the raindrops were broken so they reached the soil as small drop-
lets. In a thn-year period, the soil loss from the tare plot was more
than 100 times that on the screen covered plot. The loss on the
covered plot was only 3.8 tons per acre for the ten-year period.

3 6
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Vege+Ation of the right type and density can provide the same
protection as the fine wire screen. Erosion takes place on the soil
that is exposed to the unimpeded impact of falling rain. The amount
of erosion depends on how much of the land surface is left exposed
to this force. Hudson illustrated this by experiments with corn
grown at two populations:

plants/acre 9,000 l4,500

aound exposed 40%

Soil loss over a ten-year period was four times as much on the
9,000 plants per acre plot as on the li4,500 plants/acre plot. In
the above study, the amount of soil exposed was measured from
photogxaphs taken vertically down on the plots.

Osborn reported that amount of cover far outweighed factors
such as plant type or species. (Ref. 6) His studies were measur-
ing the splashed soil or detauhabilitf rather than soil loss. Ef-
fectiveness against splash was best indicated by the product of
total air dry weight of the above ground vegetation and percentage
of soil coverage. There were some differences between types of
plants that are worth noting. These are presented in Figure 11.

It is obvious from the results of the wire screen covered plots
tha t there are other ways of providiAg ef feet ive cover 'besides
vegetation. In fact, if erosion is '0 be controlled during the
establishment period of new seedings, spriggings, or plantings,
some type of surfac,: protection must be provided. The U. Soil
Conservation r,ervice indicates the effectiveness of several ground
covers in preventing erosion. ( Se( Table 2.)
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Figure 11. EffectIvenesb Of Vegetatlun In Preventing ..iplash Erosion
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Table Efft,ct Iveness Of Various Ground
Covers In Preventing Soil Loss

Kinds of Ground Cover

Nil , established stands of

5oll Loss Reduction As Related To
Bare Soil Surface
Percent Reduction

Permanent grasses 99
Perenntil ryegrass 9 5

Annual ryegrass 90
Small g,rain 95
Millet or sudan grass 95
Field hromegrass 97

Grass sod (permanent species) 99

Mulches (Anchored)

Hay 4 tons/acre 98
Small grain straw 4 2 tons/acre 98

Values for woodchips , wood cel luloso f iber, fiberglass , asphalt
emulsion, and similar materials have not been established, However,
these should be at least 90% effo,.tive when used at the following ratesi

Woodch 1 ps @ 6 tons/acre
Wood cellulose fiWr 1-)/d tons/acre
Fiberglass @ 112 ton/acre
Asphalt emulsion a 1250 gallons/acre

The discussion thus tar has emphasized the tremendous reduction in
erosion on well vegetated or mulched areas. Vegetation not only pre-
vents splash erosion, but also prevents puddling and sealing of the soil
surface. The efle,A., of a good vegetative cover ur mulch on runoff are
equally spectacular. Stallings reported on experiments comparing In-
filtration on vegetatedoulched, and bare plots. (Ref. 7) In these
studies on several different sull types, the protth.ted plots ralntained
a high water intake ra'e and practically no soil loss even at sustained
high rates of rain. Infiltration rates on bare soil plots ,iropped
rapidly and leveled Jut at very low rates. This effect was significant
even on an area of dune sand.

ltudies on grassland confirmed the value of vegetation for Increas-
ing water intake. (Ref. 8) Water intake results are summarized in
Table j.
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Table 3, Hates 01 Water Intake On Plots With
Varying Amounts of Vegetative Cover

A 1r Dry
Material Dead Plant Rate Of Water Intake Total

Vegetation Litter 18t p mth. 2ndaQ_ rain. Intake
-(Pounds/Acrel (Inches/Hour) (Inches)

Heavily grazed plot 727 342 1.81 1.16 1,48
Moderately grazed plot 1,574 l,792 2,78 2.15 2,40
Ungrazed plot 2,201* 4,151 4,2? 4 , 2? 4 .2?

In this study, multiple rogr.emion analysis Indicated that total
vegetation and dead plant litter accounted for 88% of the difference In
water Intake.

Ono further value of ve-, `atIon is its effect on runoff velocity.
Certain typos vege"ii are known to be very effective in reducing
erosion by flowing water, Vegetation is frequently used to provide a
protective lining in shallow waterways.

In these channels, vegetation provides protection by reducing the
velocity near the bed of the channel. Observations through vertical
glass walls in experimental ch...^nels reveal that the vegetation remains
up in the flow, whiPpirig hack and forth. The severity of the whippthg
is a function of velocity, depth of flow, roughness of the bed, and
velocity distribution from surface to bed. Vege"..ion with a dense uni-
form growth near the soil surface and a strong fibrous root system
most effective in reducing erosion. Good uniform stands of Bermuda
grass, Kentacky bluegrass, or tall fescue meet these requirements. All
three are sod-forming and have a high percentage of basal leaves (leaves
originating near the soil surface). They will provide good surface
cover even after mowing and with good management will retain their
density indefinitely.

Roots have important Influences on both erosion and water intake.
Their primary effect is through improvement of :2o1.l structure and
organic matter content. Roots are not in a position to shield the
soil from raindrop lmpict or to hold soil against the detaching force
uf runoff unless erosion has aLready progressed far enough to place
them on the surface. They rray provide some protection 8t.gaInst the mud
f lows wh 0'1 occur on thawed saturated surface layers above frozen son.

The C value in the Universal Soil Loss Equation reflects the vegeta-
tive or surface cover rule in erosion and the managnent of the vegetation.

This completes the detailed d iscussion of the erosion prsacess . An
understarAing of the material covered in this unit is basic for develop-
ment of erosion and sediMat control systems.

Test yourself by answering the following questionst
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1. Define the five typos of erosion and name the erosive agent(s)
for each type,

2. What are the major facuu,rs affecting erosion and what particular
characteristics determine their effect? List factors and indicate
characteristics for each,

3, What factors determine the vc.lume of runoff from a site?

4. What factors determine the v,)locity of runoff in overland flow'

5, Describe the process which rasults in rills and gullies and
indicate why they form,

Summary I

Raindrop erosion is the first effect of rain on the soil, The

erosive agent is the vertically applied force of falli raindrops.

Sheet erosion is the loss of shallow layers of soil as the particles
of soil dislodged by raindrops are carried off by surface runoff. The
primary agent Is raindrop splash which dislodges and keeps the particles
in suspension. Runoff is the secondary agent.

Rill erosion Is the erosion which develops as the shallow surface
flow gathers in surface Irregularities. Tiny channels erode as the
flowing water gains enough velocity and turbulence to dislok,e and trans-
port soil material,

Gully erosion occurs as rills join to form deeper and faster flows.

Channe, 'osion is the cutting of banks and/or beds of ditches and
streams,

The four major factors in water erosion are climate, soils, topo-
graphy, and vegetation.

Rainfall is the most Important aspect of climate affecting soil
erosion. The total kinetic energy of the storm and its intensity de-
termine its arosive effect.

Soils differ in erodibility other factor-, baing equal. The Impor-
tant characteristics aro particle size gradation, organic matter content,
type of soil structure, and permeability.

iwo major characteristics of topography affect erosion. The length
of ',lope determines the amount of water added as the flow proceeds down-
hill and .0 Lniluences velocity by increasing depth of flow. The slope
gradient Increases the velocity of flow, There is more splash downhill
on steep slopes and more runoff,
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Slope shapes will also affect erosion. On slopes which steepen at
the lower end, erosion will be greater than for a comparable length at
a uniform grade of the same average percent. On slopes which flatten
out at the lower end, it will he less.

Vegetation reduces the effects of raindrop impact by absorbing the
force before it can act on the soil. Ihis prevents the detachment of
soil particles and the sealing of the soil surface.

The volume of runoff from a site i determined by the amount f

rain on it less that which soaks into the ground or is held ih surface
depressions and on leaves and stems. Soil infiltration and percolation
rates and the effect of vegetation on infiltration determine the walei
intake.

Velocity is a function of slope gradient, depth of flow, and the
retardance due to the surface over which it flows. The effect of
length of slope is to add to the amount of contribui ing watershed thus
increasing the depth of flow.

Rills and gullies are caused by channelized flow. Runoff begins
as a very thin sheet of flow all over the soil surlae as the rate of
rainfall exceeds the infiltration rate. It remains as sheet flow only
to the nearest depression or irregularity that is lower than the sur-
rounding surface. Tiny rills form then join to make larger ones and
so on. The pattern of resulting rills and gullies resembles the sil-
houette of a tree the twigs at the outermost part representing the
f irst tiny rills, these loin to form branches representing larger rills
which join to form larger limbs like gullies until all is converged
into the trunk or main channel. The rills result from the scouring
action where the flow and velocity are enough to delach and transport
soil material.

4 2
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Unit 2. Predicting_ Soil Losses

Purpose and Significance,

This unit will discuss the use of the Universal Soil Loss Equation
in predicting rainfall erosion losses. Planning for erosion and sedi-
ment control requires a knowledge of the factors that cause soil erosion
and those that prevent it. We must be able to determine the erosion
hazard in quantitative terms before we can decide how to control it.
This unit 1.111 prepare you to answer Such questions as, "Just how erodible
will the subsoil at this site be if exposed by gradine" or "How will
erodibility differ at different depths of cut"; "Where are the most
hazardous areas7"; "Where are the least hazardous" Also, "After all
possible erosion control measures have been taken what are the prob-
able soil losses, and what sediment control measures will be required?"

This unit builds on the knowledge of the nature of the process of
erosion which you acquired from the previous unit. It will give you
rather definite quantitative values for the influence of soil, rain-
fall, length, and gradient of slope and of vegetation in the erosion
process. It will help you to understand the interrelationships between
these factors.

Ob,iectives:

When you have completed this unit, you will be able to.

1. Write the Universal Soil Loss Equation.

2. Name and explain each equation factor.

3. Give data for a specific location and site, using the USLE
estimate the expected soil loss in tons per acre per year or for a
given period under various cover conditions.

Content

The basic references that you will need for this unit are the con-
tent which follows ant ja a in Appendix II which was taken from Predict-
ing Soil Losses in Virginia, U.S. Soil Conservation Service, Richmond,
Va., 1975.

The dovelopnerrt of equations for estimating soil loss began in the
early 1+0's. Forerunners of the present equation proved their value
as tools in conservation planning. These early equations had some short-
comings, particularly when attempting to use them in parts of the country
other than where they were develep,d The present equation was developed
in the 1950'5. Data from erosion control research obtained since the
early 1930's was as5cmbled and analyzed at the U,DA doll Loss Data Center
at Purdue University. The result is called, "The Universal Soil Loss
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Equation." (Ref. 3) This equation is used to predict sheet and rill
erosion.

The Soil Loss Fquation is t A RKL.SCP, where t

A, is the computed soil loss in tons per acre.
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 a specifi,.. rAin. When other factors are con-
stant, storm losses from rainfall are directly proportional
to the product of the total kinetic eneru of the storm times
its maximum 30-minute intensity.

K, the soil erodibility factor, is the erosion rate per unit of
erosion index for a specific soil in cultivated continuous
fallow on a 9% slope 72,6 feet long. This unit is in tons
per acre.

L, the slope length factor, is the ratio of soil loss from the
field slope length to that from the 72.6 foot plot.

5, the slope gradient factor, is the ratio of soil loss from
the field slope gradient to that from the 9% plot slope.

C, the cropping-management factor, is the ratio of soil loss
from a field with specific vegetation or cover and manage-
ment to that of the standard tare fallow condition. This
factor reasures the combined effect of all the interrelated
ccr,er and management variables plus the growth stage and
vegetal cover at the time of rain.

P, the erosion control practice factor is the ratio of soil
loss with the practice to that from a f leld with no
practices.

Soil erosion by water is influenced by many variables, as you know
from the previous unit. The soil le equation isolates each variable
and expresses its effect as a number. When the numbers for each variable
are multiplied together, the product is the amount of soil loss. In
using the equation for any given situation, the numerical value of
each factor is fixed. That is, there is an area of land with a certain
slope gradient and slope length on a sNcific kind of soil with either
a bare surface 01 some type of vegetation and/or mulch cover on the
surface. These numerical values are readily available for the soils,
slope , rainfall , and vegetative conditions you will encounter Lc. V ir-
ginia . The equation estimates sheet and rill erosion. It does not
consider soil losses caused by gully erosion.

R, the rainfall factor was reported by Wischmeier in 1959. (Ref.
9) Values for key locations in Virginia are given in Appendix B,
page B-6,
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The R value was derived after analyses of over 8,000 plot years of
data. It reflects locational differences due to total erosivity and
distribution of erosive rains. The, analysis of data ruled out the con-
clusion that significant soil loss is associated with only a few rare
storms. The results of more than 30 years of measurements show that
annual soil loss is the result of the cumulative effects of many
moderate sized storms plus the ei fec of the occasional severe
storms.

Research data show that when other factors are held constant., the
soil losses per storm are directly proportional to the product of the
total kinetic energy of the storm times its maximum 30-mthute intensity
,(Erosion Index EI). This erosion index reflects the combined ability
of raindrop impact to dislodge soil particles and of runoff th trans-
port the dislodged particles from the field. Me term 30-minute inten-
sity means the intensity of the 30-minute period with the greatest
average intensity of a storm. It can easily be obtained from a record-
ing rainpge. It is in inches per hour. The energy of a storm can be
computed from data cn a recording rathgage chert and tables of rainfall
enera.

The usual R factor is the average annual value of the erosion index.
Appendix B, page B-7, indicates R value probabilities for R values
that m!..ght occur one v ear in five, and one year in twenty. Although
R is th e average annual value, data is available so that the erosion
index for any part of the year can be determined. Appendix B, page
B-7, also gives the percentages of the annual R which occur in each
month,

The soil erodibility factor K for a particular soil is the rate
of soil loss in tons per acre for one unit of erosion index from
standard plot. Standard plots are 72.6 feet long and 6 feet wide.
The K value is the only quantitative value th the equation. The
first K values were determined for 23 ma jor soils on which plot
studies were conducted. X values for most other soils were estimated
by comparing their characteristics with those of the 23 soils on
which K had then established. In 1971, Wischmeier presented a nomo-
graph for the determination of K. (Ref. 4) This was referred to in
the previous unit when describing the soil properties which influence
credibility. The X values for Virginia soils are given in Appendix
B, pages 3-8 to B-26 for named soils. For determining K on other
soil materials the nomoicraph, Figure 12 is used.

To use the nomograph, you will need the following data (1)
% silt + very fine sand (.002 to 0.1 m.m.); (2) % sand (0.1 to 2.0 m.m.);
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Fiure 12. Soil Erodibility Nomograph
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(3) % organic matter; (e) type of soil structure * (Code 1-very flne

granular, Code 6-ranular, code 3-medium or coarse granular, and

* :;tructure is the arrangement of the primary soil particles Into lumps,
granules, or other a,,,,rxer,ae,. The structure is often described as weak,
moderate, or strong to express the durability of the aggregates, but
this characteristic to ,],,t represented In the nomograph. The size of

the aggregates are described as very fine, fine, medium, coarse, and
very c,->ars.,. Ak;gregate shape is ,escribed as granular, platy, or blocky,

Structure-les: :oils, in which the particles arc coherent, are de-

scribed as massive.
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Code 4-b1ocky, Platy, or massive); and (5) permeability (1-rapid, 2-
moderate to rapidt 3-moderate, 4-slow to moderate, 5-slow, 6-very slow).
Refer back to Figure 10 for chart of texture sizes in various soil
classification systems.

