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To the Jsers of this Training Program
ladies and Gentlemen

: On behalf of the Virginia Soil and Water Conservation Commiussion, I am
pleased to present the "Comprehensive Erosion and Sediment Control Training
Program for Engineers, Architects and Planners™ Since the passage of the
Virginia Frosion and Sediment Control Law 1in 1973, there has been a rapidly
increasing need for some type of uniform Statewide training in the field of
erosion and sediment controil The Soil and Water Conservation CommiSsion
recognized this need and entered into 2 cortract with My Harry L “orter, Jr.
to develop such a training program fo wviryin.~

The Commission requested My Porter to develop a program that would not
only give information pertaining specifically to the Virgiria Erosion and
Sediment Control Program, but would also provide an overall Yackground 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 materlal will find that this requirement has
been fulfilled This 1s probably one of the few texts in this Country that
addresses erosion and sedimentation from 1ts origin to 1ts control and relates
the two to provide a fyrm 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 1t 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 tarlor-made for use in Virginia, the basic principles and
objectives contained herein aXe universal in scope and adaptable to any

“ state program

The Commussion exoresses 1tS sincere appreciation to Mr Porter for the
fine jJob he has done 1in preparing this text and to all those agencies and
individuals who have contributed to its content Also, special thanky« 13 due
NACD for making national publication and distribution possible

Sincerely,,

V4 ﬂ w‘l-e“m), -
Jo¥eph B wWillson, Jr
Director
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Preface

This program is designed to provide instrucilon to the engineer,
architect, planner, and others who will be helping to implement the
Virginia Erosion and Sediment Control Program. It 1s intended to add
+o the student's capabllities so that he will be able to demonstrate
measurable performance of the necessary new skills.

Behavioral objectlives are tasic 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 objectlives was prepared. These
were sequenced so that each abllity mastered would be the uilding block
for the next objective. These objectives then became the tasis for the
sequence, design, and content of the entire training progranm.

The content was carefully selected. It 1s the materlal which the
student needs to know in order to carry out the stated objective.

Objectives are spelled out in the progran. When possible the objec-
tives indicate tre acceptable level of performance. The student will
know what he 1s to learn and what is considered acceptable. This pro-
vides both 9tudent and teacher a means of measuring how well they are

doing.

Each unit in the program begins with a statement of the purpose and
significance of the unit. Next, the objectlives for the unit are stated.
Objectives are followed by the sublect matter content which will include
outside references in some units. The "contents” may also include some
vackground guestions or example problems. Criterion questions are in-
cluded following the content so that the student can test himself. A
summary answers the questlons and triefly lists pertinent polnts, with
very iittle discussion.

The "content" section of some units will refer to and asslgn pages
in the Appendix. It 1s essential that these pages be read as a part of
the sublect matter content for that unit. Some of the criterion questions
will be drawn from the Appendix assigrnments and the summary will cover
both the "content" and Appendix materlal. For instance, Unit 1 in Part I
includes references to Appendix A, pages V-35 to V-42,

In Parts 111 and IV, Appendix A, Virginla Erosicn and Sediment Control
Handbook and Appendix C, the USDA-3CS Technlcal Release No. 55. Urban Hy-
drxology For Small Watersheds, are to be used as part of the subject matter
content. In all cases, the content section of thls program presents what-
aver material is necessary ito supplement the Handbook and the Technlical
Release and assigns specific Pages in these references as part of the
program content. Instructors may also choose to develop visuals and
other teaching aldes in teaching Faris III1 and IV,
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How To Use Thlis Program

First, read the program preface to get an understanding of the
purpose and organization of the whole program. The program is designed
to be used in sequence from beglinning to end.

Each subject matter unit will have a short statement of the purpose
and significance. This will prepare you for the subiect and help you
to understand the applicat =ns to be maae of the skills you are to
learn. The next to appear are specific objectives. Read these care-
fully, tney will tell you not only what you sh~uld be able to do upon
completion »f the unit, but also what is cousidered an acceptable level
of performance

Read the subject matter -ontent including the Appendix references
which are indlicated. When you feel that y u have mastered the subject
and can perform as stated in the objective, move on to the questions
and check yourseif. Read the summary to see how well you did. If per-
formance was satisfactory, move on the next unit; if not, check the
content and references azaln until you feel sure you have mastered
the unit.



PART 1 INTRODUCTION

Unit 1 The Virginia Erosion and Sediment Control Program

Purpose and Significances

This unit introduces the Virginia law and the Virginia Erosior and
Sediment Control Handhook. It presents and discusses the tasic purpose
of the program. Basic responsibilities for various aspects of the pro-
gran are given. The Handbook is essential for program implementation.
A knowledge of the items discussed {n this unit are lasic to understand-
ing the total erosion and sediment control program. The Information
w11l reinforce you in your continuing study and will help you in dis-
cussing the program with employers, assoclates, and the pudlic

Objectives:

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

1. Name the two Jdocuments which are the legal Wses for the
Virginia Erosion and Sediment Control Program.

2. Gtate the purpose of the program as given in the virginia Ero-
sion and Sediment Control law,

3. State where the basic responsidilities for the progran are
placed.

Contents

Read APpendix A, pages V-35 to V-42, Virginia Erosion and Sediment
Control Handbook, The Virginla Erosion and Sediment Control law,

The law was passed March 20, 1973. 1! states the purpose of the
program p. (V-395, 21-89-2) and indicates that it 18 to be implementad
through the Virginia Soil and water Conservation Commission * and the

* The Virginia Soil and ¥ater 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 EZrosion and Sediment Control law, the com-
mission has responsibility for the Small ¥atershed Program (Public law
566). coordination of all shore erosion prograns of state agencles,
administrative leadership in the program for accelerating the Virginia
portion of the National Cooperative Soil Survey, coordination and
assistance with the prograns of Soil and Water Conservation Districts,
and administration of the Conservation, Small Watershed Flood Control
and Area Development Fund.

1)
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8011 and water congservation districts * in cooperation with counties,
cities, towns, and otler subdivisions of this state. In 21-89-b, of
the lav the guldelines referred to in (b) are in the Virginia Handbook,,
whizh wus adopted by the Commission in April 1974, This Handbook is
the basis for the state program, and provides guldelines and standards
for the local programs, Most districts, counties, clitles, and towns
have adopted ordinances and have Jdeveloped programs. These programs
are conslistent with the state program and were reviewed and approved
by the Commlission. You will also find a summary of the purpose and
responsibilities for the progranm in  Appendix A, the {irst four para-
graphs on pge [-73,

Questionst

¥hen you have read the above material and pages V-39 to V=42 of
Appendix A, test yourself by

1. ¥riting the names of the two documents which are the legal
mses for the Virginla Erosion and wediment Control Prograns,

)

. stating the purpose of the Virginla program,

3 Naalng the state and Jural entities that were ass med re-
sponsibility for establishing and implementing the program,

Summary

The two tazic documents are (1) v Virginia Eroston and Sediment
Control Law and () tne Virginia Ervsion and bediment Contrpl Handbook.
The purpose of the program is “,.. to protect the land, water, air, and
other natural resources of the Communwealtli," The lesic responsiblility
for the program 1s assigned to the Virginia 01l and ¥ater Conservation
Commission and 3oil and Water Conservation Listricts working through
counties, citles, and towns.

* 3oil and ¥ater Conservatiun Districts are subdivisions of state govern-
ment responsible under state law tor conservation work within tleir
boundaries, Districts are responsible for deveioping programs to deal
with land and water resource problems and to covrdinate help from public
and pri mte sources to accomplish thelr il and wa‘er conservation
goals,

11
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Unit 2. Background and Ex'ent of the Problem

Purpose amd $1anif icnace:

This unit glves a very trief history of the erosion and sediment
problem and discusses ofiorts that have been made to solve it, It de-
fines erosion and distinguishes between geologic erosion and accelerated
erosion. The gross extent of the problem as well as the amounts at-
triduted to various activities of man are presented. The events aad
pressures which led to the present lavw aad progra= are discussed and
analyzed,

The law 18 motivutlon enoulh for some. Others will want a deeper
understanding of the problem. Jroad-lased support will depend on a
well informed pudblic. Knowledge of the background and the nature and
extent of the problen should strengthen the resclve ‘o help solve it,
Understanding of past etforts ane of trends affecting the problen
will help you to understand the approach taken in the Virginia Pro-
grar,

Object ivesy

1. Define erosior and distinguish between geologic and accele-
rated erosion,

J. 0 otate the to al tonnage of sediment pollution in the U. S,
and the Percentages attiridhuted to various activities of man.

3. Litst three major activities of man that cause sccelerated
erosion.,

4, Name and descride the federal-state program started in the
1930's to deal with the eros‘on problem.

5. Rame the conditlons that have brought renewed attention to
erusion and sediment prodlems in the last few years.

t. Name tre recent federal leglslation which supported and pro-
vijed stimulus for the »tate effort to control non-point scurce pollu-
tion.

7. rxplain why the construction industry has recelved current
attention in rany states' lawe, inclusing Virginia's,

Contenta
In the previous unit you learned the purpose of the Virginla pro-
gram, The problem whilch 1¢ seeks to correct is extensive  Sediment

1o the greatest siwle pollutant, by volune, of our lakes, rivers, and
streams. It ls the end result of the equally destructive process of

¢rosion,
12



Content (Cont.)