The five parameters used in the nomograph can be obtained from
routine laboratory determinations and standard soil profile descriptions.
If you are using USEA mechanical analysis data, adjust them by subtract-
ing the percent of very fine sand from the sand fraction and adding it
to the silt fraction. All data should be for the upper 6" to 7". This
would be the newly exposed layer on graded areas. Enter the nomograph
with percent silt plus very fine sand on the vertical scale at the left,.
Proceed horizontally to intersect the correct percent sand curve (for
values falling between the curves make a linear interpolation), then
move horizontally to the right. If the structure is fine granular
and the permeability moderate, the K can be read from the "first
approximation of K scale" on the right-hand margin of the nomograph.
If structure is other than above, proceed across to the appropriate
structure curve in the second section and vertically downwid to the
appropriate permeability curve, then horizontally to the left to the
K scale. The nomograph has proven to be very accurate when checked
against actual field measurements of K.

Slope length is the distance from the point of origin of overland
flow to either the point where the slope gradient decrease enough to
cause deposition or to a point where the runoff enters a won defined
channel. The slope gradient is in feet fall per hundred feet (percent).
In the equation, length L and slope S are handled as one factor, LS.
It can be obtained from Appendix B, Table 1, page B-1. Measure actual
slope length and grade from the area under consideration in the field.
It would be satisfactory to pace off the slope length and measure the
percent of slope with an Abney level. Obtain the LS factor from the
body of the table opposite the percent slope and in the column under
the slope length. The LS factor is the expected ratio of soil loss per
unit area on the 'ield slope to the corresponding loss from the
standard plot on 9% slope 72.6 feet long.

With the factors discussed thus far, an estimate can be made of
soil loss on bare construction sites. For e xample 1

For a site location in Rockingham County R - 150 (Appendix B, p, B-6)
Soil is Duffield, surface horizon, from Appendix B, p. B-14;
K - .32. The slope is 200 feet long and 10% gradient, from Appen-
dix lilt Table 1, page 8-1, LS 1.94

For bare soil C and P are unity.

A .,- RK(LS)

- 150 x .32 x 1.94
A , 93.12 tons per acre

Assume that this same area was going to be bare only from June to
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August 30.

From Appendix B, page B-7, under "Mountains & Valleys" June has
20% of annual R, July 234, and August 17%; or 62% for the three months.
Sixty-two % of 150 - 93.

A - 93 x .32 x 1.94
- 57.7 tons per acre (Rotel This is the most erosive

period of the year.)

In the second example above, if mulch at 2 tons straw per acre is to
be applied to the area and anchored immediately after the vegetation is
removedt the losses would bet

A - R K(LS)C
- 93 x .32 x 1.94 x .05 (C value from lable 2d., Inge 6a.)
- 1.7) tons per acre

F.rosion can be estimated In the same manner as above when surface
conditions will (..hange during the time period you are dealing with. If
an area is to be bare one month before seeding and mulching, calculate
the son loss using RX (1,;) only. The R value must be calculated by
taking the per,...entage of total R which occurs in tha.. month from Appen-
dix 9, page 13-7. For examplet if August is the month, 17% of 150 -
25.5 R for August. The R for the remaining time period that you 3.re
concerned with must be obtained in the same way, and the C factor for
mulch is obta ined from Appendix B, page 9-5, 1 able 2d .

When conservation practices, such as diversions or interceptor
dikes are used, they simply alter tj..o slope. length. The C values for
mulches, given in Table 2d. of Appendix B, should be used on slopes
below 10%. There is evidence which indicates that higher C values
should be used on slopes above 10% grade. Also, as slope length in-
crease above a certa,n maximum level, the C value rises rapidly. Tenta-
tive values of C proposed by W ischme ler arc given in Table Lt.

The equa Ion will have many uses in evaluating the erosion hazards
on construction sites. If K values are needed for soil ma.terial be-
low the lepths given in Appendix V, they can be easily determined by
a soils technician from 6-inch diameter soil cores taken at the site.
The K can be obtained, using the nomograph. Having, this information,
it may be possible to adjust planned depths of cuts to terminate
either above or below highly erodible layers. The relative advantages
of slope shapes may be determined by erod ibility of the exposed
material. Dec on ,..he her ipsoll ing is needed may res on
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Table 4. Tentative Values Of C For
Various Mulches And Slope Conditions

Mulch Ton Slope C Value
Maximum

Slope Length

Tons/Ac. Ft.

Tyne

1. None 0 All 1

2. Straw or Hay ,

tied down by anchor-
1.5 3-5

6-10
.12

.12

300

150

Lng or tracking equip-
ment across slope 2.0 3-5 .06 400

6-10 .06 200

11-15 .07 150

16-20 .11 100

21-25 .14 75

3. Crushed Stone 60 15 .17

20 .17 ---

135 15 .05 200

20 .05 150

4. Woodchips 7 15 .08 75
20 .08 60

12 15 .05 150

20 .05 100

1/ If straw is not anchored, rilling may occur beneath it. In such a
case, C values should be doubled.

2/ As lengths are Increased beyond these limits, the C value would
rise rapidly -nd aporoach a value of 1. This would greatly In-
crease the predicte.1 loss.

erodibility of the exposed layer.

Check your grasp of the Universal Soil Loss Equation by answering
the following questionsi

1. Write the Universal Soil Loss Equation.

2. Name and explain each factor in the equation.

3. Deternine the soil loss for each of the following situationst

a. A ten-acre construction site In Loudoun County is to be

4 9



graded March 1, and will be under construction one year. The soil type

is Clone lg. The slope is 10% and the slope length is 350 feet. Grad-

Lng will not exceed 2 feet in depth. What is the estimated total soil

loss from sheet and rill erosion Lf left bare the whole year?

b. If the area was left bare until May 1, then mulched and
a temporary seoding made, what would be the soil loss?

c. What would the soil loss be if 1/2 the area were graded

3 feet deep and the whole area remained bare?

Summary

The Universal Soil Loss Equation is A -RK L SC P.

A is the soil loss in tons per acre from sheet and rill erosion.

R is the rainfall factor. It is the number of erosion index units
in a year's rain. The erosion index is a measure of the erosion force
of a specific rainfall.

K is the soil erodibility factor. It is the erosion rate in tons
per acre for each unit of the erosion index (R) for a specific- soil in
cultivated continuous fallow on a 9 porcent slope 72.6 feet long.

L is the slope length factor. It is the ratio of soil loss from
the field slope length to that from a 72.6 feet length on the same
soil type and gradient.

S is the slope gradient factor. It is the ratio of soil loss

fror f ield gradient to that from a 9 percent slope.

C, the cropping-management factor, is the ratio of soil loss with
specif led cropping or vegetation and management to that from continuous

fallow.

P is the erosion control practice factor. It is a ratio of soil
loss with a specified practice to that from straight-row cultivation

up and down slope.

The soil loss from a ten-acre site left bare from March 1 for a

f ull year would be: (C and P are unity)

A - R K (1,5) x 10 acres - 150 x .32 x 2.55 x 10 - 1224 tons

If the area was bare from March 1 to May 1 then mulched and

seeded :

A - R X (LS) C for March and April

R for March and April is 10 percent of annual or 15

A 15 A .32 X 2.55 X 10 122.4 tons
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For May through Fetal:Lary:

- E X (Ls) C

where R is for May through February - 135

where C is 05

A - 135 x .32 x 2.55 x .05 x 10 55.08 tons

122.4 plus 55.08 - 177.48 tons for year.

If the same area were bare all year and one-nalf had been graded
3 feet deep, and slope remained 10 percent and 350 feet long:

A - 150 x .3: x 2.55 x 5 plus A 150 x 43 x 2.55 x 5

. 612 plus 822.37

- 1434 tons.

These problems illustrate the versatility of the equation. In

actual practice, in part two of the problem, the C factor for May
through February would be slightly lower, The 0.05 would prevail
while the 2.0 tons of tied down mulch was the sole protection.
Vegetation would begin to Lmprove the cover after the first month
,,c) that a C of about 0.02 would be applicable probably in about

two months.
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Unit 1 Channel Erosion and Storm Wa ter Management

Parpose and Significanct

This unit covers some aspocts of channel erosion, and some of the
effects of urbanization on channels. These effects are described and
illustrated.

A knowledge and dn appreciation of the factera affecting stroam
channel el , ion and of how urbanization influences runoff is essential
in making a reasoned response to the storm water management require-
ments in the Virginia Erosion and Sediment Control Program. This unit
deals with the general changes that occur with urbanization. It dis-
cusses the direction of these changes. Methodology for determining
the magnitude cf U)ese changes will be covered in Part III.

ObjectiVOSI

1. List abuses, which often occur with development, which cause
channel erosion.

2. List the flow characteristics which cause channel eroalon.

3. Refer to the factors which affect volume of runoff (Objectives
under Erosion Process) and explain how runoff volume changes nO.ght
affect channel erosion.

4. List the factors 4hich determino velocity of runoff in
channel ized flow.

5. List factors which determine turbulence of flow.

b. Explain how urbanization affect volume and velocity of run-
off, travel time, time of concentration, and peak discharges.

Con t en t

Ibis unit is concerned with the erosion and sedimentation which
o, cur, LP the well defined permanent watercourses both on the develop-
ment site and off site.

Some of the most damaging channel erosion is caused by the con-
struction activ ities. In the relat vely stable small streams, the
upper portion of the banks become I r ly well vegetated . This vegeta-
tion protects the banks from flows which are higher than the norral
flow. Vegetation along the floodplain also provides protection. It

protects by slowing the runoff which comes from the adjacent land and
spills ove/ thr banks and intc the stream. Careless construction
act ivit i,"3 May 1,'..5troy the bank an: floodplain vegetation and leave

the lankcs vulnerable to erosion. Cenetal construction trafffic may
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cause damage if allowed too near the bunks. Careless grading, unpro-
tected stream crossings, and other activities which destroy the vegeta-
tion on and near the banks will lead to erosion damages. also,
temporary construction roads or other works may concen trate runof, f ,
bringing it Into the stream Ln such a way as to cause erosion.

The changes which usually occur after urbanization are described
by Guy. (Ref. 10) Urban construction is usually followed by a
period of rapid channel erosion if no control measures are Installed.
Channels, which prior to development wore relatively stable, have
been obeerved to completely unravel during the first few years af ter
development. It is the tremendous potential for damage, the causes,
and possible cures that will be examined.

Channel erosion was defined in the unit on the erosion procesa.
It is essentially the same process that occurs in rills and gullies.
Flowing water is both the detaching and transporting agent. The de-
taching capacity of the flowing water Is determined by its velocity,
turbulence, and by the amount and type of abrasive material that it
carries. If the flow is already carrying sediment up to Ito total
capacity, it will not be able to detach and carry more from the par-
ticular reach of channel under consideration. Since urban develop-
ment is usually followed by a period of rapid stream or channel ero-
sion, some of the above factors presumably are changed by urbanization.

Figure 13. Urbanization Has Typically Provided
For.Rapid Conveyance Of 'Storm Drainage

(This structure will handle water safely on this
site, bat may cause higher and more hazardous
peak flows downstream.)

-
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Leopold discusses the relationships between land uses and stream
channel ( harac Lel is ti( a. (Ref. 11) He points out that stream channels
form in response to the reK linen, or characteristic behavior, , of the
flow. The two principal factors governing changes in the t.haracteris-
tic behavior of the flow are the percentage of the area made imper-
vious by urbanization and the changes brought about in conveyance of
water from the developed area tarough provisions fur storm drainage.
Urbaniza tion greatly increases the impervious area, and it usually
provides for rapid conveyance ol storm runoff to the point of disposal .
These changes Intl uen,C the number of times that the normal flow rises
in response to runeff. They influon,e the peak discharge and discharge
duration from these events, and they may thange the amount of sed iment
carried by the rises in flow.

The volume of runoff is :elated to types of (over, land slope,
and infiltration capacity of the soil. Volume is directly related to
the percentage of the area covered by impervious ma terial such as
streets, parking lots, and roofs. Leopold summarizes some data on
the relationship between let size and pert entaga of impervious area
for res ident ial areas :

I,ot due
e;q. Ft.)

(WO

0,000-15,100
15, -)00

Impervious durface Area
(%)

The prc,; ti impervious area may drop below 0 percent for
ievelopments of .-aare lo s

The int r a u volume of runofi which re',ul s from Yarious per-
centages of Lc per,/ I us az ea obvieuhly auo, o in, rea sec, in flood peaks.
Typical dillorences between runoff from on area before an I after
uxbeniea4 ion is presented ocraphically in Fe re 14.

It war;

rehponse to he
=flown that they

ightly
the tanks. The
river, is hetwee
creao fl od 1-1
val of tar:Y.:ell
L. pold ;11.71.-tt e

ion(I earlier that stream channels change in size in
chara r, ' "X'1,,v in Of the flows. 3tudios have
cut and main ta in thannelc which can.), a discharge

than tho average anrual flood withoct overflowing
ro- arren,e int er ,ra 1 of th ia hankfull flow in most
o 1-1 /. to year. (ince urianization tendt; to in-
tO :al Pr rn U ill te I area , the recurrence inter-

flaw will he mon ,f ten than 1-1/0 to years,
tha 1 ir-r, nt f on( square mile drainage area
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Figure 14, Hypothetical Unit Hydro,.;rapho,

Beforo And After Urbanicat ion

P f ter Uf ban iza t Ion

N_,fore Urbanization

HOURS

sewors,?, an 0 soreent impervious c)v .r, bankfall stage would then

occur abou, two tihes a veal . With 50 percent sewered and 50 percent

impervious, It wuald bo nearly feur timer, a year. Figure 15

illustrate 'hese chalalc.2,.
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Figure 15. Increase in number of flows per year eqtial to or exceeding
original channel capacity (one square mile .irainae area),,
az, ratio te nuabu f dverhank flows before urlxinization
for different deees of urbanization. (From: U. S.
Geologic Survey Circ. 554)

8

2

1

0 L 1

Percent sewered 20

Percent 1 mperv tous 20

None

40 50 80 100
40 SO 60 60

Degree of Urbani za t ion Complete

The increat.ed numher of bankfull flows and nearly bElnkful1 flows
cause the oristinal channel to erode. It will continue to adjust to
the changes until a channel that will handle the new average a'in al
flood is formed. Leopold illustrate., this using a slightly le than
cc -,quare mile drainage Insir in the Brandywine River Watershed in
i'ennsylvania. Bef ,re arbani.tation, a ch.annel carrying 55 cf- at bank-
ful 1 stage weul I handle the average annual flow. Urbanization coUld
cause this flow to ircrease .'.7 times or 150 cfs. The channel would
adjust in keeping with the new ft ,w characteristics.

Before Af ter

Sine of Channel 2 ft. Jeep, 11 ft. wiJr, 3 ft. dr_sp, 2 ft. wide
Veloci,y .2.`) ft./sec. 2,5 ft./sec.
Capaci'y cfs 150 cfs
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If such an adjustment takes place in one mile of channel, the
erosion would produce 10,000 tons of sediment.

The adjustment in chonnels takes place because of the increase in
the number and size of high flows. Velocity is higher for these flows
than for pre-urbanization flows, and since turbulence increases with
increased velocity, it is also higher. The channel adjusts in size
until the number of these erosive events is about the same as before
urbanization.

In addition to the devastating erosion and sediment problemc there
are other damaging aspects to this channel enlargement. The incraase
in direct runoff and decrease in infiltration mean less ground-water
recharge to sustain low flows between the rainfall periods. This mal-
adjustment Gauses a very unsightly channel during low flows. Erosion
has denuded the banks,and the bed is apt to be muddy and full of
debris. The effect on aquatic life is to decrease numbers and variety.

All of these damages point to the need for measures which will
counteract the effects of urbanization. The measures should increase
infiltration to the extent possible and provide flood storage and
controlled rel,ase to maintain the pre-urbanization flow characteris-
tics as much as possible.

Practices which increase infiltration ares the use of swales
along streets for water disposal instead of paved gutters and curbs;
the use of cluster development, planned unit development, and other
arrangeme which piJvide the planned number of housing units with
a minimum of rooftops and paved areas; and the use of pervious pav-
ing materials. Both underground and surface storage facilities of
various types can be used to store excess runoff. Release facilities
could control the flow to keep it to the level which prevailed before
development.

Read pages 1-1 to 1-4 of Appendix Cc USDA, Soil Ccn,,ervation Service
Technical Release No. 55. Then test your grasp of this unit with
the questions below.

Questions:

1. Briefly describe some construction practices which are often
damaging to stream channels during construction.

2. Name the flow characteristics which cause channel erosion.

3. Explain how changes In the volume of runoff might affect
channel erosion.

flow.

4. Name the factors which affect velocity of runoff in channelized
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5. List the factors which determine turbulence of flow.

6. Explain how urbanization affects volume and velocity of

flow in channels.

Summary:

Construction activities which destroy streamtank and adjacent
vegetation or bring in concentrated flows at unprotected points will

cause stream channel erosion. Lncontrolled traffic, careless grading,
the use of unprotected crossings, and other activities which destroy
vegetation are examples of these destructive construction practices.

The flow characteristics which cause erosion are velocity and
turbulence of the flow plus the amount_ and type of abrasive material
in the flow. The increase in volume of runoff from urtanized areas
causes higher peak flows in the channels and hence higher velocity.
i;ince turbulence also increases with velocity, it aads to the ero-

siveness of the flow. The number of high flows per year also increases
so the channel is not only subjected to higher velocities, but also

more often during the year.

Depth of flow, gradient, and roughness of the channel bed and
banks determine velocity of the flow. lhe depth of flow is the main
factor which is increased by development in the watershed. If the

channel is realigned or smoothed during development then the grade
and roughness may b.3 affected. araightening the cnannel would in-
crease the grade and hence the velocity and smoothing would reduce
the roughness or retariance and thereby increase the velocity.

Turbulence increases with velocity and with increased rough-
ness in the channel.

Urbanization increases the volume of runoff by covering part of
the watershed with impervious streets, roofs, and parking areas.
Gutter: and storm sewers hurry the runoff to the channel. The chief

reason ftr increased volume is the impervious cover. Velocity i-

higher in the flows of increased depth, and it will also increase if
the runoff is flowilif; over smoother surfaces than it did prior to

development.
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Unit 4. The Sedimentation Process

Purpose and Significance:

This unit discusses sources of sediment, transport, yield, and
deposition of sediment. Transporting capacity will be related to
characteristics of the material transported and characteristics of
the transporting flow. The factors governing the deposition will
be discussed and related to types of sediment material.

A knowledge of all of these items is essential to the development
of a complete erosion and sediment control plan. It is particularly
important in planning and designing the second line of defense in the
system, the sediment control practices.

Objectives:

1. Indicate the sources of sediment, and discuss the relation-
ship between source and size of material.

2. List the factors which determine the sediment load.

3. Describe the behavior of the various sizes of soil materials

in a flow.

4. Explain how sediment is deposited.

Content:

Sedimentation includes erosion, transportation, and deposition
of sediment. The first unit in this part discussed the erosion part
of the process. In this unit, our main concern with erosion is as
the source of sediment.

Sediment is transported as suspended material Ln the flow, as
material bounced along the bed and as material which slides and rolls
along the bed. As one would suspect, the suspended load is maoe up
of the very fine materials. Clay and colloids are generally evenly
distributed throughout the flow. Silts are more or less evenly dis-
tributed in turbulent flow, but have a tendency to be more concentrated
near the bottom. Sands and larger material bounce, roll, and slide
along the bed. These are referred to as the bed load.

The nature of the sediment is primarily determined by the SOUrce.
Splash erosion and associated sheet erosion remove fine materials.
These materials are carried as suspended load. This material, par-
ticularly the clay, stays in suspension for long periods of time.
The amount of the very fine material moving in a flow is related to
the rate of supply of the material. It is seldom present in amounts
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equal to the carrying capacity of the flow The amount of these
materials supplied depends 07' the soil material oake-up, the resistance
to detachment, and the detaching capicity of the erosive atent

The amount and type of bed load are related directly to the flow.
The movement of bed load tends to be in talanee with flew conditions.
This has an important bearing on channel stability. If the flow be-
comes loaded beyond its transporting capacity deposition occurs.
However, if the load is less than the transporting capacity, the flow-
ing water attacks the channel in an effort to achieve the balance be-
tween load and capacity. Any change in sediment load or in flow
characteristics will have an effect on channel stability. Velocity
turbulence, and the size and type of materials available are the
primary factors determining the sediment load.

Deposition of sediment is the inverse of erosion. It occurs
when the carrying capacity of the flow is reduced until it is less
than the sediment load. When flow is diminished, the coarser frag-
ments are deposited first. As it continues to diminish, smaller
and smaller larticles are deposited. Deposition, like erosion, is
a selective process which results in a gradation in the size of
material in sediment deposits.

3ediment deposits may occur on land or in various forms in bodies
of hater.

Deposits can occur or, land when the runoff from slopes reaches
more gently sloping land. The runoff loses velocity and hence the
capacity to carry the sediment load. Runoff flowing from tare to
vegetated areas will also lose carrying capacity and deposit some of
its load,

Deposits occur in water as a faster flowing stream flows into
a slow moving one or into a pond, lake,resgrvoir, or ocean. A stream
reaching a lower gradient channel will also lose carrying capacity
and fore deposits if the load it is carrying ,xceeds the new carrying

apa

To develop adequate sediment control we need to know the source,
amount,; and nature of the sediment. If the sediment is mainly from
splash and aznociated sheet erosion, tte n land treatment is the most
appropriate control ,ed melon t trap: sod basins are much less efficient
in trapping the very f ine material nom this type of erosion. If the
material is mainly eoarse material from gullies and channels, there
are two ways to ,ontrol the erosion. One is to alter the flow charac-
teristics by reducing grades, widening cross oections, and reducing
turbulence , or by reduc ing the flow wi th the use of reservoirs. The
other is to provide some prot ecti ve cover to the channel banks and
perha ps, to the bed .
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When erosion cannot be controlled at its source then sediment may
be removed from the tlow before going off-site by the use of sediment
traps or sediment Insins.
Questions:

1. What is the primary source of the clay and silt materials in
the sediment load"' Of the sands and coarser mate, lair:,

flow.

2. What factors determine the sediment load',

3. Describe the behavior of the various sites of material in a

4 Explain why, how,, and where sediment is deposited,

.1tumma ry

'The primary source of clays and silts is ntom splash erosion
This erosion process is very selective Coarser materials usually
come from gullies and from channel benT<s and beds.

The amount ot sediment, ur sediment load, iepends upon the energy
of the movthg water. Energy increases with Increased velocity. Velocity
increases an gradient inmreases,, as depth of flow Increases, and as
channel roughness decreases.

Col loida 1 ma t erial sw,h as clay, , remain suspended in the flow
and move along as a par rf Tt. 'ZI.lts may be suspended throughout the
entire de pth of t urbulen t flow, , but tend to be more concentrated near
the bottom, .lands and coarser ma feria ls usually bounce , roll, and
slide along the channel led.

Sediment is deposited as the flow loses its energy,. This happens
when a flow spreads out into a more shallow flow at the same grade,,
when the grade is reduced, and when the flow enters a pond, lake, or
other still body of water.
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PART III CONTROL

Unit 1; Principles of Erosion and Sediment Control

Purpose and Significancet

The principles 1.chich are basic to the planning and carrying out
of effective erosion and sediment control are presented and discussed.
Principles are in two major categories. First are the principles which
guide the sequence and breadth of the program for any given site.
Second are the specific "how to do it" principles of erosion control
and sediment control.

The principles relate directly to the things which you have al-
ready learned about the erosion and sedimentation process. They are
based on the need to neutralize the force of erosive agents and of
transporting agents.

An understanding of these principles and of the fundamentals of
the erosion process will give you the basic knowledge you will need
in developing an erosion and sediment control plan.

Objectives:

1. Name and be able to describe the three over-riding principles
which g-ulde the development of an erosion and sediment control plan.

2. Name five principles for the control of erosion.
Content I

There are three over-riding principles of erosion and sediment con-
trol which provide the basis for all of your plan ami design work. These
should become so ingrained as to provide a basic approach on each de-
velopien t project

The three principles aret

1. Erosion control is fundamental to the whole program and must
be the f irst line of defense.

Gediment control a backup for the erosion control measures
and the second line of defensc..

). Coordination of erosion control sediment control, and control
or management of the flow of water leaving the site to get a complete
well-integrated program.

:hat erosion control is the first line of defense logically follows
what wt have learned about the erosion process. If there is no erosion
there ca.,. be no sediment. Control at the source of material prevents
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both erosion damages and sediment damages. In some instances it may
be the only way to have an a,,,cepta ble level of control of the very
fine sediments. In many instances, in f leld situations, it will be
impossible or impractical to impound water laden with this fine
material for long enough periods for it to settle out.

Sediment control is the second line of defense. It provides a
backup when all possible erosion control measures have been utilized.
iediment should br filtered out of the runoff water or allowed to
settle out before the runoff leaves the site. Care must be taken so
that runoff released from the site will not cause channel erosion
and sediment damage downstream.

These lines of defense must be coordinated to achieve the most
effective level of protection. This calls for coordination of erosion
and sediment control items and coordination of these with the overall
plan for the levelopment. Erosion control will seldom if ever be com-
pletely offective during ,fonstruction. It must be backed up by adequate
provisions for trapping sediment before it leaves the site. To insure
against downstream damages an evaluation must be made to determine what
is needed to counteract the higher runoff which will oc,,ur after develop-
ment. Facilities should be provided to reduce the damages which could
occur. Erosion and ,,oliment control must be planned along with the
total plan for the site. If this is not done during or along with
the planning for the total development, you will be left with limited,
costly, and unsatisfactory options for erosion ,nd sediment control.

There are several "how to" principles of erosion control The
f irst is to fit the specific land uses, including that used for water
management, to the natural fea tures of the si to, such as soils, topo-
graphy, , vege tat ive cover, and the natural drainage system. Avoid ex-
posing steep erodible soils to rainfall and runoff. . Protect drainage-
ways, streams, and other vulnerable areas fusing construction. Keep
listurbance of critical areas to a minimum,

oecond, protect bare soil from raindrop impact. Keep both the
area of ',oil exposel and the length of time that it is exposed to an
absolute minimum, Iemporary mulches and seedings should follow grad-
ing wherever ,,- Jobs should be lone in stages so that both
time of exposure and ,-,rea exposed are kept to a minimum. Jobs can
also be staged to avoid the periods of most erosive rains.

Third, maintain the infiltration function of the land to the ex-
tent possible, Cbcose layout and lesigns to minimize the amount of
impervious ar Detain areas of uniqu, natural vegethtion whenever
possible, lioep compaLtion due to traffic and construction machinery
to a minimum except whore comna( I ion is specified for some structures
am a means of improving their stability. Don't confuse firming an
area to impro,o, a: a seedbed wi th compaction, The latter would be

cess purposoo ano would greatly in,rca runoff.
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Fourth, keep runoff velocities low. Use mechanical measures to
shorten slopes. Avoid urmecessary creation of steep gradients.

Fifth, protect disturbed or bare areas from runoff which is .

generally off-site or on-site areas above the disturbed areas.

Sixth, control sediment at the development site perimeter by re-
tarding runoff and f iltering or trapping sediment. Vegeta tive and

mechanical measures cm bine to slow runoff in level spreaders and
grassed waterways. Mechanical measures such as gravel outlet struc-
tures, sediment basins, and sediment traps dlow or hold runoff and
allow sediment to settle out.

seventh, control the release of excess stormwater runoff which
is generated by the development to prevent channel erosion both on
the site and downstream from it.

questions 1

1. Name each of the three guiding principles for developing an
erosion and sediment control plan. Explain each.

2. Name five principles for the control of erosion and sediment,

Summary I

Erosion control is the first line of defense in an erosion and
sedimen t control system. Controlling erosion means taking the energy
out of erosive forces before they can dislodge and transport soil.
If tho measures taken here are effective enough, sediment control may
not be needed.

Sediment control is the second line of defense. It provides a
backup for the erosion control practices. Runoff water should be re-
tarded for long enough periods to allow the sediment to settle out.

Coordinating erosion control, sediment controlt and stormwater
management with each othei and with the specific land use and develop-
ment plans is the third guiding principle.

The "ho.4 tc" principles of erosion control include:

1. Fit the development to the natural features of the
avoiding disturInn( e of very erodible soils .

,

Protect hare soil from raindrop impact by limiting size and
duran )f Pxposure.

3. Maintain the natural infiltration function of the land by
minimizing evtent of impervioa-, areas and ny usint measures whi cl. pre-
vent sealing of the iI surface.
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4. Keep runoff velocities low by mechanically shortening slopes
or by keeping gradients low.

5. Protect disturbed or bare areas from runoff which is generally
off-site.

6. Control sediment at the development site perimeter by retarding
runoff and trapping sediment.

7. To prevent channel erosion downstream, control the release of

excessive stornwater runoff which is generated by the development.
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Unit 2. Contrgl Measurea

Purpose and Significance;

This unit presents a discussion of all of the erosion and sediment
control practices which are used In the Virginia Erosion and Sediment
Control Program. It includes detailed study of the Standards and
Spec if ications for practices in Appendix A , the V irgInia Handbook.
Practices are related to the particular principles that they help to
sa t isfy. .

ln addition to the approved practices, planning techniques which
help to satisfy the principles are also discussed.

The name, purpose, and applicability of each practiee must be
understood In order to usd them properly in an erosion and sediment
control plan. This means knowing the limitations of each practice as
well as you do their strength. This unit on practices and specifio
planning techniques should be mastered before we are ready to discuss
the planning process and the development of an erosion and sediment
control plan.

Objectives;

1. Name each practice in Appendix A , the Virginia Handbook; which
provides prote,tion by protect ing tare o; disturbed areas from raindrop
impact. Clove the stated purpose and ,,onditions where applicable for
each.

2. Name each practice which helps control erosion by keeping
runoff velocities low. For those not included in Objective 1, give
the stated purpose and condition where applicable.

3. Name the practices which help to ;maintain the infiltration
capacity of the soil, For those ,lot named under 1 and 2, be able to
give the purpose and conditions where applicable.

6. Name the practices which help to reduce or control the release
of runoff frail the site and give the purpose and conditions where
applicable for each.

5. Name the practices usel to filter and trap sediment before It
leaves the site and give the conditions where applicable for each.

6. Describe planning techniques or procedures which would;

(a) LLmit are,. and duration of bare soil exposure.

(b) Maintain infiltration capacity.
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Using Appendix C, USDA -L'Cr, TR 5, and given appropriate datal

(a) Use method in Appendix C, Chapter 2, and compute runoff
volume.

(b) Name the parameters used to determine peak rates of run-
off.

(c) Given appropriate data, use the method in Appendix C,
Chapter 3, to compute travel time, lag, and time of
concentrat ion.

(d) Given appropriate data, use the methods in Appendix C,
Chapters 4 d 5, to compute peak discharges.

There are several practices In the V irginia Handbook which owe
their effectiveness to their ability to protect the soil Iran raindrop
imptct. The lowest cost practices are In this category and fortunately
they are the most effective In controlling erosion. The practices are
listed below and the lege number in the Handbook is cited. Read the
Standard and Specification in the Handbook carefully and be sure to
learn the purpose and conditions where applicable for eacn practice.

Practices which protect soil from raindrop Impact (pages cited
are in Appendix A)

1. Disturbed area stabilization (with mulching only) page 111-11'.

2. Disturbed area stabilization with temporary seeding) 111-116.

3. Disturbed area stabilization (with permanent seeding) 111-120.

4. Disturbed area stabilization (with sod) 111-131.

5. Disturbed area stabilization (with Bermuda grass) 111-135.

6. Disturbed area stabilization (with ground covers) 111-139.

7. Tidal tank stabilization (vegetative) 111-141.

Also road Appendix A, pages 111-3 and 111-4 down to MechaniLal
Practices.
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Figure 16. Straw Mulch At Two Tons Per Acre

In addition to the practices listed above, there are several plann-
ing techniques and ievelopment procedures which minimize the size of
area of bare soil exposed to ra Indrop erosion and limit the duration
of exposure.