Soil erosion 1s usually defined as the wearing ~way of the land sur-
face by wvater, vind, ice, and gravity. In Virginia, we are primarily con-
cerned with erosion by water. For our purposes, we can define soll ero-
slon as a process of detachment and transportaticn of soil materials by
erosive agents,

Erosion i1s rot a recent phenomenon. It has been goling on since the
beginning of time. Whole mountalns have eroded away, Sediment deposits
several miles thick have been formed. Features as spectacular as the
Grend Canyon have resultec from erosicn. This natural process is called
geologlc eroslon. In the well vegotateu meadows, pastures, and forests
of Virginia the erosion process continues at - slow rate, It seldom is
discernadle to us. It usually continues as a slow natural nrocess un-
less 1t 1s disturbed by the activities of man, Geologlc erosion pro-
duces about 30% of the total sediment in the U, S,

The erosion which we are more concerned %ith results from man's
use of the land. This type is called accelerated erosion since the
geologlc rate 1s speeded up by the intervention of man. In this
country, accelerated erosion began when the first settlers from Europe
cleared sloping land and planted soll exposing crops. Accelerated
erosion produces about 70% of all the sediment produced in the U, S.

Total sediment production in this country 1s estimated to be four
billion tons vach year. (Ref. 1) This tremendous volume of material
exceeds the sewage loaa by scme 500 to 700 times. (Ref. 2) An
estimated 1-1/3 dillion tons of sediment is deposited in reservoirs
and causes a loss in storage capaclity of the natlon's reservoirs,
estimated at 1 milllion acre feet per year,

Agriculture, constructiion, and surface mining are the major acti~
vitles causing accelerated erosion. (Ref. 3) About 708 of the total
sediment is from accelerated erosion. About S0% of this sediment comes
from agricultural land. Cropland is the chlef source of this sediment.
Construction activities, surface mining, lorestxy, and stream channel
erosion account for the remalning 20%. Indlre~t effects of construction
may be resulting in much higher sediment production than the dixect
activities. Stormwater runoff from impervious surfaces in urban axeas
1s causing many streams that were relatively stadle to suffer severe
channel erosion. (Ref. &)

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

O
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Figure 1. Sediment Volume: Tons/Square Mile/Year
(Data from EPA 430/9-73-014)

1. Forest 24
2, (rassland 240
3. Cropland 4,800
4. Construction 48,000

)
(W]

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 usuall) concentrated in relatively small areas.
The sediment Problem is a "people" problem. {Ref. 5) It 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 llterally destroy small streams.

The first major effort to deal with erosion prodblems began in
the 1930'= with the passage of Pubdlic Law 46, 7uth Congress, and the
establistiment of the Soil Conservatior Jervice. Shortly after passage
of PL-46 the President of the U. S. wrote to the governor of each
state recommendirg legislation to establish soil and water conserva-
tion districts. The President's letter expressed this concernt "The
nation that destroys its soll destroys itself." The concern whicn
led to tnese acts was for the loss of valuadle soll resources to
erosion. The emphasis was on the contrcl of erosion on agricultural
lands. Soil Conservation Districts Laws were passed in all states.
The Virginia S5~il Conservation law was passed in 1938, The law
established Soil Conservation Districts which were to provide local
leadership for a soil conservation program. The Soil Conservation
Service and other federal and state agencles provided technical
assistance to farmers through districts. This voluntary federal-
state progran made substantial progress in controlling farmland
ernosion.

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

11
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environmental concerns of today. The effect of the sediment on the
people downstream, on the user and consumer of the sater resource 1s
a ma jor consideration.

The erosion control program carried out under PL-46 and through
local Soil and Wa.er Conservation Districts was eventually extended to
assist urtan and urbtanizing areas. In the 1960's 1t 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 exrosion 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, FL-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 attenticn to ercsion
and sediment control efforts. These goals arer (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 navigabdble witers by 1986.

The conditions which brought about the recent attention to the
erosion and sediment problem are many and varied. The limits of our
land resources are being felt by more and more people. Land per per-
son has dropped from about 17 acres in the 19%40's to about 10 today.
The rapid growth of highways, suburban housing, and shopping centers
following World War II has magnified the problem. The tzemendous in-
crease in powerful machinery made massive alteration of the landscape
possible. Increasing numders 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 tv the loss of
the streams, lakes, and natural areas that lrought 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.ed erosion.
Give the percentage of the total which is attrituted to each
activity.

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

15
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5. Name the conditions that have trought renewed attention to
erosion and sediment problems.
6. Name the recent fedcral legislation that has stimulated
erosion and sediment control efforts.

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

Summary s

Erusion is a process of detachment and transportation of soil
materials uy erosive agents, As a natural phenomenon it has shaped
much of our land as we know it today. Th.us matural process is

> geologlc erosion. In areas of forest or grassland, it is a very
slo¥ process, When man intervenes and destroys the protective
vegetation, the process is accelerated. The ercsion caused by man's
activities is called accelerated erosion. Geologlic and accelerated
erosion results in a total sediment production of 4 bililon tons in
the U. S. Geologic erosion accounts for about 30k of this total.
Agricul ture, construction, and surface mining are the majuor activities
which cause accelerated erosion, Agriculture produces ~ /% of the
total sediment. Construction, mining, and stream channel erosion
zroduce about 20%.

Public Law 46, 74th Congress, plus state soil and water conser-
vation district laws established 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 powmulation-
growth put new pressures on land resources. The concentration of
activities axound most major citles trought renewed attentlion to
the erosion and sediment problems The Federal Water Quality Act
of 1965 and the Amendments of 1972, PL 92-500, have stimulated
efforts for control.

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

16

El{l\C‘l s

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

_8-

Unit 3. Specific Damages and Costs

Purpose and Significance:

This unit gives you information adout specific damages and the
knovm costs of correcting them. Costs and benefits of control are dis-
cussed. This unit relates closely to the previous unit and includes a

discussion of chaxacteristics of the problem that is pertinent to both
units.

A knowledge of specific damages and costs 1s essentlal in evaluat-
ing alterna*ive 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, improve our abilitles, and stimulate us to carry
out a program for erosion and sedinent control. To quote Aldo leopold,
"No 3important change in human conduct 1is ever accomplished without an
internal change in our intiellectual emphasis, our loyalties, our affec-
tion, and owr convictions." (Ref. 6)

Obyectives:
¥hen you have completed this unit, you will be able to:

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

2. Cite specific dollar costs of sediment polliution 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 recelve ess attention.

Conten*

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

It is estimated that one and a third billion cublc yards of sedi-
ment is deposited in reservoirs each year. (Ref. ?) This represents a
loss in water storage capacity of 270 billion gallons or an apount suf-
ficlent for a city of 5-1/2 million people. One source reports costs
ranging from $.90 to $2.40 per cubic yard for removal of sediment.

(Ref. 8) At a ccnservative estimate of $1.00 per cubic yaxrd, the annual
cost of removal if it were possidle would be 1-1/3 blllion dollars,
Reservolir sites are a scarce resource. Sediment must be controlled to
freserve existing water storage capacity

Sediment clogs stream channels. Reduction in channel capacity
contributes to flooding, interferes with navigation, and may cause 2x-
cessive channel movement. It 1s estimated that the volume of material
excavated annually from streams, estuarles, and harbors exceeds one
half billion yards. (Ref. 9) The Rappahannock River which drains 616
square miles averages 142 tons sediment/square mile or 87,472 tons per
year. (Ref. 5) The sane author, reporting rrmy Corps of Engineers
costs, indicates a 10-year average cost for removal ranging from $0.15
to $1.00 per cublic yard. Thelr average cost for all work in 1962 vas
$0.29 per cubic yard. Applying this flgure to the estimated total
volume of material excavated (500 million tons) gives a total cost of
$145 million dollars per year. If dredged material must be transported
long distances for disposal, the cost can be multiplied several times.
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In addition to the value of lost water supply capacity, there are
other costs associated with sediment in water supply reservoirs. Except
for water supplies used for cooling only, most industrial water supplies
rust 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.
reated about 165 million gallons per day. (Ref. 10) If there had
been no need to treat this water to remove sediment, the estimated
amual savings would have been $20,100, This amounts to a cost of
$0.33/mtllton gallons.

Deposits of sediment in streets, culverts, storm dralns, water-
ways, and flooded properties represent another substartial 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 cudbic yard in California and $62.00 in Virginia.

Sediment causes both iirect and indirect damages to aquatic life,
It may physically damage or kill the organism or damage the habitat
by affecting food supply, spaviling axeas, and so forth. Fish can
tolerate talrly 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. Ritchle reports several types of damages. (Ref. 11)
Reduction of 1light limits photosynthesis and hence food supply. Organic
matter, frequently depositea with sedimeni, 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 sediment have reduced food sup-
plies. The costs associated with these damages are not well quantified.

Figure L, Sediment Avove A Recreation Area

Damages to the soil resource from erosion have recelved consider-
able attentlion n 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 dissatlsfaction with landscaping results on tadly damaged solls.
Gome are dlrect costs of construction such as regrading, removal of
mud, and higher landscaping costs.
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Figure 5. Single Storm Sediment Damage
From An Industrial Site Development

C*her damages include sealing of soll surface and henc. greater
runoff, soil Aeposits on land, loss of esthetic values, and loss of
recreational values of ponds, lakes, and rivers.

Figure 6. Loss of Lsthetlc Values
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The costs of erosion coitrol measures are not well documented.
However, there 1s some information avallable for use in planning con-
trol systems. 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 hrought in $500,000 additional
revenue. One developer repcrted 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 dwelling. Costs of individual practices have teen reportea by
EPA. (Ref. 8) These will be discussed later in the program as in-
dividual measures are discussed but some of their conclusions are per-
tinent here. First, one of the most effective erosion 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-
tained are less, in a great many instances, than the cost of later
removing the silt. W¥hen 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 influence decisions on land use. If costs of
control with an intensive development plan are too high it may be
desirable to go to a less intensive development. This analysis should
help to keep intensity of land development in line with the suitabi-
1ity of the land. Because by law in Virginia an acceptadble level of
erosion and sediment control must be achieveq, it is not relevant to
make a cost-benefit analysis to decide whether 1o control or not to
control erosion. The second consideration requiring analysis is the
costs of alternative measures or combinations of measures which would
give the acceptable level of control. Fortunately, the cost data
avallable seens to favor heavier emphaslis on controllirg erosion at
the source rather than trapping sediment at site boundaries.