1. Make ezo, i)n and sediment cont./ 01 planning a part of the total
planning job and choose a layout which will meet the development objec-
tives with the leas' disturbance of the site, Layouts such as clusters
and planned unit ievelopments will provide density equal to conventional
development with a much lower percentage of disturbed area.

2. :otage the grading and construction ac+ iv ities to limit the
area disturbed at any one time.

3. To the extent possiblec bchedule operations so that hazardous
areas are not exposed during the months with highly +rosise rains.

4. :-,chedule temporary practice:, such as mulching and temporary
meedings to immedist,,Iy follow rough grading, ',or Figure 17, oeed
Is often applied through blower along .ith mulob,
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Figulc 1". Mulch Applied By Machine

'VA

5. Provide designated and protected areas to handle construc-
tion traffic and equipment. Avoid traffic up and down slopes, along
drainageways and streams, and over unprotected stream crossings.

The above practices should receive first consideration in de-
velopthg an erosion and f.ediment control plan. They may be all that
is needed on many sites. They definitely fall into the categoiy of
first line defense.

The second group of practices which should be considered are
those which function to keep runoff velocities low. Read Appendix
A, pages 111-4 to 111-6 and the cited Standards and Specifications.
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Figure 18, Mulch Should Be Anchored

- -111116.14._

All of the mulching and vegetative practices listed above help
keep runoff volume and velocity low by favoring infiltration and by
retarding runoff. Mulch must be anchored to be effective in slowing
runoff.

1. Land grading - Appendix A, page 1II-53.

This practice should be us,d only after careful study of the
site, and care should be taken not to expose highly erodible materials.
Grading should usually be held to a minimum both in area and depth.
Long grades should be done in stages so that the entire slope is not
exposed at one time. It functions to elimir,ate areas of excessive
concentration of flow or even by removal of smaller irregular areas
where potential for gullying exists.

2. Temporary Diversion Dike - Appendix A, page III-11.

This must be used in conjunction vith a stablized area which
will provide a safe outlet.

3. Temporary Interceptor Dike - Appendix A, page IiI-14.

Musk be used in conjunction with a safe outlet. Both the
temporary diversion the interceptor function by shortening the
slope. You can check the effect by using the USLE to estimate soil
loss with and without.

7 1
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4. Temporary Straw Bale Barrier - Appendix A, page III-20.

Note that this pra,,tice is used only when there is a very
small contributing area, and there is no concentrated flow.

5. Temporary Level Spreader - Appendix A, page III-25.

This practice must be used only where the area which receives
the flow is well vegetated and has a configuration such that water
will not reconcentrate.

6. Waterway or Outlet - Appendix page I11-23.

The dense vegetation of a waterway provides protection by
reducing the velocity of flow near the soil surface.

7. Diversion - Appendix A, page III-33.

Figure 19. Diversions Shorten Slopes

This is a more permanent strucluzc than the diversion dike de-

scribod on page III-11. It influences erosion by reducing the length

of slop, and carrying runoff at a saf gradP to a stabilized OU 1C-.

A thin: group of practices redu,es erosion and sedimentati,r by
helping to nainlain the irfiltration oapa,,Ity of the soil. These

7 2
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Practices can materially reduce the amount of surface runoff and ero-
sion.

1. All of the mulching and vegetative practices described in
the first group: These are the most effective practices to prevent
sealing of the soil surface.

2. Temporary Level Spreader page 111-25.

3. Topsoiling Disturbed Area page 111-120.

This will serNe to increase infiltration when the topsoil
material has a higher infiltration rate than the material in the area
to be covered. It will also aid establishment and maintenance of
vegetation, which will in turn maintain infiltration.

There are several planning techniques and innovations which will
help to maintain infiltration in a development.

1: Choose a layout for the development Which will minimize the
size of the areas to be disturbed by grading and other construction
actiNities. This will also serve to keep the percentage of land covered
by roads and driveways to a minimum.

2. Outlet road drainage and other drainage on well vegetated
swales where the velocities of flow can be kept within safe limits.

Figure 20. This well vegetated grassed water-
way provided protection during con-
struction, and remained as an
attractive and functional feature
of the development.

7 3
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3. Use erosion resistant pervious paving materials for parking
areas and driveways.

4. Control or restrict traffic and construction equipment to
reduce the amount of land which is compacted.

5. Identify the natural recharge areas of a site and design
the development to maintain their recharge function.

6. Read Appendix C, Chapter 7, USDA-SCS-TR-55.

The fourth category of practices includes those which manage both
rumofi on the site and the discharge of runoff from the site. Practices
aeJ techniques which naintain infiltration help to reduce the volume of
run,-)ff which must be handled.

1. Waterway or Outlet - Appendix A, page 111-28. (Also helps
keep runoff velocities low.)

(Stone center waterways must use the Standards and Specifica-
tions for Riprap to match size of stone to velocity.)

page

2. Grade Stabilization Structure Appendix A. page 111-38.

3, Temporary Downdrainage Structure (flexible) - Appendix A,
111-68.

4. Riprap - Appendix A. page 111-57.

5. Water Storage and Release Facilities.

Thesc practices are not included in the Virginia Erosion and
Sediment Control Program. However, the Virginia program does require
that an analysis be made of peak runoff with the present use and with
the 1.se after development. It is suggested that Appendix C, USDA-SCS-
TR-55 be used to estimate the peak after development. Storage and re-
lease facilities may be required by local ordinances. Where analysis
indicates that the new runoff peaks will cause excessive channel ero-
sion, control facilities should be provided. Study Appendix C, Chapter
2 through 6

Protect vegetation in drainageways and .3tream channels and
along both sirles of the cllannel. Where crossings are necessary, pr--
vide culverts or otherwise protect the cro:.sin.

The fifth category of practices are those used to remove sediment
from runoff water.

1. Tempo:Airy Sravel Outlet Structure - Appendix Af page 111-22.

This is always used in conjunction wiih and as a part of a

7
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diversion dike, interceptor dike, or perimeter dike. It must outlet
onto a protected area or into a stable watercourse.

2, Sediment Basin Appendix A, page 111-41.

). Sediment Trap - Appendix A, page 111-49

Figure 21. A Well Constructed Sediment Basin
(However, the banks and adjacent area should
be mulched and seeded.)

r.)pecial purpose practices are discussed Ln Appendix A, on pages

111-7 and 8 of the Handbook. (See Miscellaneous Practices.)

There are several other practices in ,he Handbook which were not

included in the above categories. They have special applicability, but
will be valuable additions to the control program. These practices
and the Handbook references followi

1. Gonstruction Entrance - Appendix A, page III-10

2, Guide for Protection of dr,ec on Disturbed Areas - Appendix A,
page 111-153.

). Guide for droe PlantiLg on Disturbed Areas Appendix A, page
111-157.

7 5
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4. Dune Stabilization - Appendix A, page I1I-148.

5. Subsurface Drain Appendix A, page 111-59.

6. Dust Control on Disturbed Areas - Appendix A, page 111-151.

Questionst

1. Name at least six practices which are effective in preventing
splash erosion and associated sheet erosion and indicate the conditions
where each is applicable.

2. Name six practices (excluding those named in response to Ques-
tion No. 1) which provide protection by keeping runoff velocities low,
and indicate the conditions where applicable for each practice.

3. Name eight measures which help to maintain the infiltration

capacity of the land. For those not named in response to Questions 1
and 2, give the conditions where applicable.

4. Name five practices which are used to safely handle runoff on
the site and to provide safe discharge from the site. Give the con-

ditions where applicable and the stated purpose for each practice.

5. Name three practices used to remove sediment from runoff
water. Give the condi'ions where applicable for each.

6. Describe the planning techniques or procedures whicht

(a) Limit the area and duration of exposure of bare soil.

(b) Help to main,air infiltration.

7. Compute the volLme of .unoff to be expected from the follow-

ing water Jed!

350 acres, all soil:, in Group P

40 percent cultivated

30 percent meadow, good condition

30 percent pasture, good condition

4.7 inches of rainfall.

If the above 350 acres was developed 41th the following uses, what

would the runoff be from the same rainfall'

60 percent resiJen+Ial with 1/2 acre lots

20 percent commercial 85 percent impervious

7 6
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10 percent parks with good grass cover

10 percent paved streets and roads.

8. Solve for Lag and Time of Concentration for present conditions
and future urtani,ed oonditiens given belows (Use modified curve number
method, Appendix C, pages 3-5 to 3-10.)

Drainage area - 500 acres

Hydraulic length of watershed 7,000 feet

Average watershed land slope - 4%

Percent Impervious area under Llture conditions - 30%

Runoff curve number under preseot conditions ^ 80, future - 85

Percent of hydraulic length of watershed modified
under future conditions - 50%

9. Use the same watershed and conditions as in problem number 3.
Compute the peak discharge for the present condition and anticipated
future condition for a 100-year 34-hour storm with 6 inches of rain.
Use method in Appendix C, Chapter 4.

10. A developer plans to develop 3ub area in the watershed
sketched below. A county ordinance requires that the effect of this
development on 100-year peak discharge (P-6") at the downstream end
of sub area 3 be included with erosion and sediment control plan.

7 7
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Time Of
Drainage Concentration Runoff Runoff Travel Time

Sub Area Hours ON Inches Hours
Area mi 2 Pres. rut, Pres. Putt Pres FUt . Pres, rut,

1

2

3

0.35

0.30

0.40

1.00

1.25

1.50

1.00

0.75

1.50

70

75

75

70

85

75 0.75 0.75

Develop discharge summary tables for present and future conditions
using Appendix C, Table 5-3. Indicate the peak discharge for present
and future conditions.

10a. Use the gxaphic method and determine the effect on peak dis-
charge of a planned unit development in the upper part of a watershed
with the tasic data given belowt

Drainage area - 192 acres

CN present - 75

CN future 85

Tc present - 1.25 hr.

Tc future -- 0.75 hr

P24 - 6.0 inches (24 hours, 100-year frequency).

Summary:

Practic,s to reduce splash erosion:

Practice

1. Disturbed Area Stabilization
(with mulching only)

2. Disturbed Area ..tabilization
( trmporary seed ini, )

3. Dicturbed Ar,a -,iabilization
(permanent seeding)

7 8

1

Condition tihere Applicable

On areas to be tare less
than 6 months or where
seeding:, cannot be made.

Areas which would remain
tare for one year or less
before permanent exading
and seeding.

On bare areas where per-
manent vegetat ion is
needed.
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.°°ractice

4. Disturbed Area Stabilization
(with sod)

5. Disturbed Area Stabilization
(with Bermdua grass)

6, Disturbed Area Stabilization
(with ground covers)

7. Tidal Bank Stabilization
(with vegetation)

Condition Where Applicable

On bare areas where quick
covar is needed to prevent
damage.

On hot, dry, bare trees and
where warm season grass
is desired.

On bare areas where vegeta-
tion other than grass is
desired.

On tidal banks where
vegetation alone will
provide protection, or in
conjunction with stuctures.

Practices which help keep runoff velocities lows

Practice

1. Land Grading

2. Temporary T)iversion Dike

3, Temporary Lnter optor Dike

4. Temporary Straw Bale Barrier

5. Temporary Level Spreader

6, Waterway or Outlet

7, Diversion

7 9

Conditions Where Applicable

Where grading dill help
control erosion.

At top or toe of slopes.

Across disturbed right of
way and similar areas
until they can be per-
manently stabilized.

Cn very small bare areas -
not for concentrated flow.
For sheet flow only.

Where diverted or otherwise
concentrated runoff is to
be released onto already
stabilized areas.

Where concentrated runoff
must be carried at con-
trolled velocities to pre-
vent erosion.

Where length of slope needs
to be reduced to prevent
damage from runoff from
higher areas. To intercept
shallow subsurface flow.
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Practices which help maintain infiltration capacity of the land

Practice

(Tho six practices above which

1. Temporary Level Spreader

2. Topsoiling

Practices which are used to sa
its discharge from the site include

Practice

Condition Whose App4cable

reduce splash erosion)

(See Above)

Where deeDer soil is needed.
Where better soil material
is needed.

fely handle runoff on the site and

1. Waterway or Outlet

2. Grade Stabilization Structure

3. Downdrainage Structure

4. Riprap

5. Water Storage and Release
Facilities

Purpose and Condition
Where Applioal4e

To dispose of runoff with-
out causing erosion or
flooding. Where channel
capacity at controlled
velocity is needed to
carry concentrated runoff.

To convey runoff safely
down slopes. Where con-
centrated flow must be
carried over short)

slopes.

To safely conduct storm
runoff from one elevation
to another. See Above,

To protect soil surface
from erosive force of
water. Applicable to
waterways and channels.

Where excessive runoff is
generated by urbanization
and release at or near pre-
development rates is :,ssen-
tial.

Practices which remove sediment from runoff water ares

8 0
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Practice Conuition Whore Applicable

1. Temporary Gravel Outlet

. Sed iment Basin

3. `.ed inen t rap

In conjunction with diversion,
interceptor, or perimeter
dikes and where there is a
need to disbose of sediment
laden runoff at a protected
out le t .

where it is impossible to
install erosion control
practices to reduce sediment.

For small sediment produc-
ing areas (less than one
acre) where it was impossible
to keep sediment production
to acceptable levels with
ezosion control practices.

laanning techniques and development procedure whiih help to main-
tain infiltration are planned unit development, planned residential ue-
velopment, cluster develupment, and similar layouts which give the
desired density with a minimum amount of Impervious cover on the area.
Outleting road and parking lot drainage on well vegetated areas where
It can soak in is also helpful. The use uf erosion resistant pervious
paving material will help maLn tath infil trat ion. The use of grassed

terways and strips provides some infiltration and slow runoff
Devices such as french draim, perforated pipese or other POrolls pipes,
and dry well are also helpful, High roughne;,s (coarse) grasses are
more effective In promoting Inf 1 tra t ion . Note the reference assigned
earlier in Appendix C, TR-55.

The lag for the preseni condition on the `,00-aere drainage area
is 1 0.7 5 ani the Time f Concentration is T, 1 'S hours, Equation

0 ,? 0,K
L - 1 9_ 220 (-,-,t)-1 119l, (2,404) 0.75 hra.

moo
ry- 3800

Y HoO 11)

1,07 0,?C) 1.25 hrs.

Lag and Time ot Concentration For Future Condit ions arel

L 0.41 and 7c 0.01 hours

Bit'Ac L 70000.'1(1.7b+1)O.? , ll9l, (2.04) , 0.64 hrs.
1900 (4) 0.5 3R00

8 1



Adjusting L for impervious - 0.85 (See Figure j-5.)

Adjusting L for modIficaticcs of hydraulic length - 0,75 (See
Figure 3-4.)

L 0.68(0.85)(0.75) 0.41 hours

Tc 1.67(0.01) 0.68 hours

Using the method in Appendix C, Chapker 0, gives the effect of
the 100-year rain as 718 cfs for present conditions and 1309 cfs for
future conditions.