One further point relating to this unit and the preceding one
should be discussed. The characteristics of the erosion and sedimen-
tation prodlem are similar to those of other environmental concerns.
They clearly indicate that the concexns that generated the control pro-
gram ~111 see that it 1s continued,

Erosion and resulting sediment Pollutlon is very visidle, and
tends to threaten many people. The blame, not necessarily the cause,
can be placed on a small group. ¥e 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 less
noticeable and more acceptabdle than the higher taxes, which are caused
by the public damages of improper developmeni. Some of the apparent
ambigultlies assoclated with this as with other environmental issues
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are a strength, since everyone wants to improve the quality of the en-
vironment. An "lnaustry” has devloped and is profiting from control of
sediment and other pollutants. Also, lavyers and some other professions
have found it o be a lucrative fileld, A lobby for control has thus
veen formed, Llastly, the present law adds pressure to control sediment,
this and all of the above points seem to indicate that the Program will
be strenythencd rather than forgotten,

Questions:
Test yourself on the materlal in this unit.

1 List six or nore types of damage caused by erosion and/or
sediment,

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

3. Discuss cost-benefit analysis of erosion and sediment con-
trol, #hat two types of analyses would you make?

4, List at least four characteristics of the erosion and sediment
problem that will tend to keop the lssue alive,

Summaxy t

The specific sediment damages include siltation of lakes and re-
servolrs; sediment deposits in streams, rivers, and harbors; and =logg-
ing of culverts, storm sewers, and open waterways., The sediment kills
or greatly reduces the amount of aquatic life, It reduces the useful-
ness of water resources for recreatlion. Water trcatment costs are in-
creased. Eroslon damages may cause consideravle extxra costs to the
developer and nmay permanently damage the land, making it less satis-
factory to the ultlmate user,

The cost of removing sediment from reservoirs ranges from $0.90
to $2.40 per cubic yard. The cust to the Corps of Engineers for remov-
ing sediment from Sireams, estuaries, and harbors averaged $0.29 per
cublc yard in 1962. This does not include transporting dredged material
to suitable disposal sites. wWater treatment costs for Washligton, D.C.,
to remove sediment, were $0.33 per million gallon, or $20,100 per year.
Cleaning sediment from streets cost $6.60 per cubic yard in one Virginla
study. Removing it from tasements 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 should be used in two ways. Firxrst, to determine the best
land use for the area under consideration and second to compare al-
ternatlve vrosion control measures and combinations of measures,
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The ercsion and sediment contrul prodlem will contlnue to receive
emphasis because 1t 1s a4 very visible problem. It affects most people
in some way or another. The blame may be placed on a small group,
Technical solutiuns exist which are economically feasible. Costs can
be passed un to the consumer. Also, "everyone" wants to improve the
environment. An "industry" has developed around erosion and sediment
control and some professions have found it to e a good fleld. The
program seems much more apt to be strengthened rather than forgotten.
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PART II THE EROSION AND SEDIMENTATION PROCESS

Unit 1. The Frosjon Process

Purpose and Significance:

This unit discusses and defines the five typea of soll erosion with
which we are concerned. It names the causatlve agent or agents for each
type. It covers in detail the factors which influence eroaion from the
land surfice so that you will understand the specific effocts of each
factor in the ecrosion procesa. Channsl erosion ia included in the de-
finitlons here, but the dlscussion of the specific factors offecting
1t will be in the third unit of this Part.

An understanding of the typeas of eroasion, of the forces causing
erosion and of other influencing factors 13 basic to understanding how
to develop a control program. Z=roslon is a process. Knowledge of how
it finctions will help you to understand at what stage in the proceas
intervention with contrel practices will be mnst effective, An under-
standing of the forces and factors will help you to lknow what practices
will be moet effective for each situation.

ObJect ives:

1. Define five 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 factora
which determine thelxr effect on erosion.

4. RName 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. Descridbe the process which results in rills and gullies and
indicate the factors responsible.

Content:

In Part 1, we defined erosion as a process of detachment and irans-
portation of soll materlals by erosive agents. Thls emphusizes the pro-
cess nature of erosion. First, solil particles are torn lcose from the
soil mass, This makes them avallable 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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Ve also mentioned in Part I that we are primarily interested in
erosion caused by water. It will help us to understand the erosion
process by watex if we think . the detaching capacity of the erosive
agents and their transporting capacity as separate variadles. Soil
materials also vary in detachabdility and transportadility. Each of
the factors discussed will bave a hearing on detachment and/or transport
of soil matexials.

It w111 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. Tty force
of falling rain is applied vertically. The force of flowing water is
applied horizontally. They both perform work in detaching and moving
soll particles, tt 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 ther into the
alr. These detached particles are then vulnerable to the next type
of erosion,

Sheet ergsion is the erosion caused by shallow sheets of wmater
as 1t runs off of the ‘and, These very shallow moving sheets of water
are seldom the detaching agent, Wt the flow transports soil particles
vhich are detached by raindrop lmpact and splash. The shallow sur-
face flow rarely moves as a uniform sheet for more tnan a few feet
on land surfaces bvefore concentrating in the surface irregularitles.

Rill erosion is the erosion which develops as the shallow sur-
face flow begins to corcentrate in the low spots of the irregular con-
formation of the surface. As the floWw changes from the shallow sheet
flow to deeper flow in these low areas, the velocity of flov and tur-

-— lence of flow increase. The energy of this concentrated flow is
able to both detach and transport soll materials. This actlion begina
to cut tiny channels of 1ts own. Rills are small but well defined
channels which are at the most only a few inches deep. They are
easlly obliterated by harrowing or other surface treatments, and have
no more than 1 square foot cross sectlon.

Gully eroslon occurs as the flow in rills comes together in
larger 21d 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 speclal techniques for stabilization.

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

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

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

We will first discuss climate since it is the source of the major
erosive agent in the erosion process. When 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 ihe effect of rain-
drops and the effects of runoff.

Raindrop erosion is the first step in the erosion process. The
action of falllng 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 ourface., Neutralizing these two effects ls 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-
ing wet soil. The drop of water is a sphere, about 1/8 inch in dlameter.
It travels at the rate of about 30 feet per second ¥hen 1t strikes the
soil. The force pushes the wet earth outward in all directions ard
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-SC3
photo by Naval Research, Bureau Yards & Docks, November 1949)

How can rainfall be responsible for so much damage? Observation of
a hard rain on are soil would confirm its destructive power. The drops
hit the surface like tiny bombds, They shatter soil granules and splash
the detached materlal Yack and forth. Splashed particles may be moved
more than two feet high and five feet horizontally. On level land, this
is self-canceling. On sloping land, the net movement 1s downhill. On
a 10% slope, 75% of the soil movement i downslope. More than 100 tons
of soll 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 intensity
of rainfall, raindrop dlameter, and ralndxop velocity.

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

Raindrop velocity 1s tied very closely to drop size. Fine mist
with droplets about 1/100 inch in dlameter 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 falllng as large drops
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in a hard thunderstorm has many times more erosive capaclity than an inch
falling as fine drizzle over a longer periocd of time, The actual force
(kinetic energy) of raindrop impact in a haxrd summer storm may be 2 or
3 hundred times the force of the surface runoff, even on steep slopes.

The effects of splash erosion are easy to see in nature. Splashed
soil particles can be seen clinging to the foundatlon of buildings
which are adjacent to bare soil. Particles can be seen on stems 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 rainfall is iis distridbution. The
most ercsive rains are not Scattered evenly thrcughout the year. In
Virginia, they are concentrated in the months of June thiough September.
Unfortiunately, these periods of most erosive ralns colnctae with the
most active part of the construction secason.

Table 1 indicates some significant differences between storms
occurrin# durlng the spring and summer and those occurring in the
fall and ¥inter.
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Table 1. Precipitation Characteristics by Seasons

Characteristic Sept. Through April May Through August
Forn Rain and snow Rain
Intensity Low High
Drop Size Small large
Durxation of Storm Long Short
Area of Storm large | Small
i _

S50 far we have concentrated on the force of falling rain and its
capacity to detach and move soil materiml. The second damaging effect
is the compacting, puddling, and sealing of the soil surface, As
mentioned before, large drops strike with tiemendous impact, compacting
the soil under the point of impact. Repeated strikes churn th» sux
face into a2 slurry. As this semi-fluid mass attempts to infilirate
into the sodl 1t 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 cempact the material until an almost complete
seal 1s formed. Even on coarse sands this action reduces the intake
of water,

This btrings us to the second damaging aspect of rainfall -- run-
off. Runoff 1s the second erosive agent. It begins when the rate of
rainfall exceeds ihe intake capacity of the soil. When a hard rain-
fall is unimpeded as 1i strikes the soll, 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 it has no kinetic
energy. It derives energy from its movement as 1t beings to run down-
slope. The amount of runoff depends on two things, the amount and
intensity of the rainfall, and the nature of the soll or intervening
surface that it falls on, Runcff at first takes the form of a layer
of water flowlng more or less uniformly over the ground. Depth of this
flow is usually very shallow. Runoff from bare plots 116.7 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-
ci*y of raindrops and the transporting capaclty of sheet-flow runoff
is sheet erosion. The effects of this type of erosion occur on all the
land surface except in riils and gullies. Because it removes soil in
thin layers from 95% or more of the land surface, i1t 1s difficult ‘o
observe even though the total soil losses may be tremendous.

Under normal field conditions, runoff occurs both as sheet flo%
and channelized flow. As water moves downslope, it tends to follow
the path of least resistance. lhe flow begins to concen rate in the
depressicns and lrregularities of the land surface. This ‘¢ the begin-
ning of ~hannelized flow. As th. amount of water in these channels in-
creases, the velocity and turcilence also increases. As the runoff
concenirates first in tiny channels then combining into larger and
larger ones, 1t galns the force to (»th detach and transport soil
material. The erosive capacity of lowing water derlves from its
veloclty, turbtulence, nd the amouit and type of atrasive matrrial
that 1t carries. The .c¢locity vaiies with the depth ur volume of
flow, the roughness of the channel, and the slope gradient. As the
length of slope lncreases, the depth and hence the velocity also in-
creases.