1. From Table 2-1, "Present Q 3.78" "Future 0 = 0.31"

2, Prom Appendix C (Appendix D, Sheet 2 of 3), qv = 190(3.78).718 mfs

3. From Appendix C (Appendix 0, Sheet 2 of )), 0 future band.c
215(0 .31) - 927 cfs

4. Adjust ing for 3()% impervious areal

From Figure 0-1 for CN 85, peak factor - 1.1)

5, Adjust ing for length of hydraulic mod if I cation

From Figure 0-2 for CN 85, peak factor - 1.25

6. q future - 927(1,13)(1,:5) 1309 mfs

Here is the completed basic data for cjuestion 101

Time of
Dra two Concentration Runof f Runof f Travel rime

Sub Area Hours CR Inches Hours
A rea M I . 2 Pre s . Fut , Pres, Fut. Pres, Put. Pres. Fut,,

1

3

.30

.00

1.00

1.25

1. 50

1.00

0.75

1. 50

70

75

Yo

70

R5

?5

2.80

3.28

3..$

2.80

0.31

3.28 0,75 0 ,75
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Discharge Summaries For question 10

Present Conditions

Drainage

Tc Tt Area Rainfall Runoff 12.7

Sub Area Hr. Hr. M12 Inches CN Inches cfs
12.8
cfs

12.9

cfs

HOUR
13.0

cfs

13.2
cfs

13.5
cfs

14.0

cfs

1 1.00 0.75 0.35 6 70 2.80 161 197 228 251 268 231 137

2 1.25 0.75 0.30 6 75 3.28 118 146 174 199 231 238 162

3 1.50 0.00 0.40 6 75 3.28 308 309 309 295 264 201 130

Total (Composite hydrograph at end of sub area 3) 587 652 711 745 763 670 42o

Future Conditions

1

Drainage HOUR

Tc Tt Area Rainfall Runoff 12.7 12.8 12.9 13.0 13.2 13.5 14.0 1

Sub Area Hr. Hr. M12 Inches CN Inches cfs cfs cfs cfs cfs cfs cfs

1 1.00 0.75 0.35 6 70 2.80 161 197 228 251 268 231 137

2 0.75 0.75 0.30 6 85 4,31 309 359 392 402 370 269 138

1.50 0.00 0.40 6 75 3.28 308 309 309 295 264 201 130

Total (Composite hydrograph at end of sub area 3) 778 865 929 948 902 701 405

The effect of development of sub area 2 is to increase the 100-year peak discharge from 763 cfs
to 948 cfs,
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The graphical :;olution for peak discharge on the 192-acre water-
shed with a present condition CN of 75 and future CN 85, a present
time of concentration (Ta) of 1.25 hours, and a future time of concen-
tration of 0.75 hours is an follows:

Present Condition:

From Figure 5-2 for Tc 1.25 hours, peak discharge - 270 csr/
inch of runoff. .

From Table 2-1 for l'24 = 6.0 inches and CN 75, 0. 3.28 peak
discharge (q) =- 3.28(0,3)(2?0) ,-- 266 cfs.

Future Condition:

From Fiiure 5-2, Tc 0,75 hours, peak discharge 390, csm/
inch of runoff. .

From Table 2-1 for P20 =- 6.0 inches and CN = 85, Q-- 4.31 peak
discharge (q) 4.31(0.3)090) 504 cfs.

The development will increase the 100-year peak discharge from
266 cfs to 504 cfs,

8 1
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Unit 3. The Plannint, Process and the Eiosipn and Sediment Control flan

Purpose and Significance:

This unit discusses the planning process including setting of de-
velopment and erosion control objectives, useful inventory data and
analyses, consideration for coordinating erosion control ith the com-
plete planning job, the selection and design of practices, and the re-
quirements for plans under the Virginia Erosion and Sediment Control
Program. The value of planning erosion control along with the other
plans for the area is discussed. fhe data required in an Erosion
and Sediment Control Plan have many other uses. These uses are pre-
sented for soils and hydrologic data.

An understanding of the above should help you to bring together
all of the kstowledge you have acquired about erosion and sedimentation
and to uso this knowledge to develop an effective plan for erosion
and sediment control.

Objectives:

1. List three reasons why planning for erosion and sediment con-
trol should be part of the overall planning for the development.

2. Describe how erosion and sediment control planning and the
planning of the development can be coordinated.

List the kinds of information you would need to identify areas
of potential erosion hazards. List data required by the Virginia Hand-
book that is not included above.

I+. Given appropriate data for a spec if ic site , delineate potential
erosion aeeas.

5. Given appropriate data for a development, select, locate and
desig-jt erosion and sediment control practices according to the Standards
and Spec i f ications in Appendix A, the V irginia Handbook .

6. Given all the necen tary data for a development site , develop
an erosion and sediment control plan which meeti the requirements in
the Virginia Erosion and :;ediment Control Handbook. See Appendix A,-
pages II-7 to II-11.

Content:

It is essential to plan fo: erosion and sediment control as an in-
tefal part of the planning of the development. Decisions which are
made in regard to intensity of uses ant location of specific uses and
facilities will have a substantial effect on erosion and sediment.

8 5
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One of the strongest arguments for making the erosion control
planning an integral part of planning of the development is that you
do not destroy your options for placement of the planned improvements
or placement of practices and facilities for erosion control. It will
not only be difficult but also costly to superimpose erosion control
measures after all other improvements have been located. The coordina-
tion of all planning retains full flexibility in developing the possible
al terns t ive plans .

The second argument is based on the concept that for any develop-
ment area there is an arrangement of uses that will maximize the net
productivity use of the land. Some of the net productivity will be
in terms of benefits to the public. Some will be of long time benefit
to the property owner. The developer, too, can expect to be reimbursed
f,3r a quality development. Degradation of soil resources or water
resources which are brought about by a development will result in
reduction of values to all those concerned. To maximize these values
the possible impacts of various layouts of buildings, roads, water
tnanagement facilities, and other improvements should be studied.

The third argument for coordination is economic. Careful study
of all elements of the development can help avoid costly mistakes.
The flexibility of choice mentioned th connection with the first argu-
ment is advantageous for economic reasons as well as the technical
reasons. The study of soil conditions for erosion and sediment con-
trol may also reveal other stability problems that could prove costly
If not discovered. Benefits th Gosts of over 10011 have been realized
by the use of soils Information. (Ref. 1), Layouts which favor erosion
and sediment control may often reduce the costs of development while
still meeting the original objectives for density and use. Cluster
development and planned units or planned residential development can
mean substantial reduction in sewerage mains and lateralst roads,
drivewayst and in percentage of the area to be graded and restabilized.

Planning a development, no matter what its size or intended uses,
requires that a certain series of steps be followed in order to arrive
at the most satisfactory plan for the area. The u;ual steps in the
process are:

Setting objectives

Gathering facts

Interpreting and analyzing the facts

Developing alternative plans

Choosing the 'nos', suitable plan

8 6
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To incorporate erosion and sediment control planning into the
planning for the whole development, one must include erosion and sedi-
ment control as one of the development objectives.

Objectives or goals for the type and quality of development have
undoubtedly been made when the site is acquired. Some goals on the
density, variety, size, and quality of residential units or size and
diversity of commercial area are probably also tentatively decided
at this stage -hese should be flexible and subject to change in
keeping with the potential of the site. Goals which should be con-
sidered from an erosion control standpoint, and in fact from a total

quality of the environment standpoint arcs

1. To accommodate ti,e desired specific uses; i.e., houses,
streets, play areas, and so forth with the least possible degradation
of the resources.

2. To have safe water management during and after development
and thereby protect land resources and water resources.

3. To control erosion and sediment during development and leave
the area completely stabilized on completion of work

4. To utilize unique natural features of the site in such a way
that they can continue to provide benefits indefinitely.

In gathering the facts which you will need for planning, include
all the data needed to evaluate its full potential. This would in-
clude facts pertinent to erosion and sediment control as well as those
needed in evaluating the site potential for the intended uses. These
are overlapping areas of concern. Information needed would includes

1. Information about the sotls and geology.

2. Topographic information including contours that will ade-
quately describe the ,srea.

3. Information about the drainage patterns on the site and on

surrounding influencing areas. Channel flow and conditions, ponds,

lakes, and streams should be included

4. Vegetative cover and condition should be mapped and unique
vcgetation areas delineated.

5. Location map of the site relative to streams, highways, and
other features.

Comj.re this liFt with the data required in an Erosion and Sediment
Control Plan as given in Appendix A, on pages II-7 to 11. The above
types of information will provide all UNat is usually needed to complete
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the items in the plan. The data required is not only important in
developing the erosion control plan, but wIll h.ave broad usefulness
in overall planning of the site.

Most of the physical data for planning can be collected and re-
corded on maps of a suitable scale for planning. This is particularly
true for soils, topography, drainage, and vegetation information.

Soil survey maps and det4iled information on soils are available
in the Soil Survey Reports developed by the U. S Department of
Agriculture and the ViTginia Polytech Institute for many counties in
the state. The same soil will obviously have potential for many
uses. It may have limitations which must first be overcome before
realising this potential, but if the practices needed for overcoming
the limitations are identified, determining their cost can be part
of the evaluation process. The soil survey will provide the facts
needed to make these determinations. Let's examine a typical soil
survey.

Figure 22, Soil Survey Soil Map

The lyndl:arl, of (:ach kind of soil are outlined on an aerial
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photograph by solid lines. There is a symbol fcrthe kind of soil with-
in each delineation if there is enough room; If the delineation is too
small, the symbole is outside with a pointer to the area. All areas
marked with the same symbol il be the same kind of soil wherever they
appear on the map. A guide to these map symbols is included immediately
ahead of the map sheets, The symbol itself conveys specific information
once the system is understood. For example, the symbol St13 appears in
the left center of the above map, St designates State fine sandy lcam,
clayey substratum. The first capital letter in all symbols is the
initial letter of the soil name. The second capital letter designates
the slope. The B of StB indicates that the slope in the delineated area
is within the range of 2 to Ef% slope. If the second capital letter is
omitted, it means that the delineation is essentially a level area.
Then a mnber 2 or 3 follows the second capital letter, it shows how
much er,sion has taken place; 2-moderate, 3-sever e . The maps show,
by sndard symbols, many other features such as roads, railroads,
bri4es, buildings, mines, quarries, power lines, pipelines, cemeteries,
dams, streams, lakes, ponds, marshes, and other features,

The body of the report gives detailed information about each kthd
of soil. The narrative portion gives a soil series description which
gives the texture, structure, pH, and other characteristics of each
horizon in the profile. (A horizon is a layer of soil approximately
parellel to the soll surface, with distinct characteristics produced
by the soil forming processes. Horizons are identified by letters of
the alphabet with A being the horizon at the surface, A profile is a
verticle section extending from the surface through all horizons from
the surface to the parent material.) The series description also in-
dicates certain hazards common to the soil such as flooding, high
erodibility, wetness, or other problems. Tables of soil properties
give further details on texture, organic matter content, permeability,
and engineering properties. Interiaetive tables give the degree of
lthitation of each soil for various uses in t,...rns of slight, moderate,
and severe limitations.

K or erodibility for soils may be In the more recent reports, but
it is in Appendix B, pages B-8 to 13-26.

Hydrologic information on soils is given in Appendix C, TR-55 in
terms of four hydzologic soil groupings. These are designa ',ea A, B,
C, and D, with A being the low runoff potential group and D the high
runoff potential. It should be noted that compaction of the soil by
heavy equipment, or barren conditions may significantly influence tho
rate of runoff and cause a soil to be classed in the next lowe ... hy-
drologic group.

Topographic features of -the area are among the items which must
be depicted on a map for the erosion and sediment control plan. A

good topographic rap with contour intervals small enough to indicate
topography in sufficient detail is an excellent planning tool. For
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most developments, this would mean a large scale map with contour in-
tervals of 1 or 2 feet verticle distance. A skilled person can
visualize the shape of the land from a well prepared contour map as
accurately as if he were on the site. It is possible to identify con-
vex and concave slopes and to calculate land slopes. When combined
by means of overlays or perhaps on the same map with soils information
and drainage information, it is invaluable in determining water manage-
ment and erosion and sediment control needs.

The drainage pattern, including sizes and shares of each contri-
buting area, should be rlapped out on a good base map. An adequate topo

map would be ideal. It should be delineated from field checking.
Drainage and contributing areas off-site should be included in the
information collected. Data on conveyance systems; i.e., culverts,
pipes, and channels _hould include sizes, length of each reach, and conditions.
Note all points where concentrated overland flow enters dmannels and
indicate the present stability condition.

The vegetative cover should include type and condition of cover.
Typec will incluoe wetlands, grasslands, cultivated lands, idle weed-
covered land, forest land, and others. Condition should reflect the
percent of bare area and the quality of existing cover.

Once the data on soils, topography, drainage, vegetation, and
other physical features has been collected, it should be interpreted
and analyzed in order to reveal the potentials and problems of the
site. There is no set way that governs this step, in fact sev-ra)
approaches may be useful on the same site. It is helpful if all the
above data is put on large scale maps or on one map with overlays.
As mentioned earlier, a good quality topographic map makes an excellent
base map for planning.

Soil maps can be interpreted in several ways. Some planners
find that a soil condition map is very useful. Figure 23 illustrates
a soil condition map for the same area as the soil survey map in
Figure 22.

Mis particular example shows areas of poorly drained soils and
areas of seasonal high water table. Another approach is to delineate
all of the areas whicr shoula not be disturbed or built upon because
of specific hazards. This definitely should include flood plains arm
other areas adja,sec- to streams; it would also include steep erodible
areas, wetlands, and unique areas which should be preserved.
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Figure 23 Soil Condition Map

Zi
Seasonal High Water Table
Poorly Draine,i So, ls and Seasonal High Water Table

A third approach, which has been widely used by planners, is
to prepare overlay maps showing the relative soil suitability for
various uses. Lnformation for this can be taken directly from the
tables of Ulf soil survey report which shows slight, moderate, and
severe limit:tions for various uses.

Erosion hazard areas can be identifisd from the soil survey in-
formation including the erodibility factor K, and the slope class as

tel on the soil survey map. However, when a map overlay show-
ing soils information, is used with the topographic map these areas
c.un be very easily delineated.

Evaluate the topography by delineating areas of various slopes.
Areas which are over 15% slope will have more severe erosion, water
maragement, and construction problems. It will be helpful to draw in
ridge tops, indicate direct of slope, and length of slope In each
sub-drainage area.

9 1
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Existing drainage patterns should also be shown on the topographic
base map. From this pattern and your notes on sizes and condition of
culverts, ditches and other channels, you can pinpoint potential problem
areas. It may be necessary to delineate the watershed of each drainage
area and then calculate runoff amounts and velocities in order to identify
all of the water management problems and needs.

When all of the data has been interpreted, analyzed, and the results
put on the base map, the results should suggest the most favorable lay-
outs to you. The delineations of floodplains and adjacent stream belt
areas as places where no building should take place will be one of the
first things to help set the development pattern. The limitation ratings
for the various uses may help in taking the next step. These ratings
should indicate the best areas for accommodating the development objec-
tives

Using the above approach or other methods which the data may sug-
gest to you, select the areas for houses, streets, and other buildings
on the basi5 of highest potential for the purP.1,0e and least risk of de-
gradation of the environment. It will be ne:essary to make compromi:es.
For each possible layout think out tha needs for water management, ero-
sion control practices, and sediment control practices. Economic evalua-
tions should be made for the various possible layouts. Keep in mind
that the highest quality development is usually one with the least
disruption of the natural features of the site. Excessive grading is
not only expensive in many cases, it creates more problems that it
solves.

Once the layout of buildings, roads, and other facilities has been
decided, delineate the areas to be cleared and graded, identifying cut
and fill areas, and identify and estimate the erosion hazard on these
areas and existing bare areas on the site. Design the storm water
management systen based on runoff expected after develGpment. Use all
possible means to keep peak discharges low. Identify where runoff from
adjacent properties are likely to cause erosion problems. A temporary
interceptor or diversion dike should be used at these locations. These

should outlet only on protected stable areas. Ithere there is a risk of
erosion from graded and other bare areas to adjacent property, a
temporary perimeter dike should be constructed. These should outlet
into a gravel outlet structure, sediment trap, or sediment basin. See

Standards and Specifications for each of these practices. Study the
design requirements for a sediment basin, Appendix A, pages III-41 to
48 and Appendix B-9, and be prepared to design such a pra tice.

All diversions, interceptors, and earthen structures should be
mulched and seeded, sodded,: or stabilized by other acceptable means
immediately upon completion. Where a choice of grades is possible,
keep gradients low. Remember that diversions and interceptors convert
sheet flow to concentratmd flows.

9 2
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The stormwater management facilities may include diversions and
waterways or outlets. Study the Standards and Specifications for these

practices in Appendix A, pages 111-28 to 40, and be prepared to design
a waterway or outlet which would meet these requirements. See, also,
Appendix A, pages 111-75 to 89. Use Appendix C, TR-55 to compute peak
discharge as required.

For all bare areas that can be graded to desired finished grades
during a satisfactory season for establishment, select permanent vegeta-
tive practices that are in keeping with the intended use of the area,
that will fit the soil conditions, and that will provide the needed
protection. Study the appropriate Standards and Specifications and
Appendix A, pages 111-165 to 183. Be prepared to use this material
to choose permanent vegetative measures, inLiuding species for actual
f ic Id condi t ions ,

For all other bare areas, including those completed to finish
grade which cannot be seeded because of time of year, use tied down
mulch Where seeding can be done on rough graded areas, use mulch
and temporary seedings. Omit from seeding only those immediate areas
where construction of facilities will begin In two or three weeks.

Eva 1 ua te Uoe need for practices such as level spreaders, gravel
outlet structures, sediment traps, storm drain outlet protection and
riprap, and be prepared to properly locate and design them for a
hypothetical case.

If the area is large and will be developed over a period of several
months, develop a plan for staging the grading so that the first area
can be stabilized before the second is opened up. To the extent
possible, plan major grading outside the months with the highly ero-
sive rains.

Unforeseen delays can upset a well planned erosion control
scheme. For this reason, flexibility must be retained so that the
job superintendent can make appropriate changes in specifications
to fit seasonal and other require, orts.

Read Appendix A, pages 11-7-11, which define an Erosion and Se .1-
nent Control Flan and describes what needs to be included in it.

Dlta and assistance on -;olls information, hydrology, and related
fields is ava iLAble through the local Soil and Water Conservation Dis-
trict and the U.3 D.A. , Soil Conserva t ion :;erN ice personnel assig ed
to assist the district,

uestions:

1 Give three reasons why planning for erosion and sediment con-
trol should be a part of overall planning of the development.
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2. How can planning for erosion and sediment control and the
planning of the development bo coordinated"'

J. What kinds of data would you need in order to identify areas
with high potential for erosion', List the data required in the Erosion
and Sediment Control Plan (as indicated in the Handbook) that is not

z '1,sded above.

4, Using the soil and topotcraphic information below, delineate
the areas which are potentially critical erosion areas:

Soil survey of 90-acre sites

Position on
Map Symbol Sol 1 Name 'Uope. Landscape

ApD2 Applin,7 fine sandy loam 7-20% Upland
CeR Cecil fine sandy loam 7-7% Upland
CeC Cecil fine sandy loam 7-1% Upland
Cm Chewacla silt lr,am -- Floodplain
lisB H iwassee loam 2-7% High River

Terraces
HsC? Hiwassee loam 7-15% High River

Terraces
L1B2 * Lloyd loam 2-7% Upland

* K for Lloyd is ,2.0 (It is omitted from Appendix B.)
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Map Symbol Soil Name Slope

Position on
landseaPe

L1C2 Lloyd loam 7-15% Upland

LnC) Lloyd clay loam 7-15% Upland

LnD3 Lloyd clay loam 15-23% Upland

LoC Louisburg sandy loam 5-15% Upland

MvB Meadowville loam ,.:-7% Coluvium
SrC jtarr silt loam 2-10% Plateau
WhB Wickham 2-7% River Terrace

lopographic Map

Contour Interval 5'

Scale lu = 660'

(This topographi(' map is inadoluate for determining actual grades.
In practice, the topographic maps should be of larger scale and smallex
contour interval f,a' this purpose and as a base map for planning. How-

ever, it will help reinforce the judgments made on the basis of the
soils information.)

No runofi en',,ro the ;lie from ad acent land; highway runoff is
carried in a stable grassed channel parallel to the major .oad and ow-
leting in the river.
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5. Using the information which follows, develop a plan showing
placement of the building, walks, driveway, and all required features
of an erosion and sediment control plan.

(a) The project is a 10,000 square-foot elementary school
building with exercise areas. The site is approximately 6 acres in
s ize .

(b) The work in scheduled to start Hay 1, and is to be com-
pletely stabilized by October 1.

(c) Access to the site is by Custard Lane.
(d) The present vegetation consists of mixed harc'wood forest

roughly south of the 39.t-foot contour interval. Trees are mixed age
and size from small understory up to 15 inches. There are mixed tree
species along the southern half of the east boundary and a small wooded
aroa on both sides of Custard Lane, northeast of the 390-foot contour.
Tnere are a few widely sixiced large trues along the west boundary ex-
tending from Custard lane south about 150 feet. The remainder of the
area is old pasture with some briers and small saplings. All areas
have adequate cover for protection from erosion.

(c) The soil is Cecil silt loam eroded rolling phase.
(f) ToPog:raphic information is on Page 88.

Summary;

Coordination of erosion c.ontrol planning and the develoment plann-
ing will keep the options flexible for each plan, It will allow com-
promises and adjustments which give the best use of the land and water
resources at the least cost. This is the maximum "net productivity"
concept. Coordination of all planning oan help avoid costly mistakes.
The flemibility of choices mentioned above has both technical and
economic advantages

o coordinate the erosion control planning and development plann-
_ng, the erosion ,ontra goals must be part of the overall goals for
the development. These goals must oe,..upy an imixatant place in making
all the planning decisions.

The data needed In order to identify erosion prone areas would
be soils, topographic, and hydrologic data, tie should know the soil
K value and the length, and g-rades of slope. Hydrologic data would
include rainfall, ruloff oming onto the site and that generated on
the site, drainage yattern, including channel sizes and condition,
watershed slopesand the effects of dev,.1opnent, on runoff.

The Hand000k requires that pertinent data in the above categories
be included in the er-) i and sedisont control plan, See Appendix A,
pages II-7 to 11.

On the OO-a..,re site , the area with the most severe erosion potent lal
is the Lloyd clay loam, 15-5% slope. The Lloyd clay loam and Lloyd
loam, 7-1% and the Cecil loam, 7-1% slope, have severe erosion hazard
potential ons, the cover is removed. lhe smaller area of Hiwassee loam
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or. 7-15% al,o has a high eros on potential Erosion hazard even on
the B slopes coule, be se,,ere if the soils remain bare dui ing the period
of most erosive rains.

5.
The follow ing plan w-as developed for the site described in c.,,uestion

EROSION -EEDLMENTA ;ION CON, ROL :1_,AN- SAMPLE NARRATIVE,

ELEMENTARY SCHOOL

DE..CRII'fION be project is a ?0, 000 square-foot ni hod ]. buil,. ter:, with
exercise f ields on a 6-acre nite,

DACE:. OF CON6TRUCTION: Project is scheduled to start on May 1 , 1975,
to be completely stabilized by October 1, 1975.

JOIL I.W:A The entire site is Cecil sil t loam erodec soIling phase

REE PRO= ION Trees along the perimeter will 1-,2 protec too from
equipment ,iarrage by appropriate signs and barriers

EROSION CON'HiOL PROGRAM! Not more than one-halt the site is to be
cleared a t one time . Anchored mul ch and temporary seeding will be
done immeo lately aftei f,rading, to ad 1 F-xadcd areas xcept build ing
si te and 130 fee t border and narking area . Park ing, lot to le covered
with gravel after grading.

SEDIMEN., CONTRUL :Ii0GRAM Control will be achieved tnrough installa-
tion of one temporary sediment banin of 9 5 acre-foot °a ixicity and
one temporary sediment trap of 0,15 acre-foot capaci ty Fifteen
hundred feet ot ear th U ivors ions to direct st orr runoff to the basins.

,AFrirP1 iltOTEC": ION: be sediment ba.,Ins will be posted and the larger
one fenced to exclude children ,

?LAN OF OPERA I ON All mechanical control s are to be placed, mulched,
and seeded prior to or as the firnt , te,.) In clearing and gxadIng.
Following their completion, the school si te and area east of the
school building are to bo stripped and the topnoil stockpiled at the
sot) orner of tbe nit!? Thin area will then be brought to grade
a nearly ar, possible wi thou t, disturbance to other area.,. All areas
brought to grade will then tx-, mulched and seeded with temporary
vegetation. Mulch will be anchored with mulch anchoring tool . As
soon as mulch is anchored, the Tema inder of the si te except for the
area at th, oeuth ned lment in will be graded and a stockpile of
soil material en tabl isbed n-tal the toproil stockpile for f illing the
sediment basis a, toe lant step im

9 8
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STORM WATER JiAliAcji,ZT: The peak nt.noff for a 10-year frequency rain-
fall after development shall not exceed the 10-year fequency peak be-
fore development. Dais will be accomplished by use of roof top and
parking lot storage (See attached calculatio.ls ) All calculations
are based on the methods set forth in the Soil Conservation Service
publication "Urban Hydrology Fox Small Watersheds," Technical ReleaSe
No. 55,, scs, usDA, January 1975.

tiAnsrmani, FROCRAM: All measures are to be inspected daily by the
site superintendent and inspector. Any damaged structural measures
will be repaired by the close of the day. Seciment basins are to be
cleaned out in accordance with the specifications and the material
dIsposed of by spreading on the site. Mechanical controls will be
removed after areas above them have been stabilized with vegetation.
The sediment basin at the south end will be lef t until all other
rechan 1, al peanut e, have been removed and the areas permenently
stabilizec

9 9
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SAMPLE PLAN
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EROSION kND SEDEMENT CONTROL KAN

1:1.1:.:NTAR Y 3CtiOOL

1. No disturbed area will be exposed for more than 30 calendar dads
without seeding, mulching, or other protective measures.

All mechanical erosion and sediment control measures are to be
placed prior to or as the first step in clearing and gxading

3 All storm and sanitary sewer lines not in streets are to be
mulched and seeded within 15 days after backfill No more than
500 feet are to be op,n at any one time.

4. Electric power, telephone, and gas supply trenches are to be com-
pacted, needed, ano mulched within 15 days after beckfill

5 All temporary earth berms diversions and sediment control dams
are to be mulched and seeded within 10 days after grading Straw,
hay, or comparable mulch is required,

6. Trees along the perimeter will be protected from equipment damage
by appropriate signs and taarriers,

7 Any disturbed area n t paved, hoddmd, or built upon by November 1
is to be needed on that date with temporary vegetation and mulched

6. All land, on or off site, which Is disturbed by construction and
which is not built upon or surfaced,. shall be adequately htabilized
to control erosion anc sedimentation

9, All erosion and sediment controls, including seeding and mulching,
snail 1Y3 in accordance with standards and -specifications contained
in the local erosion and sediment control handbook,

1 0 1



DETAILS OF MECHANICAL CONTROLS

SAMPLE

No 3 Grovel

2 4 2"u 2" Stoke - IY2'
uk-ww in ground

STRAW BALE DIVERSION

GRAVEL OUTLET

SAMPLE

Flow line

EARTH DIVERSION BERM
( Height Vones )

El 386 0
Eergency El 384-6
Spill woy 2

El 380 0

Pip Pop-

SEDIMENT BASIN Cleon Out at El 382 0'

2'4
15 Pert ()rated

Piser
El 383 0'

-Grovel
Cone

-w- Anti - seep collor

L 12 Conduit

3 Courses
Building Block
on Side

3" Grovel I ilter

i__
1 0' - I 5

Grovel Drains

TEMPORARY SEDIMENT T R AP TEMPORARY SEDIMENT TRAP

AT CULVERT HEADWALL AT ALL INL ETS
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The above plan is only one of several ways that the school site
could have been laid out and pr,, ected from erosion and sediment
damage. Even if the basic layout was retained, there could have been
much less grading. The wooded area, or at least part of it, could
have been retained. The depth of grading may have been excesmive.
Straw bale barriers were used to the limit of their applicability or,
perhaps, more than the limit. It would rave been safer to lengthen
the earth diversions along the east and west bounda.cies. The plan
calls for spreading the sediment cleaned from the basin on the site.
It should also have specified when and how erosion of this material
would be controlled The plan is also silent on how permanent
stabilization will be accomplished.
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PART III References:

1. Klingebiel, A.A., "Costs and Returns of Soil Surveys," Soil Con-
servation, August, 1966.
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PORT IV I-11'1IEMEN1 IY HE V IRG INlA EROh ION ANL) EULMENl GONTROL PLAN

rairpose and )igni fi can(

Part IV consist3 of lust one unit , The unit ii iscusses the respon-
sihil If ies for the program I t cowers requirements fon plan submission;
the contents of the a hpl Ica' ion nr a ) cominnythg, letter; approval and
d isapproval of plans, isbuance of pormits, performance bonds, erosion
and sod Inon t cohtrol artreoneniu; -oft_ ps required if plan is disapproved;
apooals; inspect ion; Inn- pootor responsibi I ties, notice to ()imply; com-
plaints; ani how 0 hane le ine 1 fective meo ires which comply with Hand-
book requiremonts he Hanibook is the le reference for this unit ,

A kbowledp,e of the abhve is essential to the smooth and eff icient
handl ink, of I ho artrll in h,1 ra + lye do la i Is of the program whe, her you are
the a; pl I,ani or the plan approving authority , The responsi bil ities,
author:, i es , , ores wi II vary uom"winal by local areas so that
the Ire al on n,:ras r,,quirer,n to should be checked ,

Irc' lwe.))1

1 ica te responsible for suly); ssion of the erosion and
iment contrc l plan, plan 7.pproval , I ssuance of permli s, inspection ,

and t Ion in your cal arra

2, Liot I to Informa tiot whi--h an appl Ica t inn or lett- r ,oub-
mission must provide when submitting an erosion and sed linen) eon rol
plan ,

3 Nan.) the on+ on ts of A pre]. tom inary plan , if such is required

I2131 Ornn whi 1 mu t l fol 1 bwrmf if a plan is
liaapfyroced

LI`

',-;.-1:". the requiremon fnr mod if loat ion of a plan ,

fa o - cruel lor; I or in ' coot on , la hon-oompliant

r fbo , ir don sl fereo by an In-

Pen aan ; no k , , -f, 1

a 4i11 resiyol- ry in l )ca I areas
oudy the --bar' r 'no hauOiy- i-1 isrlu is

o marO -o I tnt do' -r Ion hiotri Ino



out which of thcso al ternat Ives Ka, adopted ill the A: ea( .(,) 131 which you
work.

Note also tha t according le the Handbook on page V-15, item .2,,
ih,. approvin,t( ab Us:: 1 ty shall be g n iced by Iequirements in the
local handbook . By law these requirements must bt at least as strin-
gent as the ,343,i1e hand book , but they may bo More Su. YOU should Use
the loc.il oros ler, and se i intent control handbook for thete requirnments.

rhe inspe,tnr will he,ek on Al 1 ineasuiNs which are taart of the
pros Ian and sediment en311 r, I plan He will also evalual e the effective-
ness of the plan by cheek iluz 1 or ev ?dere e 01 erosion In1 evidence of
ittoot-tit 1,11 of sediment

H. will chi ck the timing, and sequente of in stal la ' ion or practices
1 01, (I'd 3. th" gi ad Ih4 and 0"ter land 1s4 LI1 1,1/1 s tin lea. This will
Inn nt Ii, k IIC on 5 tae ing 01 ma 11 grad ino; in t 1 vi t les

roct era 1 er, ,u1, on Aid im'd fj1 con') ol prac Ii 'e will be , hecked
for plieement, adherence to desi..,,n dImenlot ,, and ad 'quay 01 mu-1,-1,-

1141. I log soft log, or othe: surf ace In atm, n , e wl 11 also check
on the goal y of In,talla' lor, wt111,, P inr1 ,ides cempa/ ti in, smoothness
rif .2-ad ff15,, prttper ',lope and teal:tag, of till ml Ind safely of outlets.