Figure 9. Rill and Gully Erosion

Detachment by fl.wing water 1s confined primarily to the areas of
concentrated flow (ril's and gullles). The detachment of soil particles
is by rolling, 11fting, and atrasive actlions. The force is horizontal,
in the direction of flow. The forces of 1 ow detach some 501l 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 1ifts soil particles from thelir 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
atrasiveness of the particles in the flow will influence the amount

of soll detached by atwasion.

The same factors that determine detaching capaci’. act to determine
the transporting capacity. As mentioned before, sheet flow has very
little detaching capacity. It is effective in transporting soil materlals
because ralndrop impact keeps the material in suspension. It has been
observed 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) 1y this case, the velocity and turbulence of flow alone were
not encugh to keep the materlal in suspension. The material detached
by raindrops and transpurted by sheet flow is the finer textured soil
mater lal,

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 1ift and
move them by jumps, TFarticles travel in suspension when the upward
velocities of turbulent flow exceed the settling velocities of the
soil material. 1In general, the larger particles are moved by surface
creep and saltation while smallexr 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. Ralnfall
on partially frozen soil can cause 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. 3)

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. Goil differences may causc more than a tenfold difference
in erosion rates, The difference in erosion rate which is due to the
poperties of the soil itself is called the soil erodibility. (Ref. 3)

The solil properties 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 »ater will move through
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the soil (permeability), (3) the total water capacity, (&) factors af-
fecting detachment by raindrop impact and detachment by rolling, 1lift-
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 Soll Loss Equation. The important properties are:
(1) particle size and gradation; (2) percent of organic matter; (3)
soil structure; and (lﬁrsoil permeability There are several additional
Properties which influence soil erodibility, but the above account for
the about 85% of the variance in observed soil loss.

Wischmelier and others have shown a very good correlation between
erodibility and an index derived from five soil parameters. (Ref. &)
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 sizes in various soil classi-
fication systems. Erodibility tends to increase with greater silt
(.002 to .05 mn.m.) and very fine sand (.05 to 0.1 m,m.) content and to
decrsase with greater sand (0.1 to 2.0 m.m.), clay (< .002 m.n.), and
organic matter content. Soils with a high clay content are generally
moYe resistant to detachment, although once detached, the clay particles
are easily trunsported. 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 type are the important structure properties. wischmeler
uses four structure codes to obtain an erodibility index. <Tode 1, very
fine granular structure, 1S the least erodible; followed by code 2,
fine granular; then code 3, medium or coarse granulaxr; to he most
erodible, code &, blocky, platy, or massive structure.

Permeablility must reflect the permeability of the whole soil pro-
file. In undisturbed soils, the limiting layer is usually below the
surface, In fragipan soils (soils with a natural subsurface horizon
which 1s very dense and very slowly permeable to vater), 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 llttle effect on erodibility
except in very large storms.

The soil properties will be discussed further in the unit on soil
loss prediction. The K factor of the Universal Soil loss Zquation is
the index of erodibility.

In the two factors discussed thus far, we have covered the causes

of erosiu. ™ water., We have been concerned ¥ith tne power of the rain
to erode and the roslstance or susceptibility of the soil to erosion
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Figure 10 Soil Classification Systems
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The remaining two factors function te wmodily t*he effects of the inter-
action of rain and soil.

The most importanti effects of topography are the results of length
or steepness of slope. Slope shape ind 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 watervay or the
point where deposition may oc.ur hecause of a decreasc in slope gradient.
The 10{18@1- the slope, the greater ‘he depth of runoff. There is a
build-up in depth of flow and hence in velocity. Research has shown
the soll loss per unit area is proportlonal to some power of slope
length (E oc M), (Ret. 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. There is
more splash downhill on steep slopes. The velocity of flow increases
with slope steepness, and there is mcre runoff on steep slopes, Wis- 2
chmeiler concluded that soil loss is proportional to: L . 30s0,43s

where s is the gradient expressed a5 percent slope. .613

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

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 tre effect were calculated
on the basis of an average grade.

Direction of slope has an indirect effect simply because of the
effect which 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 is perhaps the most important facter 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) 1llustrates the dramatic reduction in soil erosion
that can be odbtained when the soll 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. 1Ina ten-year period, the soil loss from the bare plot was more
than 100 times that on the screen covered plot. The loss on the
covered plot ¥as only 3.8 tons per acre for the ten-year period.
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Vegetatlon of the right type and density can provide the same
protection as the fine wire screen. Erosion takes Place on the scil
that 1s exposed to the unimpeded impact of falling rain. The amount
of ercsion depends on how much of the land surface is left exposed
to this force. Hudson 1llustrated this by experiments with corn
grown at two populations:

plants/acre 9,000 14,500

% ground exposed LOo% 10%

Soil loss over a ten-year period was four times as much on the
9,000 plants per acre plot as on the 14,500 plants/acre plot. In
the above study, the amount of soil exposed was measured {rom
photographs taken vertically down on the plots.

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

It 15 obvious from the results of the wirc screen covered plots
that there are other ways of providiag effcctive cover besides
vegetation. In fact, if erosion Is 'o be controlled Juring the
establishment period of new seedings, spriggings, or plantings,
some type of surfacn protection must be provided. The U, %, 5011
Conservation Hervice indicates the effectiveness of several ground
covers in preventing crosion. { See Table 2.)
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Filgure 11. Effectiveness Of Vegetatlon In Preventing Splash Erosion
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Table O, Effectiveness Of Varlous fround
Covers In Preventing Soil loss

501l Loss Reduction As Related To
Kinds of Ground Cover Bare Soi) Surface
Percent Reduction

Mull, established stands of:

PYermanent Zrasses 99
Perennial ryegrass 95
Annual ryegrass 90
Small grain 95
Millet or sudan grass 95
Fleld lwomegrass 04
Grass sod (permanent specles) 99

Mulches: (Anchored)

Hay @ © tons/acre a8
Small #min straw @ 2 tons/acre 98

values for woodchips, woodcellulnse flbder, fiderglass, asphalt
emulsion, and similar materials have not been established. However,
thegse should be at least 0% effective when used at the fullowlng ratest

¥oodchips @ 6 tons/acre

Woold cellulose fiter @ 1-3/4 tons/acre
Fiterglass @ 1/2 ton/acre

Asphalt emulsion & 1250 gallons/acre

The discussion thus tar has emphaslized the tremendous reduction in
sroslion on well vegetated or mulched areas, Vegetation not only pre-
vents splash erusiun, but also prevents puddling and seallng of the soll
surface., The effecte of a gouod vegetatlve cover or mulch un runoff are
equally spectacular. Stall ings reported on experiments comparing in-
filtration on vegetated,mulched, and bare plots. (Ref. 7) In these
studles on several different soll types, the Protected plots maintalned
a high water intake ra*e and practically no soil loss even at sustalned
high rates of rain. Infiltration rates on tare soll plots dropped
raplidly and leveled sut at very low rates. This effect was significant
even on an area of dune sand,

Jtudles on grassland confirmed the value of vegetatlon for increas-

ing water intake. (Hef. 8) wWater intake results are summarized in
Table 3.
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Table 3. Rates o! Water Intake On Plots With
Yarying Amounts of Vegetative Cover

Alr Dry
Material Dead Plant Rate Of Water Intake Total
Yegetation Litter _ 1st 30 min. 2nd 30 min. Intake

Pounds/Acre) (Inches/Hour) (Inches)

Heavily grazed plot 727 w2 1.81 1.16 1.48
Moderately grazed plot 1,574 1,792 2,78 2.15 2.0
Ungrazed plot 2,20h 4,151 4,27 4.27 4.27

In this study, multiplo regreasicn anzlyslic indicated that total
vegctalion and dead plant litter accounted for 88K of the difference in
water intake.

One further value of ve: ‘*ation is itas effect on runoff velocity.
Certain types -7 vege*=t}l .. 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 cha nels reveal that the vegetation remains
up in the flow, whipping back and forth. The severity of the whipping
‘s a function of veloclity, depth of flow, roughness of the bed, and
velocity distridution from surface to bed. Vege* ‘ion with a dense uni-
form growth near the soil surface and a strong f'urous root system is
nost effective in reducling erosion. Good uniform stands of Bermuda
grass, Kentucky bluegrass, or tall fescue meet these requirements, All
three are sod-forming and have a high percentage of btasal leaves (loavea
orlginating near the soil surface). They will provide good surface
cover even after mowing and with good management will retain thelr
density indefinitely.

Roots have important influences on both erosion and water intake.
Thelir primary effect is through improvement of soil structure and
organic matter content. Roots are not in a position to shield the
s0il from raindrop impact or to hold solil agdinst the detaching force
of runoff unless erosion has already progressed far enough to place
them on the surface. They may provide some proutection against the mud
flows which occur on tnawed saturated surface layers above frozen soil,

T™e € value in the Universal Soil Loss Equation reflects the vegeta-
tive or surface cover rule in eruvsiun and the managment of the vegetation.

This completes the detalled discussion of the erosion process. An
understanding of the material covered in this unit is tasic for develop-
ment of erosion and sediment control systems,

Tes‘t yourself by answering the following questions:
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1. Define the five types of erosion and name tl.e erosive agent(s)
for each type,

2, What are the major faciors affecting erosion and what particular
characteristics detexmine their effect? List factors and indicate
characteristics for each,

3. What factors determine the vclume of runoff from a site?

4. What factors determine the volocity of runoff in overiand flow?

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

Summary:

Raindrop erosion 1is the first effect of rain on the snil, The
erosive agent is the vertically applied force of fdllln% raindxops.

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 1S the Secondary agent.