VeVm '41. lee oral '1. m m w111 ii ho/ ked 103 suoh t orr,n, as t
1130301 arp4 IlIum0 01 nol, , el-I 11 I Oat ion, spe, 1os, and ef lect iveness
of resul

wnld',11000,1

. Who 1', r ,poh ,1 Id. In your ar-A rot.

(A)

(t)
(I)

efH bel ot 1 he 0ro,ior, m-',11,13111 ontnvi plan
1.(r, mvil

I StrOm me1-7,1'

10- imme '13,11

mm 11,11,

Ibt ,,1 11,1 Nm 311 ) I 70 in appi I a t lott en
3,J0cr, 1 100

1 tn inary m-,1,-mn an I -,td !men"
onI rni pla

wha rot 0 ;sr, I. f 11 :w0-; II lan 0 itoiopri

1-0101r00e'1 r mot 1f "oat ton of in a portAts;
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t;tate the ininvi.,1ons for handl ing non-, on pl lance appeals and
report ing ineffect ive measures when sin, h measures are in act ordan e

ith an approved plan .

Summa ry

The prepara t ion and sutr, I ssion of the erosiun and sediment con trol
plan is the responsibi l I ty of the owner , lessee, on duly author iced
agent of the owner or lessee title plan appro./ in tot hori ty will vary
by local I ty It may rest with the coun ty , city, Incorporated town, ur
listrit. A department or posi t'on within one of these lurisdictions
w ill be named an the plan approvint agency or person Each local pro-
gram wil l Indica te this responsibility. Issuance o f perm ts for grad-
ing, building, and other actions are Not chwanged exc ept that the permit
I 88U1/W, au thori ty sha 1 1 not Ins ae perm I ts intl I the soil eros ion and
sediment control plan has been approved and so cert if led A cert if I cate
o1 performan,9.r from the person responsible for carry ing out the plan
must twt provided

The local control program will des Ignia te the ;department or person
responsible for inspect) on, This department or person will tax respon-

ible for a :rysternatIL program for on-si te inspn tion, record: ing the
dates and resul to of sto h inspo t ion. Note Appendix A , Mandlook items
K .14 to X.I. Pages 19- 0, on non ,mpi e 151 the 'Troy:AL/in in
y oar 1 oca I program

Requirements for an appl icat ion are given in Appendix A , on pages
V -1 d- lb, I teas tI I , to B.: I'. The local requirement s should iv
c he cked

Pin -h Incal control program makes provisions for let I ing the
a PPl I cant know, fnr a 1 Ian tha t is disapproved , the mod if Ica t ions ,
terms , and condi t ions which mos t be met tu al low Plan approval

Modi fl at Ions of approved plans must tie agreed upon by the plan
a pprov ing as thon it y and the per son re sions I 51 c fon carry ing int the
plan

Appendix A, pages l and . J, I tems K 5. through K f,, is.tuns
a lternative wayc f r handl ing ocn-c,mnpl lanoe Clar.k the 10,41 pn og-ram

f r t he si" f n'qu IN st' lion reveals that a pproved
control pract Ices are being f lowed 1,0 are Int,ffe,,-t lye, the plan
a pproving, adt hoz-1'y In rot if led and approprla tx. haoros are agreei
upon by tne authority an the p,rs in re ;peon sl ble I or iarry frig out the
plan
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APPENDIX B

>eleLted material f'rorn "1'1 t ing 3011 Lo:3906 in V LI ginia ," U B

Soil Conserva+ ion A3rvliv, Riehmond., V ire In la

1)1 e 1, .1oie r,ffeet FoNgraphic Ioactor, 1,11 Page B-1

^able :b. S 'a ( tors Fci 1 eminent thsture, Range- Page 3-3
land, And Idle land

e C Factors For Woodland Page B-14

I able (.1 Ioa,1,1 For Var ')us Mulches Page A- 5

list Ra Infa 11 F`actoi H Factors Page B-6
()r Lists By to B-7

'fable Ir tor,, For Annual RA infa 11, Prohibl Page B-8
B Once Ln `, Years and Or! u, In 'n,

,ing le Otorm Erosion Inl-x Values
Fur s, (-) 71.1 ') Years

1 al, 1 151/ 1 hut I he Annual loaolor, Page B-8
Py Mont h

able ' K and 1 Va For ii In irg in t -9
to II- 28

108



1116.

Table 1

Slope Effect - Topographic Factor, LS

Slope Length In Feet

Slope 10 20 40 60 80 100 110 120 130 140 150 160 180 200

0.2 0.04 0.05 0.06 0.07 0.08 0.08 0.C8 0.09 0.09 0.09 0.09 0.09 0.10 0.10

0.3 0,04 0.05 0.07 0.08 0.08 0.09 0.09 0.09 0.09 0.10 0.10 0.10 0.10 0.11

0.4 0.05 0.06 0.o7 0.08 0.09 0.09 0.10 0.10 0.10 0.10 0.11 0.11 0.11 0.11

0.5 0.05 0.06 0.08 0.08 0.09 0.10 0.10 0,10 0.11 0.11 0.11 0,11 0.12 0 12

1.0 0.06 0.08 0.10 0.11 0.12 0.13 0.13 0.14 0.14 0.14 0.15 0,15 0 15 0.16

2,0 0.10 0.12 0.15 0,17 0.19 0.20 0.21 0.21 0.22 0.22 0.23 0.23 0.24 0.25

3.0 0.14 0.18 0.22 0.25 0.27 0.29 0.30 0.30 0.31 0.32 0.32 033 0.34 0.35

4.0 0.16 0.21 0.28 0.33 0.3? 0 0 0.42 0.43 0.44 0.46 0.47 0.48 0.51 0.53

5.0 6,17 0.24 0.34 0.41 0.48 0.54 0.56 0.59 0.61 0,63 0.66 0.68 0.72 0.76

6.0 0.21 0.30 0.43 0.52 0 60 0.67 0.71 0.74 0.77 0.80 0.82 0.85 0.90 0.95

8.0 3.31 0,44 0.63 0.7? 0.89 0.99 1.04 1.09 1.1j 1.17 1. 1 1.25 1.33 1.40

10.0 0.43 0.61 0.87 1.06 1.23 1.3? 1.44 1.50 1.56 1.62 1.68 1.73 1.84 1.94

12.0 0.57 0.81 1.14 1.40 1.61 1.80 1.89 1.98 2.06 2.14 2.21 2.28 2.42 2.55

14.0 0.73 1.03 '.45 1,78 2.05 2.29 2.41 2.51 2.62 2.72 2.81 2 90 3.08 3,25

)6.0 0,90 1.2? 1.80 2.20 2.54 2,84 2.98 3.11 3.24 3.36 3.48 3.59 3.81 4.01

18.0 1.09 1.54 2.17 2.66 3.07 3.43 3.60 3.76 3.92 4.06 4.21 4.34 4.61 4,86

20.0 1.29 1.82 2.58 3.16 3.65 4,08 4.28 4.47 4.65 4,83 5.00 5.16 5.47 5,77

25.0 1.86 2.63 3.73 4.56 5.2? 5.89 6.18 6.45 6.72 6.97 7.22 7,45 7,90 8.33

30.0 2.52 3.56 5.03 6.16 7.11 7.95 8.34 8.71 9.07 9,41 9.74 10.06 10 67 1125

40,0 4,00 5,66 8.00 9,80 11.32 12.65 13.2? 13,86 14,43 14 97 15.50 16,01 16.98 17.30

50.0 5.64 7.97 11.27 13.81 15.94 17.82 18.69 19.53 20.32 21.09 21,83 22.55 23 91 25.21

60.0 7.32 10.35 14.64 17,93 20.71 23.15 24.28 25.36 26.40 27,39 28.36 29.29 31.06 32.74

December 1974
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B-3

Table 2b "C" Factors For Permanent Pasture, Rangeland, and Idle Land 1/

Vegetal Canopy Cover That Contacts The Surface

Type and Height
of Raised Canopyi

Cano
Cover3.1 Ty PeL'i Percent Ground Cover

20 40 60 80 95-100

o umn o:

No appreciable canopy .45 .20 .10 .042 .013 .003

.45 .24 .15 .090 .043 .011

Canopy of tall weeds 25 G .36 .17 .09 .038 .012 .003

or short brush M .36 .20 .13 .082 .041 .011

(0.5 m fall ht.) 50 C .26 .13 .07 .035 .012 ,003

W .26 .16 .11 .075 .039 .011

75 G .17 .10 .06 .031 .011 .003

V .17 .12 .09 .067 .038 .011

Appreciable brush 25 C .40 .18 .09 .040 .013 .003

or bushes M .40 .22 .14 .085 .042 .011

(2 m fall ht.) 50 G .34 .16 .085 .038 .012 .003

M ,34 .19 .13 .081 .041 .011

75 G .28 .14 .08 .036 .012 .003

M .28 .17 .12 .077 .041 .011

Trees but no appre- 25 C .42 .19 10 .041 .013 .003

ciable low brush W .42 .23 .14 .087 .042 .011

(4 m fa'll ht.) 50 G .39 .18 .09 .040 .013 .003

w .39 .21 .14 .085 .042 .011

75 c .36 .17 .09 .039 .012 .003

W .36 .20 .13 .083 .041 .011

1/ All values shown assume: (1) random distribution of mulch -)r vegetation.
and (2) mulch of appreciable depth where it exists.

2/Average fall height of waterdrops from canopy to soil surface: m - meters.

1/ Portion of total-arua surface tht would be hidden from view by canopy in
a vertical projection, (a bird's-eye view).

G: Cover at surface is grass, grasslike plants, decaying compacted duff,
or litter at least 2 inches deep.

W: Cover at surface is mostly broadleaf herbaceous plants (as weeds) with
little lateral-root network near the surface, and/or undecayed residue.

1 1 1
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Table 2c - "C" Factors For Woodland

Stand
Condition

Tree Canopy
% of Area 1/

Forest

Litter

% of Area z./ Undergrowth 2/ Factor

Well Stocked 100-75 100-90 Managedtli .001

Unmanaged4/ .003-.011

Medium Stocked 70-40 85-75 Managed .002-.004

Unmanaged .01 -.04

Poorly Stocked 3.5-20 70-40 Managed .003-.009
Unmanaged .02 -.09 V

1/ When trec canopy is less than 20%, the area will be considered as grass-
lzula or cropland for estimating soil loss See Table 2b,

12/ Forest litter is assumed to be at least two inches deep over the percent
ground surface area covered.

2/ Undergrowth is defined as shrubs, weeds, grasses, vines, etc., on the
surface area not protected by forest litter. Usually fotnd under canopy
openings.

4/ Managed -- grazing and fires are controlled.
Unmanaged -- stands that are overgrazed or subjected to repeated burning,

1/ For unmanaged woodland with litter cover of less than 75%, C values should
be derived by taking 0.7 of the appropriate values in Table 2b. The fa-

tor of 0.7 adjusts for the much higher soil nrganic matter on permanent
woodland.
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Table 2d

a.

- "C" Factors For Different Kinus of Ground Cover
That May Be Used In Computing Soil Losses Are:

'I/Ac

Straw or hay, tied down by anchoring
or tracking equipment used across

(Mulch)

slope 1.0 20

1.5 10

2.0 .05

4.0 .02

b. Woodchips 7 o .08

12 0 .05

25 0 .02

c Wood cellulose fiber 2.0 .10

d. Fibe.rg1ass (1,000 lbs /ac.) .05

Asphalt emulsion (1,250 gallons/ac ) .02

f. Crushed stone 60.0 .17

235.0 .05

240.0 .02

g. Bare areas 1.0

Annual cover 0 15

1 13
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Rainfall Factors For Counties And Cities In Virginia

Rainfall Factor (R) = 125 Rainfall Factor (R) = 175

Highland Albemarle
Appomattox
Buckingham

Rainfall Factor (R) = 150 Campbell
Culpeper

Alleghany Cumberland
Amherst Faguier
Augusta Fluvanna
Bath Goochland
Bedford Henry
Bland Louisa
Botetourt Madison
Buchanan Nelson
Carroll Orange
Clarke Pittsylvania
Craig Prince Edward
Dickenson Prince William
Floyd Rappahannock

Franklin Spotsylvania
Frederick Stafford
Giles

Grayson

Greene Rainfall Factor (R) = 200

Lee

loudoun Amelia
Montgomery Caroline
Page Charlotte
Patrick Fairfax
Pulaski Hanover
Roanoke King George
Rockbridge Luncnburg
Rockingham Nottoway

Russell Powhatan

Scott
Shenandoah

Smyth Rainfall Factor (R) = 225

Tazewell
Warren
wa5h1ngton

Chesterfield
Henrico

Wise
wythe

Mecklenburg
New Kent
Richmond (City)



B-7

Rainfall Factors For Counties And cities In Virginia (Cont.)

Rainfall Factor (R) . 250 RaInfall Factor (R) 300

Accomack Chesapeake
Brunswick Hampton
Charles City James City
Dinwiddie Newport News

Essex Suffolk
Gloucester Virginia Beach

Greeneville
Isle of Wight
King and Queen
Lancaster
Mathews
Middlesex
Morthampton
Northumberland
Prince George
Richnond (Co.)

Southampton
Surry
Westmoreland
York
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Erosion Index Values For Annual Rainfall And Expected
Magnitudes Of Single-Storm EI Values At Key Locations

In Virginia

Average
Annual

Probability
One Year In

Single Storm Normally
Exceeded Once In

Location (3) 5 20 5 Yrs. 10 Yrs. 20 Yrs.

Richmond 225 275 361 86 102 125

Roanoke 150 176 237 48 61 73

Lynchburg 175 232 324 66 83 103

Washington 200 250 336 86 108 136

Annual Distribution Of Rainfall-Erosion Index Factors
Ln Percent By Physiographic Areas

Coastal Plain Piedmont Mountains & Valleys

Accumulative By Month Accumulative By Month Accumulative By Month

1/1 0 0 0

2/1 2 2 4 4 2 2

VI 3 1 7 3 3 1

4/1 6 3 12 5 6 3

5/1 10 4 17 5 10 4

6/1 20 10 25 8 20 10

7/1 35 15 35 10 40 20

8/1 55 20 55 20 65 25

9/1 75 20 78 23 82 17

10/1 85 10 87 9 91 9

11/1 92 7 92 5 95 4

12/1 97 5 97 5 96 1

1/1 loo ) loo 3 aoo 4
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K AND T VALUES FOR SOILS IN VIRGINIA

The K values listed are based on field experience and limited test
data. On-site analysis and test data might result in K values different
from those listed. These values are sabject to change as more informa-
tion becomes available. The soils indicated with an asterisk are either
flat flood plains and/dr wet, and are not subject to erosion.

Soil Depth

Abell 0 - 8

8 0

40 60

.28

.28
43

4

Alamance 0 - 46 ,43 4

Albano*

Albemarle 0 - 45 .37 4

Aldino 0 - 14

14 36

36 6o

.43

.37

37

3

Algiers*

Alleghany 0 - 65 .28 4

Althvista 1/
12 -- H

.28 :,2, 4

A ng 1e 0 60 , 32 4

Appling 1./ 0 10
10 - 54

.28 .32
.28

4

Ashe 1/ 0 - 30 .24 2

Ashlar 0 18
18 - 34

. 24

.43
2

1/ Ghannery, cherty, shalcy, gravelly, flaggy, cobbly, rocky phases
are reduced 1 class in "k" value.
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Soil Depth

Athol 1/ 0 - 1 .32 .3? 4

8 - 41 .1?

41 - 62 28

Atkins*

Atlee 0 - 9 .3? 3
9 - 26 .3?