Q111 erosion is the erosion which develops as the shallow surface
flow gathers in surfuce Irregularities. Tiny channels erode as the
flowing water gains enough velocity and turbulence to dislod,e and trans-
port soil material,

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

Channe  rosion 18 the cutting of tanks and/or beds of ditches and
streans,

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

Rainfall is the most Ainportant aspect of climate affecting soil
erosion. The total kinetic energy of the storm and its intensity de-
termine 1ts 2rosive effect.

S011s differ in erodibility other factors being equal. The lmpor-
tant characteristics aro particle size gradation, organic matter content,
type of soil structure, and permeabllity.

Two major characteristics of topography affect erosion. The length
of <lope determines the amount of water added as the flow proceeds down-
h1ll and »¢ intluences velocity by increasing depth of flow. The slope
gradient increases the velocity of flow, There 1is 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 »e less.

Vegetatlon reduces the effects of raindrop impact by absorbing the
force before it can act on the sotl. 7This prevents the detachment of
soil particles and the sealing of the s0il surface.

The volume of runoff from a site i Jletermined by the amount f
rain on it less that which soaks into the ground or is held in surtace
depressions and on leaves and stems. Goll infiltration and percolation
rates and the effect of vegetation on infiltration determine the water
intake,

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

Rills and gullles are caused by channelized flow. Runoff begins
as a very thin sheet of flow all over the soil suriace 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
first tiny rills, these joln to form branches representing larger rills
which join to form larger limbs like gullies until all is converged
into e trunk or main channel. The rills result from the scouring
actlon where the flow and velocity are enough to deildach and transport
35011 material.
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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-
mert control requires a knowledge of the factors that cause soll 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 w111 prepare you to answer such questlions as, "Just how erodible
will the subsoil at this site be if exposed by grading®" or "How will
erodibility differ at different depths of cut?'; "Where are the most
hazardous areas?'; "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 bilds 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 gradlent of slope and of vegetation in the erosion
process. It will help you to understand the interrelationships between
these factors.

Objectives:
¥hen you have completed this unit, you will be able to.
1. Write the Universal Soll Loss Equatlon.

2. Name and explalin each equatlion 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 perlod under various cover conditions.

Contentt

The Yasic references that you will need for this unit are the con-

tent which follows ani ja a in Appendix B which was iaken from Predict-

ing Soll Losses in Yirginia, U.5. Soil Conservation Sexrvice, Richmond,
Va., 1975.

The development of equations for estimating soil loss began in the
ecarly 19%40's. Forerunners of the present equation proved their value
as tools in conservation planning. These early equatlions had some short-
comings, particularly when attempting to use them in parts of the country
vther than where they were develeped The present equatlon was developed
in the 1950's, Data fror erosion control research obtained since the
ecarly 1930°'s was asscembleld and analyzed at the UoDA Soil Loss Data Center
at Purdue University. The result is called, "The Universal Soll Loss
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Equation.” (Ref. 3) This equation is used to predict sheet and rill
erosion.

The Soil Loss Fquation ist A = RKLSCP, wheret
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 specific rain. When other factors are con-
stant, storm losses from rainfall are directly proportional
to the product of the total kinetic energy of the storm times
i1ts maximum 30-minute intensity.

K, the s0il erodibility factor, is the erosion rate per unit of
erosion irdex 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 ratlo of soll loss from the
field slope length to that from the 72.6 foot plot.

%)

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 btare fallow condition. This
factor reasures the combined effect of all the interrelated
cover and management variables plus the growth stage and
vegetal cover at the time of raln,

the crosion control practice factor is the ratio of soil
loss with the practice to that from a fleld with no
practices.

3011 erosion by water is influenced by many varlables, as you know
from the previous unit. The s0il lo.. equation isolates each variabdle
and expresses i1ts effect as a number. When the numbers for each variabdle
are multiplied together, the product is the amount of soll loss. 1In
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 specific kind of soil with elther
a bare surface or some type of vegetation and/or mulch cover on the
surface. These numerical values are readlly avallable for ihe soils,
slope, rainfall, and vegetatlve conditions you will encounter in Vir-
ginia. The 2quation estimates sheet and rill erosion. It does not
consider soll losses caused by gully erosion.

R, the rainfall facior was reported by Wischmeler 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 1s assoctated with only a few rare
storms. The results of more than 30 years of measurements show that
annual so0il loss 1s the result of the cumulative effects of many
modexate sized storms plus the el fects of the occasional severe
storms.

Research data show that when other factors are held constani, the
soll losses per storm are directly proportional to the product of the
total kinetic energy of the storm times its maximum 30-miuute intensity
(Erosion Index - EI%. This erosion index reflects the combined ability
of raindrop impact to disledge soil particles and of runcff to trans-
port the dislodged particles from the fleld. The term 30-minute inten-
sity means the intensity of the 30-minute perliod with the greatest
average intensity of a storm. It can easily be obtained from a record-
ing raingage. It 1s in inches per hour. The energy of a storm can be
computed from data cn a recording raingage cheri and tables of rainfall
enervy.

The usual R factor 1s the average annual value of the erosion index.
Appendix B, page B-7, indicates R value probtabilitles for R values
that might occur one year in five, and one year in twenty. Although
R is the average annual va.uec, data is available so that the erosion
index for any part of the year can be determined., Appendix B, page
B-7, alsc fives the percentages of the ammual R which occur in each
month,

The so0il erodibility factor X for a particular soil is the rate
of soil loss Iin tons per acre for one unit of erosion index from
standard plot. Standard plots are 72.6 feet long and 6 feet wide.
The X value 1s the only quantitative value in the equation. The
first X values were determined for <23 major soils on which plot
studles were conducted. X values for most other solls were estimated
by comparing thelr characteristics with those of the 23 soils on
which X had been established. In 1971, Wischmeler presented a nomo-
graph for the deternination of XK. (Ref. &) This was referred to in
the previous unit when describing the soll propertlies which influence
erodibility. The K values for Virginia soils are glven in Appendix
B, mages 3-8 to B-26 for named soils. For determining X on other
soil materlals the nomosgraph, Figure 12 1s used.

To use the nomograph, you will need the following data: (1)
% s1lt + very fine sand (.002 to 0.1 m.m.); (2) % sand (0.1 to 2.0 m.m.);
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Figure 12. Soil Erodibility Nomograph
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(3) % organic matter; (4) type of soil structure * (Code 1-very fine
granular, Code 2-fine granular, code J-medium or coarse granular, and

* Structure is the arxrangement of the primary soil particles into lumps,
granules, or other asurera‘e.. The structure is often descrided as weak,
moderate, or strong to express the durability of the aggregates, but
this characteristic iu 7ot representied in the nomograph. The size of
the aggrerates are described as very fine, fine, medium, coarse, and
very coarse. Aggregate shape is described as granular, platy, or blocky,
Structure-less soils, in which ithe particles arc coherent, are de-
scribed as massive.
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Code U-blocky, Platy, or massive); and (5) permeadbility {(l-rapid, 2-
moderate to rapid, 3-moderate, L-slow to moderate, S-slow, 6-vexy slow).
Refer tack to Figure 10 for chart of texture sizes in various soil
classification systenms.

The five parameters used in the nomograph can be obtained from

routine laboratory detemninations and standard soil profile descriptions.
If you axre using USDA 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. 1If the structure is fine granular
and the permeability moderate, the X 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 downwerd to the
approfriate permeability curve, then horitontally 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 Jecrease enough to
cause deposition or to a point where the runoff enters a wzll defined
channel. The slope gradient 1s in feet fall per hundred feet (percent).
In the equation, length L and slope S are handled as one factor, LS,

It can be obtalned 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 Abtney 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 i1s the expected ratio of soil loss per
unit area on the “leld 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 example:

For a site location in Rockingham County R = 150 (Appendix B, p. B-6)
Scil is Duffield, surface horizon, from Appendix B, p. B-14;

K = .32. The slope is 200 feet long and 10% gradient, from Appen-
dix B, Table 1, page B-1, LS = 1.94

For btare soil C and P are unity.
A = RX(LS)

=150 x .32 x 1.9
A = 93,12 tons per acre

Assume that this same area was goling to be bvare 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 29%, and August 17%; or 62% for the three months.
Sixty-two % of 150 = 93,

A =93 x .32 x 1.9
~ 57.7 tons per acre (Note: This is the most erosive
period of the year.)

In the second example above, if mulch at 2 tons straw per acre 1s to
be applied to the area and anchored immediately after the vegetation s
removed, the losses would be:

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

Erosicn can be estimated in the same manner as above when surface
conditions will change during the time perlod you are dealing with. If
an area 1s to be tare one month before seeding and mulching, calculate
the soil loss using RK (LS) only. The R value must be calculated by
taking the percentage of total R which cccurs in tha. month f{rom Appen-
dix B, page B-7. For example, 1f August 1s the month, 17% of 150 =
25.5 = R for August. The R for the remalning time perliod that you are
concerned with must be obtained in the same way, and the C factor for
mulch 1s obtained from Appendix B, page B-95, Tadle 2d.

¥hen conservatlon practlces, such as diverslons or interceptor
dikes are used, they simply alter ine slope length. The C values for
mulches, given in Table 2d. of Appendix B, should be used on slopes
below 108. There 1s evidence which indicates that higher C values
should e used on slopes above 10% grade. Also, as slope length in-
crease abtove a certa’n maximum level, the C value rises rapldly. Tenta-
tive values of C proposed by ¥ischmeler arc given in Table &4,

The equa 1on wWill have many uses in cvaluating the erosion hazards
on construction sites. If X values are needed for soll material be-
low the iepths glven in Appendix V, they can be easlly determined by
a soils technician from /i-inch diameter soll cores taken at the site.
The K can be obtalned, using the nomograph. Having thls information,
it may be possible to adjust planned depths of cuts to terminate
elther above ur below highly erodlble layers. The relative advantages
of slope shapes may b determined by erodibllity of the exposed
material. Dec.slon on whether ‘opsolling Is needed may rest on

48



40

Table 4. Tentative Values Of C For
Yarious Mulches And Slope Conditions

Ma x {num
Mulch Ton Slope C value Slope Length
Tons/Ac. % Ft.
Type

1. None 0 All 1 -—
2. Straw or Hay , 1.5 3-5 .12 300
tied down by anchor- 6-10 12 150

ing or tracking equip-
ment across slope 2.0 3-5 .06 400
6-10 .06 200
11-15 .07 150
16-20 W11 100
21-25 B 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

U 1f straw is not anchored, rilling may occur beneath it. In such a
case, C values should bde doubled.

2/ As lengths are increased beyond these limits, the C value would
rise rapidly .nd apuroach a value of 1. This would greatly in-
crease the predictey loss.

erodibll ity of the exposed layer.

Check your grasp of the Universal 301l Louss Equation by answering
the following questions:

1, Write the Universal Soil Loss Equation.
2, Name and explain each factor in the equation.
3. Determine the soil loss for sach of the folleowling situations:

a, A ten-acre constructlon site in Loudoun County is to be
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gxraded March 1, and will be under construction one year, The soil type
is Glenelg., The slope is 10% and the slope length is 350 feet. Grad-
ing will not exceed 2 feet in depth. What is the estimated total soil
loss from sheet and rill erosion if left bare the whole year?

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

Cc. What would the soil loss be if 1/2 the area were graded
3 feet deep and the whole area remained btare?

Summarys

The Universal Soil Loss Equation is A~ RXK L S C P,

A 1is the soil loss in tcns 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 & measure of the erosion force
of a specific rainfall.

K is the gsoil erodibility factor. It is the erosion rate in tons
per acxe for each unit of the erosion index (R) for a specific soil in
cultivated continuous fallow on a 9 percent slope ?2.6 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.

3 is the slope gradient factor., It is the ratio of soil loss
fror field gradient to that from a 9 percent slope.

C, the cropping-management factor, is the ratio of soil loss with
specified cropping or vegetatlion and management to that from continuous
fa:ilow.

P is the erosion control practice factor. It is a ratio of soil
loss with a specified practice to that from stralght-row cultivation
up and down slope,

The soil loss from a ten-acre site left bare from March 1 for a
full year would be: (C and P are unity)

A =R X (L3) 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 1

A =R X (L8) C for March and April
R for March and April is 10 percent of annual or 15

A =15 % ,32x 2.55 x 10 = 122.4 tons
r~
00
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For May through Felmuary:

A-RX (LS) C

vhere R is for May through February » 135
where C is 05

A= 135 x .32 x 2.55 x .05 x 10 = 55.08 tcns
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, ard 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
- 143 tons.

These prodlems illustrate the versatil ity of the equaticn. In
actual practice, in part two of the problem, the C factor for May
through Felruary would be slightly lower, The 0.05 would prevall
wvhile the 2.0 tons of tied down mulch »as the sole protection.
Vegetation woull begin to improve the cover after the first month
so that a C of about 0.02 woulld be applicable -- probably in about
two months.
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Unit 3 Channel Eroslion and Storm Water Management

Purpose and Significance:

This unit covers some aspocts of channel orosivn, and some of the
effects of urtanization on channels. These effects are described and
i1llustrated,

A knowledge and an apprecliation of the factors affecting stream
channel o1, lon and of how urbanization influences runoff is essentlal
in making a reasoned response to the storm water management require-
ments In the Virginla Erosion and Sediment Control Program. This unit
deals with the general changes that occur with urbanization. It dis-
cusses the directlion of these changes, Methodvlogy for determining
the magnitude of these changes will be covered in Part III.

Obyectives:

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

2. List the flow characteristics which cause channel erosion.
3. Refer to the factors which affect volume of runoff (Objectives

under Erosion Process) and explain how runoff volume changes might
affect channel erosion,

4, List the factors which determine velocity of runoff in
channel tzed flow.

5. List factors which determine turbulence of flow.

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

Content:

This unit is concerned with the erosion and sedimentation which
occur, in the well defined permanent watercourses both on the develop-
rent site and »ff site,

Some of the most damaging channel erosion is caused bty the con-
struction activities. In the relatively stable small streams, the
upper portion of the tanks become liirly well vegetated. This vegeta-
tion protects the banks from flows which are higher than the normal
flow. Vegetatlon along the floodplain also provides protection. It
protects by slowlng the runoff which comes from the adjacent land and
s5pills over thr anks and into the stream, Careless construction
activities may iestroy the bank ani! floadplain vegetation and leaws
the tanks vulneratle to ernsion. fencral construction trafffic may
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cause damage if allowed too near the tanks., Careless grading, unpro-
tected stream crossings, and other actlivitles which destroy the vegsta-
tion on and near the btanks will lead to eroslion damages. Also,
temporary construction roads or other works may concentrate runoff,
Wwinging 1t into the stream in such a way as to cause erosion.

The changes which usually occur after urbanization are described
by Guy. {(Ref. 10) Urbdan construction 1s usually followed by a —_—
period of rapld channel erosion Lf no control measuxes are installed,
Channels, which prior to development were relatively stadle, have
been observed to completely unravel during the first few yoars after
development. It 18 the tremendous potential for damage, the cauaes,
and possitle cures that will be examined.

Channel erosion was defined in the unit on the eroslon process.
It 1s essentially the same process that occurs in rills and gullles.
Flowlng water 18 both the detaching and transporting agent. The de-
taching capaclty of the flowing water 1s determined by 1ts velocity,
turbulence, and by the amount and type of atrasive material that it
carries. If the flow is already carrying sediment up to its total
capacity, 1t will not be able to detach and carry more {rom the par-
ticular reach of channel under consideration. Since urtan develop-
ment 18 usually followed by a period of rapid strear or channel ero-
sion, some of the above factors presumably are changed by urbteanizatlon.

Figure 13. Urlanization Has Typlcally Provided
For'Rapid Conveyance Of Storm Drainage L

(This structure will handle »ater safely on this
site, but may cause hlgher and more hazardous
peak flows downstream.
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Leopold discusses the relationships between land uscs and stream
chamnel (haracteristics, (Ref, 11) He points out that stream channels
form in response to the revimen, or characteristlc behavior, of the
flow, The two principal factors guverning changes in the characteris-
tic behavior of the flow are the percentage of the area made imper-
vious by urtanization and the changes Ywrought about in conveyance of
water from the developed area tnruvugh provisions fur storm drainage.,
Urvanization greatly increases the impervious area, and 1t usually
provides for rapld conveyance of storm runoff to the point of disposal,
These changes influence the numdber of times that the normal flow rises
in response to runcft, They influence the peak discharge and discharge
duration from these events, and they may change the amount of sediment
carried by the rises in flow,

The volume of runoff 1s related to types of cever, land slope,
and infiltration capacity of the soil, Volume 1s directly related to
the percentage of the arwa covered by impervious materlal such as
streets, parking lots, and roofs. Leopold summarizes some data on
the relatlonshliyp tetween lot slze and percentage of impervious area
for reslidential arecas:

Lot 3z~ Impervious ourface Azea
5q. Ft.) %

6,000 0o
6,019-15, 200 40
15,700 25

The per i 1 0 ! Impervious area may drop velow 8 percent for
jevelopments of .-3cre lot size,

The dncrrased volume of runoft which results from various per-
centages of rpervious area obviously auvsto inreases in floud peaks.
Typlcal difterences detween runoff from an areca before ani aftex
urtanization, is presented graphically in Froore 14,

It was mentioned earlier that stream channels change in slze in
response to *he chara  ro 'y whavior of the flows, Gtudles have
shown that they cut and maintain ¢hannels which cariy a Jdischarge
slightly smallrr than thr average annuwal flood without over{lowing
the anka, The recurrence interval of this hankfull flow in most
rivers 15 metween 12170 o years,  oiroe urtanizatlion tends to in-
crease fluod petential “rom ot aff oted oarca, the recurrence inter-
val of bankiull floWs will te mare ften than 1-1/0 to [ years,

Le opold s stimatetr Lha* o0 peroont © 4 ane sguare mile dralnage area
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Figure 14, Hypothetlcal Unit Hydrosraphs,,
Retfore And After Urbanization

——  After Urbanization

€

fefore Urbanization

feet per second

DISCHARS

cabic

TIME, 1. HOURS

‘
sewered, ani J0 porcent impervious cover, tankfull stage would then
scour about two thues a vear.,  With 50 percent sewered and 50 percent
impervious, 1t would b nearly four times a yrar. Flgure 15
{1lustrates *hese chamed.
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Figure 15. Increase in number of flows per year equal to or exceeding
original channel capacity (one square mile irainare area),
asv ratio tu number of uvvertank flows before urbenization
for iifferent degrees of urbanization., (From: U. S,
Geologic Survey Circ. S%+)
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The increased number of bankfull flows and nearly ankfull flows
cause the orisinal channel to erode., It will continue 1o adjust to
the changes untll a channel that will handle the new average annal
flood is formed. Leopold itllustrates this using a slightly le.. than

Square mile dralnage baslr i the Brandywine River Watershea in

rennsylvania,  Refore urbanization, a channel carrying 5% ci- at ank-
full staye woull handle the average annual flow, Urbanization could
cause this flow to increase .7 times or 150 cfs. The channel would
adjust in beeoping with the new f1,w characteristics.

Before After

3o~ of Channel ¢ 1. deep, 11 ft, wide 3 ft, denp, 20 £, wige
Velocity 2.5 £ /sec, 2.5 ft./sec,
Capaclity A 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 chcnnels takes place because of the increase in
the number and sizc of high flows. Velocity is higher for these flows
than for pre-urbanization flows, and since turbulence increases with
increased veloclty, It is also higher. The channel adjusts in size
until the number of these erosive events 1s about the same as before
urbanization.