26 52 .3?

Aug-usta 0 - 9 .43 2

10 - 60 .3?

Aura (see State)

Aycock 0 1? .37 4

12 - 80 .43

Baile'

Bayboro

Bedington 0 8 .32 4

8 - 46 .28

46 - 62 .17

Beltsville 0 8 .43 3

8 - 25 .3?

25 - 60 .32

Belvoir 0 - 8 .32 3
8 - 20 .32

20 - 40 .32

Benevola 0 - 6 .32 3

6 - 42 .28

Berks 0 - 10 .28 3
10 - 26 .17

26 - 33 .1?

1/ Channcry, cherty, shaley, gravelly, flaggy, cobbly, rocky phases
are reduced ] class in "k" value.
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Soil Depth

BermudLan

Bertio 0 9 .32 3

9 38 .32

38 - 60 .17

Bibb'

Birdsboro 0 - 10 .28 4

10 46 .28

46 70 .17

Bladon'

Bland 1 . . / 0 - 3 .43 2

- )0 .43

30 36 ,43

Bolton 0 - 11 .28 4

11 42 .28

Bourne 0 12 ,43 3
12 - 28 .43

28 52 .43

Bownansville*

araddock 0 8 .32
8 - 48 .28

48 - 85 .32

arandy.ine I/ 0 - 25 .24 3
25 - 40 .37

Brays*

arecknock i/ 0 - 46 .32 3

Bremo 0 - 9 .32 2

9 - 17 .28

17 25 .17

I/ Channery, cnerty, shaley, gravelly, faaggY, ccbbly, rocky phases
are reduced 1 class in "k- value.

1 1 9
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Soil Depth

Brockroad 0 - 8 .32 4

8 - 59 .32
59 - 70 .28

Bucks I/ 0 - 21 .32 4

21 - 40 .43

40 - 52 .28

Buncombe 0 - 60 .17 5

Burketown 0 - 60 .43 3

Burton 0 - 21 .15 2

21 - 28 .24

Cahabe 0 - 9 .24 4

9 53 .20

- 80 .24

Calverton 0 - 11 .32 3
11 - 40 ,32

40 - 60 .37

Calvin 11 0 - 3 .24 3-2

8 27 .28

27 .28

Cape Fear*

Ca pt Ina 22 0 - 14 .37 3

- 24 .32
24 - 60 , 32

Garbo 1/ 0 - 6 ,49 2

6 - 32 .49

Cardiff I/ 0 - 45 .28 3

Caroline 0 - 8 .43 3
8 - 80 .43

1/ Channery, cherty, shaley, gravelly, flaggy, cobbly, rocky phases
are reduced 1 class in "k" value,
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SoU e pth

Cart ecay

Ca tharpin 0 -
- 44

Q. - 70

)2

3:
4

Catlett .1.1 - 7
1 1

1 1 1 9

, 20

20

.17

2

1r) 0-9
22 - 28

.

28

.28

3

(30,11 1/ 0 -
7 0

.20 - .32
.28

0

Chagr ln

Chandler 0 4 .15
.1)

Dast lan*

Chivos 11

Che,,ter 1/ .1 1 C,

30 0.

.3:

1-.3

0-3

03e.pit la"

Chi thowie fy ..1118
Clark sbu.r U 2 12

r;U

37 .41
:0

r'larksvil le

L11.1 1 on ) - .3.
s<

JJ Char.n,r-y , ht ry ,

rc,duco,!, :1,-L

shiloy , Frra qt..] ly,,
Or, "k" valup

laggy , , locky phases

1 2 1
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So 11 Depth

Clymer 0 - 50 , '8 3

Codorus 0 18 , 4 9 4

18 - 94 . 0?

Go . 24

Colfax 0 - 11 .3? 14

11 30 .1?

30 - 6o .43

Comus"

Congaree'

Corydon 0 15 4 3 2

Coxy i 110

Gra tg ay il lc 0 - 4 . 1? 3
4 27 1?
27-60 1?

Craven 3 11 3" 3
11 21 . 32

21 65 .28

Creedno or 0 8 .1? 3
8 19 .)?

19 56 .32

Cul len 0 9 37 4-3

9 50 .3?
50 72 .3?

Culpeper 0 7 .37 14

7 32 28

12 60 . 17

Dandr idge 11 3 16 . 1? 2

Dav idson o ? ,28 5

- 12 , 12

12 3 .24

53 28

(-:)-annery, ch,r ty , sha ley , rra v.- 1 ly flaggy cotbly, , rocky phases
arm redureo 1 class in "k" value.
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So 11 Depth

Decatur 0 - 7
7 20

20 - 72

.32

.32
.32

5

Deka lb 0 - 40 .24 3

Delanco 0 - 11 .28 4

11 32 .28
32 - 50 .37

Dogue 0 9 .28 4

9 7 .28

47 - 60 .17

Dragston.

Drall 0 - 9 .17 3

9 31 .17

31 58 .17

Duffield 1/ 0 10 .32 4
10 53 .28
53 58 .28

Dunbar 0 8 .28 4
8 80 .24

Dunmore 0 11 .37 4
11 - 60 .32

Dunning'

DuplIn 0 - 8 .32 3

8 - 80 .28

Durham 0 - 16 .17 4
16 48 .20
48 - 56 .32

Dyke 0 - 7 .32 4
7 - 60 .28

1/ Channery, cherty, shaley, gravelly, flagg,Y, cobbly, rocky phases
are reduced 1 class in "k" value.
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Soil Depth

Edneyville o 10

10 - 30

30 - 40

.28

.28

.24

3

Edom 0 8

8 3 6

36 46

.28

.28

.17

3

Elbert*

Elioak 1/ o - 10

10 - 33

33 60

.32

.32

,43

4

Elk 1/ 0 14

14 60
.37

.32

4

Elkton*

Elliber 1/ 0 - 60 4

Elsinboro 11 0 60 .28 3

Enon 0 - 7
7 34

.3?

,43

4

Ernest 1/ 0 - 8
8 - 60

,32

,28

3

Eubanks 0 - 60 .32 4

Faceville 0 - 5
5 - 6o

,28

.37

5

Fairfax 11' 0 - 8
8 - 40

40 - 92

.43

.43

.28

3

Fallsington (see Lumber)

Fannin 0 - 7
- 25

25- 32

.3?

.43

.43

3

1/ Channery, cherty, shaley, gravelly, flaggy, cobbly, rocky phases
are reduced 1 class in "k" value
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Soil Depth "V'

Fauquier 1/ 0 - 5 .28 - .32 4

5 6o .43

Fletcher 0 18 .43 4

18 - 32 .43

Fluvanna 0 - 8 ,32 - .37 3

8 - 46 .43

46 - 6o .28

Forestdale*

Fork 0 - 8 ,43 2

8 6o .43

Frankstown 1/ 0 - 8 .32 3

8 - 25 .28

25 60 .28

Frederick 1/ 0 - 6 .24- .32 4

6 - 60 .28

Fuquay 0- 34 .-o 5

34- 8o .20

Galestown 0- 50 .17 5

Genessee*

Georgeville 0 7 .37 - .43 3

7 34 ,43

34 45 ,43

Gilpin 1/ 0 - 40 .28 3

Glenelg 1/ o 24 .32 3

24 6o .43

Glenville 1/ o - 24 .32 3

24 - 6o .37

Goldsboro 0 - 15 .20 5
15 76 .24

Goldston 0 - 25 ,20 2

1/ Channery, chertyt shaley, gravelly, flaggy, cobbly, rocky phases
are reduced 1 class in "k" value.
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Soil Depth

Goldvein 0 - 18 .43 3

18 - 43 .37
43 - 53 .32

53 - 8o .28

Granville 0 16 17 4

16 - 45 .20

Greendale 0 - 50 .32 5

Groseclose 0 - 9 .32 3

- 60 .32

Grover o - 9 .28 3

9 38 32

Guernsey 0 20 43 3

20 - 50 32

Gwinnett 0 7 .28 4

.28

Hagerstown 11 0 - 8 .32 4

8 60 .32

Hartboro*

Hayesville 0 5 .32 4

5.60 .28

Hayter 0 9 .20 .28 4

9 50 .28

50 6o .17

Hazel 1/ 0 - 30 .28 2

Helena 0 12 .37 3

12 19 .37
19 46 .32

Herndon 0 - 9 .37
9 _ 48 .37

48 68 .43

Hiwassee 0 - 6 .32 4-5

6 7o .28

Channery, chePy, shaley, gravelly, fla ggY, cobbly, rocky phases
are reduced 1 class in "k" value.
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Soil Depth

Huntington*

Iredell 0-7 43 3
7 2 4 .20

24 - 32 .28

Jefferson 1/ 0 - 8 .28 4

8 - 38 28

38 - 62 .28

Johns 0 - 15 20 3
15 - 32 .24

32 - 60 .10

Kalmia 0 - 14 .24 4

14 - 32 .24

32 - 60 .10

Kelly 0 - 6 .43 2

6 36 .37
36 - 45 .28

Kempsville 0 - 11 .28 4

11 - 53 .43

53 90 .17

Kananiville 0 - 22 .15 5
22 - 40 .15

40 - 80 .10

Keyport (see Craven)

Kinkora*

Kingston*

Klej 0 - 50 .17 5

Kllnesville 0 - 5 .20 2

5 - 15 .28

15 19 .28

Laidig 0 8 .28 4

8 37 .28

37 - 80 .17

1/ Channeryt cherty, shaleye gravelly, flaggy, coobly, rocky Phases
are reduced l class in "k" value.
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Soil Depth

Lakeland 0 - 90 .17 5

Land isburg I/ 0 20 .43 3

20 - 60 .32

Leetonia 0 19 .17 3
20 - 45 .17

Legore 0 - 10 24 3

10 - 24 . 32
24 - 6o .24

Lobe)/ 0 - 6 .17- .24 3
6 32 .17

Leno ir 0 - 8 .37 3

8 75 .37

Leon*

Lewi s berry 0 - 12 .20 3
12 46 .17
46 - 62 .17

Lignun 0 - 5 .43 2

5 38 43
38 72 43

Linds ide

Litz 1/ 0 11 32
11 35 .32

Lobde 11*

Lodi 0 8 . - . 32 4
8 2 4 .28

24 6o .28

Louisa 0 - 4 .24 2
4 - 15 .24

Louis burg 0 - .20 2
- 24 .24

j Channery, cherty, sha ley , gravelly, , flaggy, , cobbly, , rocky phases
are reduced 1 class in "k" value .
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Soil Depth

Lumbee"

Lunt 0 - 9 .3? 3

9 )8 .43

38 - 60 28

Lynchburg 0 9 .20 4

9 - 72 .20

Madison 1/ 0 7 32 4

7 44 .32

Manassas 0 15 . )2 4

15 - 60 .32

Manor 0 - 15 .43
3

15 - 60 .49

Mantachle"

Manteo 1./ 0 - 5 28 - 132 4

5 15 .28

Marlboro 0 9 .20 4
9 - 72

Marr 0 12 32 3

12 50 32

Masada 1/ 0 9 .28 - .32 4

9 55 28

55 72 .28

Matapeake 0 - 55 32 3

Mattapex 0 - 50 .37 3

Mayodan 0 12 .20 - .24 3

12 - 47 .24

47 - 60 .24

Meadowvillo i/ 0 13 .37 3

13 .52 .28

1/ Channeryc cherty, shaleye gravelly, , flaggy, cobbly, rocky Phases
are reduced 1 class ln "k- value
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Soil Depth

Mecklenburg 0 - 6
6 - 60

.32

.32

4

Melvin*

Holena o - 7 .17 5

7 51 .17

51 - 6o .15

Monongahela o - 6o .43 3

Montal to .11' 0 - 45 .32 4
45 - 60 .37

Mt. Airy 8 33 28 3

Murri11 0 15 .24 .28 4
15 - 60 .17

60 - 80 .28

Muskingum 0 - 40 .28

Myatt`

Myersvil le 0 - 6 32 4
6 - 6o .32

Nason 0 - 8 .32 4
8 - 38 .28

38 - 5o .43

Needmore 0-7 37 3
7 - 40 .24

Norfolk I/ 0 - 17 .28 5
17 - 8o .24

Opequon 0 - 20 43 2

Orange 0 - 10 .49 2
10 38 , 28

38 58 .43

11 Ciannery, , cherty, , shaley, , gravelly, , flaggY cobbly, , rocky Phases
are reduced 1 class in "k" va 1 ue
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Soil Depth

Orangeburg 0 - 7

7 60
.24

. 24
5

Othello*

Pacolet 0 - 6
6 27

27 - 42

. 20 214

.28

.28

3

Pactolus*

Pamunkey 0 - 60 .28 4

Pedlar 0 - 10

10 - 20
.32

.32

2

Penn 0 - 8
8 - 23

23 32

.28- .32

.28

.28

3

Philo*

Pinkston 0 - 8
8 19

19 30

.32

.32

.24

2

Pisgah 0 - 8
8 - 50

50 - 60

. 28

.28

.37

3

Plummer*

Pocomoke*

Poindexter 0 - 40 .37 2

Pope*

Porters 0 - 7

7 - 28
28 42

. 24

.24

.32

2

Portsmouth*

Pouncey*

1/ Ohannery, cherty, shaley, gravelly, flaggy, cobbly, rocky phases
are reduced 1 class Ln "k" value.
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B-24

Soil Depth

Purdy 0 - 50 .43 3

Rabun 0 11
11 - 47

.32

.32
4

Rains`

Ramsey 0 20 17 1

Rapidan 0 - 48 32 4

Raritan 0 - 8
H _ 50

43
....8

3

Readihgton 0 - 9
9 - 29

29 5o

.43
43

. 28

3

Riverview"

Roanoke

Roherersvil e 0 - 15
15 - 42
42 - 64

.37

.37
43

4

Rowland 0 10
10 44
44 60

.43
28

. 17

4

Rumfonl 0 17
17 60

.20 - 24
17

4

Rushtown 0 - 50 .17 4

Ruston 0 - 16
16 41
41 - 47
4?- 92

20- 24
32

.24

.32

3

Rutledge'

i j Channery, cherty, shaley, gravelly, flaggy, cobbly, rocky phases
are rduced 1 class in "k" value.
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8-25

So 11 Depth

Sassafras 11 8 17 .28
17 - 37 32

37 60 .17

Sees 0 - 50 . 37 3

Sek 11 0 - 14 .37 2

14 - 38 . 28

She 1 octa 0 - 20 28
20 60 , 32

Starr 0 - 10 . 24
10 60 .28

Sta te 0 - 60 28 14

Susquehanna 0 - 5 .17 .43 3

5 77 . 32

Tal ladega 0 - 9 .28 2
9 22 .28

Tallapoose 0 - 4 , 24 1

4 - 10 , 32
10 30 , 28

Tato 0 7 .28
7 - 46 .32

46 - 72 . 24

Tatum 0 - 8 .28 .37 3-4
8 47 .28

47 60 .47

TetotIsn () - 8 .32 - .37 3

8 - 48 .37
48 80 . 28

Thurnon t o - 8 .32
8 48 , 28

48 6o .

1/ Channery, , cherty, , sha 1 ey , grave 1 ly , flaggy, , cobbly, , rocky phases
are reduced i class In "k" value.
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iatauga

Watt

1,epth

0 ?
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0 - 1:

"1

3
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17

43
:B

Weaver

W edoWee
4 - 40 :0

Wehadkee

Ye lkert V 0 - 10 26 2
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3,2 5,' 17

uos tpha 1 la ii 0 10
10 10
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B-28

3011 Depth

Worshan

York 0 12 .32 3
12 25 32
25 80 43

2 lon 0 9 .37 2
9 - 36

36 - 80
28
17

KM. me classes ,)f "X" factors used ln V Irglnl2a are 17, .20, . 28 ,
28 , 32, , 37, 43, and .49,
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