In addition to the devastating erosion and sediment problem, there
arc other damaging aspects to thls channel enlargement, The increase
in direct runoff and decrease in infiitration mean less ground-water
recharge to sustain low flows between the rainfall periods. This mal-
ad justment causes a very unsightly channel during low flows. Erosion
has denuded the banks,and the bed is apt to be muddy and full of
debrls. The effect on aquatic life is to decrease numbers and varlety.

All of thesec 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
conirolled relrase to maintaln the pre-wrbanization flow characteris-
tics as much as possible.

Practices which increase infiltration are: the use of swales
along streets for water disposal instead of Paved gutters and curds;
the use of clustcr development, planned unit development, and other
arrangemern's which provide the planned number of housing units with
& minimum of rooftops and paved areas; and the use of pervious pav-
ing materlals. Both underground and surface storage facilitles of
various types can be used to store excess runoff. Relecase facilltles
could control the flow to keep it to the level which prevalled before
development.

Read pages 1-1 to 1-4 of Appendix C, USDA, Soll Conservation Sexrvice
Technical Release No. 55. Then test your grasp of this unit with
the questlions bzlow.
Questions:

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

2. Name thr flow characteristics which cause channel erosion.

3. Explain how changes in the volume of runoff might affect
channel ecrosion.

L. Name ihe factors which affect velocity of runoff in channellzed
flow,
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5. List the factors which determine turbulence of flow.

/., Explain how urlanization affects volume and velocity of
flow in channels,

Summaxy

Construction activities which destroy streambank and ad)acent
vegetation or btrinyg in concentrated flows at unprotected points will
cause Stream channel erosion. Lncontrolled trafflic, careless grading,
the use of unprotected crossings, and other activities which destroy
vegetation are examples of these destructive construction practices.

The flow characteristiecs 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 fronm urtanized areas
causes higher peak flows in the channels and hence higher veloclity.
Since 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 alsc
more often during the year.

Depth of ilow, gradient, and roughness of the channel bed and
banks determine velocity of the flow. The depth of flow is the main
factor which 1s increased by Jdevelopment in the watershed. If the
channel is realigned or smoothed during development then the grade
and roughness may be affected. OStralghtening the cnannel would in-
crease the grade and hence the velocity and smoothing would reduce
the roughness or retariance and thereby increase the veloclity,

Turbulence increases with velociiy and with increased rough-
ness in the channel,

Urtanization increases the volume of runoff by covering part of
the watershed with impervious strects, roofs, and parking areas.
Gutters and storm sewers hurry the runoff to the channel. The chief
reason frr increased volume 1s the impervious cover. Velncity i-
higher in the flnws of increased depth, and 1t will also increase if
the runoff 1s flovw.ng 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, txansport, yleld, and
deposition of sediment. Transporting capacity will be related to
characteristics of the materjal trensported 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 1s 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,

Objgectivess

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 in the flow, as
material bounced along the bed and as mater 1al which slides and rolls
along the bed. As one would suspect, the suspended load 1s mace up
of the very fine materjals, Clay and collolds are generally evenly
distributed throughout the flow. Silts are more or less evenly dis-
tributed in turbulent flow, but have a tendency to be moXe concentrated
near the bottom. Oands and larger material bounce, roll, and slide
along the bed, These are referred to as the ded load.

The nature of the sediment 1s primarily determined Yy the source.
Splash erosion and assoclated 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 materlal 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 or the soll material rake-up, the resistance
Lo detachment, and the Jdetaching capacity of *he erosive agent

The amount and type of bed load are related directly to the {low.
The movement of bed load tends to be in Mlance with flow condlitlons,
This has an important bearing on channel stability. If the flow be-
comes loaded beyond its transporting capacity deposition occurs.
However, 1f the load is less than the transporting capacity, the flow-
ing water attacks the channel in an effort to achieve the alance be-
tween load and capacity. Any change in sediment load or in flow
characteristics will have an effect on channel stability, Veloclity,
turulence, 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 1. less
than the sediment load. When flow is diminisheq, the coarser frag-
ments are deposited first. As 1t continues to diminish, smaller
and smaller particles are deposited. Deposition, like erosion, is
a selective process which results in a gradation in the size of
material in sediment deposits,

Sediment deposits may occur on land or in various forms in bodies
of water,

Deposits can occur on land when the runoff from slopes reaches
more gertly sloping land, The runoff loses veloclty and hence the
capacity to carry the sediment load. Runoff flowing from tare to
vegetated areas will also lose caxrying capacliy and deposit some of
its load.

Deposits oceur in water as a faster flowing stream flows into
a slow moving one or into a pond, lake,resprvoir, or ocean. A stream
reaching a lover yradlent channel will also lose carrylng capacity
ard forr deposits If the load 1t 15 carryling rxceeds the new carrying
cape vy

To develop adequate sediment conixol we need to know the source,
amount, and nature of the sediment, If the sediment 1s mainly from
splash and assoclated sheet erosion, then land treatment is the most
appropriate contrnl wediment traps and basins are much less efficlent
In trapping the very fine material from this type of erosion, 1f the
materlal 1s malnly coarse materlal from gullles and channels, there
are two ways to conirol the eroulon, One 1s to alter the flow charac-
teristics by reducling grades, wldenlng cross oectlons, and reducing
tarbulence, or by reducing the flow with the use of reservoirs. The
other is tn provide some proteciive cover to the channel Yanks and,
perhaps, 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 basins.

Questions:

1. What is the primary source of the clay and silt materials in
the sediment load? 0Of the sands and coarser mater 1als?

2. What factors determine the sediment load?

3. Describe the behavior of the various sizes of material in a
flow,

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

The primary source of clays and silts is from splash erosion
This erusion process is very selective  Coarser materlals usually
come from fullies and from channel banks and beds.

The amount of sediment, or sediment loau, iepends upon the energy
of the moving water. Encrpy increases with increased velocity. Velocity
increases as gralient inereases, as depth of flow increases, and as
channel roughness Jdccreases,

Colloidal materials, such as clay, remain suspended in the flow
and rove along as a par' »f 1t, Uilts may be suspended throughout the
entire Jepth of turbulent flow, but tend to be more concentrated near
the bottor. Jands and coarser materials usually bounce, roll, and
slide along the channel bed.

Sediment 1s deposited as the flow loses 1ts energy. This happens
when a flow spreads oul 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 11X CONTROL

Unit 1. Principles of Erosion and Sediment Control

Purpose and Significance:

The principles which are tasic 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
gulde the sequence and treadth 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
tased 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 eroslon process will give you the basic knowledge you will need
in developing an eroslon and sediment control plan.

Objectives:

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

2. Name five princlples for the control of erosion.
Contentt

There are three over-riding principles of erosion and sediment con-
trol which provide the basis for all of your plan and design work. These

should become so ingrained as to provide a basic approach on each de-
velopment project.

The three principles are:

1, Erosion control iS fundamental to the whole program and nust
be the first line of gefense.

<, Geulment control ls a backup for the erosion control measures
and the second line of lefense,

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

‘hat erosion control is the fixrst line of defense logically follows

what we havz learned about the erosion process. If there 1s no erostion
there cai. be no sediment. Control at the source of material prevents
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both erosion lamages and sediment damages. 1In some instances it may
be the only way to have an acceptable level of control of the very
fine sediments, In many instances, in f{ield situations, it will be
Impossible or impractical to impound water laden with this fine
material for long enough pericis for it to settle out.

Sediment control is the second line of defense. It provides a
backup when all possidle erosion control measures have been utilized.
Sedlment should Y flitered out of the runoff water or allowed to
settle out before the runoff leaves the site. Care must be taken so
that runoff reledased from the site will not cause channel erosion
and sedinent damage Jownstream,

These lines of defense must be coordinated to achieve the most
effective level of protection., 71his calls for coordination of erosion
and sediment control items and coordination of thesc with the overall
plan for the development., Erosion control will seldom if ever be com-
pletely »ffective during construction. It must be backed up by adequate
provisions for trapping sediment before it leaves the site. To insure
agalinst downstream damages an evaluation must be made to detcrmine what
1s needed to counteraclt the higher runoff which will occcur after develop-
ment, Facilities should be provided to reduce ithe damages which could
occur. FErosion and wediment control must be planned along with the
total plan for the site. If this 1s not done durlng or along with
the planning for the total development, you will be left with limlited,
cosily, and unsalisfactory options for croslon »nd sediment control.

There are several "how te” principles of erosion control The
first is to fit the specific land uses, including that used for water
management, to the natural features of the site, such as soils, topo-
graphy, vegetative cover, and the natural dralnage system., Avold ex-
posing steep crodible solls to rainfall and runoff. Protect dralnage-
wayo, Streams, and other vulnerable areas juxing consiruction. Keep
dlsturbance of critical areas to a minimum,

wacond, protect are soil from raindrop impact. Keep both the
area of »oll erposed and the length of time that it i1s cxposed to an
absnlute ninimum. Tenporary mulches and wecdings should follow grad-
ing wherever -, h)e, Jobs should be jone in stages so that both
time of exposure and area expooed arce kept to a minimum, Jobs can
also be stagel to avoli the perleds of most erosive ralns,

Third, maintain the Infiltration function of the land to the ex-
tent possible.,  Choose layout and tesigns to minimize the amount of
impervious aras, Retain areas of unique natural vegetation whenever
possible, Keep compactlon due to traffic and construction machlnery
to a minimum ~xcept where comvaction is specified for some structures
a5 a means o! Improving their stability., Don't confuse firming an
area to improve 1Y an a serdbed with rompactlion,  The latter would be
excessive Tor seedbed parposces ans weuld greatly inorca s« runoff.
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Fourth, keep runcoff velocities low. Use mechanlcal measures to
shorten slopes. Avold unnecessary creation of steep gradients.

Fifth, protect disturbed or btare areas from runof{ 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 flltering or trepping sediment., Vegetatlve and
mechanical measures corbine to slow runoff in level spreaders and
grassed waterways, Mechanlcal measures such as gravel outlet struc-
tures, sediment basins, and sediment trape :low or hole runof! and
allow sedlment 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 Jdownstream from 1it,

Questions:

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

2. Name flve principles for the control of erosion and sediment,
Summary t

Brosion control is the first line of defense in an erosion and
sediment contxol system. Tontrolling 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 he needed.

Sediment control 1s the second line of defense, It provides a
backup for the erosion control practices., Runoff water should be re-
tarded for long enough perlods to allow the sediment to settle out,

Coordina ting erosion control, sediment control, and stormwater
managenent with each other and with the specific land usec and develop-
ment plans is the third guiding principle.

The "how te" principles of erosion control include:
1., Fit the Jdevelopment to the natural features of the site,
avolding disturtance of very erondidble soils,

N

J. Protect hare goll from raindrop impact by limiting size and
duration »f exposure.

). Maintain the natural infiltration funcrtion of the land by
alniniz ing evient of lmpervious areas and by using measures which pre-
vent sealing of the o1l surface,
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4, Xeep runoff velocitles low by mechanically shortening slopes
or by keeping gradients low.

5. Protect disturbed or are areas from runoff which is generally
off~aite.

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

7. To prevent channel erosion dewnstream, control the release of
excessive stormwater runoff which 1s generated by the development.
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Unit 2. Contrgl Measures

Purpose and Significancet

This unit presents a discussion of all of the erosion and sediment
control practices which are used in the Virginia Erosion and Sedinent
Control Program. It includes detalled study of the 3tandards and
Specifications for practices in Appendix A, the Yirginia Handbook.
Practices are related to the particular principles that they hLelp to
satisfy.

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

The name, purpose, and applicability of each practice must be
understood in order to use them properly in an erosion dnd sediment
control plan. This means knowing the limitatlons of each practice as
well as you do thelr strength. This unit on practices and specific
planning techrnliques should be mastered before we are ready to dlscuss
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 protection by prutectling bare or (disturbed areas from ralndrop
tmpact. Glve the stated purpuse and conditions where appllicable for
each,

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

3. Name the practlices which help to maintain the infiltration
capacity of the soll, For those not named under 1 and 2, be able to
give the purpose and conditions where applicable.

4, Name the practices which help to reduce or control the release
of runoff {Tumthe site and glve the purpose and conditlons where
applicable for each.

5. NKame the practlces usel to filter and trap sediment before it
s the site ani glve the cunditlons where applicable for each.

leave
6, Describe planning techniques or procedures which would:
(a) Limit aren and duration of bare soll exposure.

(b) Maintain infiltratlon capacity.
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Content

Using Appendix
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C, USA-UC3 TR 49, and glven appropriate data:

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

volume,

(b) Rame the paraneters used to determine peak rates of run-

off,

(c) Given appropriate data, use the method in Appendix C,
Chapter 3}, to conpute t‘ravel time, lag, and time of
concentration,

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

There are several practices in the Virginia Handbook which owe
their effectiveness to their adbility to protect the soil from raindrop
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 pmge number in the Handbook is cited. Read the
Standard and Specification in the Handbook carefully and be sure to
learn the purpose and conditlons where applicable for eacn practice.

impact.

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

1.

2.

A

Disturbed area

Disturbed area

Disturbed urea

stadllization (with mulching only) page II11-11",
stabllizatlon (with temporary seeding) III-116.

stabilization (with permanent seeding) I1I1-120,

Disturbed area stabilization (with sod) iI11-131.
Disturbed arsa stabilization (with Rermuda grass) 111-135.
Disturbed area stabilization (with ground covers) 111-139.
Tidal tank stadbilization (vegetative) IT1-141,

Also read Appendix A, pages II1I-3 and I1l1-4 down to Mechanical
Practices,
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Figure 16. Straw Mulch At Two Tons Per Acre

In addition to the practices listed above, there are several plamn-
ing techniques and Juvelopment procedures which minimize the size of
area of bare soll exposed to ralndrop crosion ani limit the duration
of exposure,

v

1. Make erniion and sediment control planning a part of the total
pPlanning Job and choose a layout which will meet the development objec-
tives with the leas* dasturbance of the site. Layouts such as clusters
and planned unit developments will provide Jensity equal to conventional
Jevelopment with a much lower percentage of disturbed area.

2. Stage the grading and constructlon activities to 1limit the
area disturdd at any one {ime,

-~
P2

3. io tne extent possidle, schedule operations so that hazardous
Aareas are not exposed during the months with highly wrosive rains.

4., OSchedule *emporary practices such as mulching and temporary
seedings to immediately follow rourh grading, See Figure 17, .oeed

is often applird trrough blower along with muleh,
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Figwc 17, Mulch Applied By Machine

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-
veloping an eroslon and sediment, control plan. They may be all that
is needed on many sites. They definitely fall into the categoiry of
first line defense.

The second group of practices which should e considered are

those which function to keep runoff velocitlies low. Read Appendix
A, pages 1114 to 111-8 and the cited Standards and Specitications.
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Figure 18, Mulch Should Be Anchored

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. Lland grading - Appendix A, page II1X-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 »e 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 functlons to elimirate 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 1II-11.
Thils must be used in conjunction with a stablized area which
will provide a safe outlet.
3. Temporary Interceptor Dike - Appendix A, page I1I-14,

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

-
/1
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4, Temporary Straw Bale Barrier - Appendix A, page I11-20.

Note that this practice 1s used only when there is a very
small contriduting area, and there is no concentrated flow.

5, Temporary Leve! Spreader - Appendix A, page 111-25.
This practice must be used only where the area which recelves
the flow 1s well vegetated and has a configuration such that water
w11l not reconcentrate,

6. Waterway or Outlet - Appendix A, page I11-13.

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 structure than the diversion dike de-
scribed on page TI11-11. It Influences crosion by reduclng the length
of slope, and carrying runoff at a saf grale to a stabilized ou le-.

A third group of practices redu.es erosion and sedimentaticr by
helping o mainiain the irfilration capicity of the soil. These
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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 II11-25.
3. Topsoiling Disturbed Area - page III-120,

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

There are several planning techniques and innovatlons which will
help to maintain infiliration 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
activities. 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 featuxre
of the development.
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3. Use erosion resistant pervicus paving materials for parking
areas and driveways,

4. Control or restrict traffic and construction equipment to
reduce the amount of land which 1s compacted.

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

6. Read Appendix C, Chapter 7, USDA-SCS-TR-5§5.

The fourth category of practices includes those which manage both
runofs on the site and the discharye of runoff from the site. Practices
oud techniques which maintain infiltration help to reduce the volume of
runof £ which must be handled.

1. Waterway or Outlet - Appendix A, page I1I-28. (Also helps
keep runoff velocities low.)

(Stone center waterways must use the Standards and Specifica-
tions for Riprap 1o ratch size of Stone to velocity.)

2. Grade Stabilization Structure - Appendix A, page II1I1-38.

3. Temporary Downdrainage Structure (flexible) - Appendix A,
page I1I-68.

4. Riprap - Appendix A. page III-57.
5. water Storage and Release Faclilities.

These Practices are notv included in the Virginia Erosion ang
Gediment Control Program. However, the Virginla program does require
that an analysis be nade of peak runoff with the present use and with
the use after development. It is suggested that Appendix C, USDA-SCS-
TR-55 be used to estimate the peak after development. 3torage and re-
lease facilities may be required by local ordinances. Wwhere 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 vegetatlion in drainageways and siream channels and
along both siades of the <hannel. Where crossings are necessary, pro-

vide culverts or otherwise protect the crossing.

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

1. Temporary fGravel Outlet Structurc - Appendix A, page III-22.

This 1s always used in conjunction with 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 stadble watcrcourse.
2. Sediment Basin - Appendix A, page III-4i.

3. Sediment Trap - Appendix A, page 11I-49

Figure Z1. A Well Constructed Sediment Basin
(However, the banks and adjacent area should
be mulched and seeded.)

P aan s P

Opecial purpose practices are discussed in Appendix A, on pages
1I11-7 and B of the Handbook. (See Miscellaneous Practices.)

There are several other practices in .he Handbook which were not
included in the above categories. They have speclal applicability, bt
will b valuabdle ardditions to the control Program. These practices
and the Handbook references follow!

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

2. Gulde for Prntection of Trees on Disturbed Areas - Appendix A,

page III1-153.

3. Gulde for Tree Planting on Disturbed Arecas - Appendix A, page
111-157.

O
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4., Dune Stabilization - Appendix A, page I1I-148,

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

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

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

2. Name six practices (excluding those named in response tc Ques-
tion No. 1) which provide protection by keeping runoff velocities low,
and indicate the cenditions 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.

$. Name three practices used to remove sediment from runoff
water. Give the condi‘lons where applicable for each.

6. Describe the planning technigues or procedures whichs

(a) Limit the area and duration of exposure of tare soil.
(b) Help to mainiain infiltration.

7. Compute the volume of .unoff to be expected from the follow-
ing water .hedi

350 acres, all soils in Group R
LO percent cultivated
30 percent neadow, food condition

30 percent pasture, ¥ood 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 residential with 1/2 acre lots

20 perceni commercial 85 percent impervious

76

ERIC

Aruitoxt provided by Eic:



~68-

10 percent parks wlth good grass cover
10 percent paved stirecets and roads.

8. Solve for lLag and Time of Concentration for present conditions
and future urbani.ed conditivns given below: (Use modified curve numder
nethod, 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 future conditions = 30%

Runoff curve number under preseat conditions = 80, future = 85

Percent of hydraullc length of watershed modified
under future conditions = 50%

9. Use the same watershed and conditions as in prodlem numdber 3.
Compute the peak discharge for the present condition and anticipated
future condition for a 100-year 2h-hour storm with 6 inches of rain.
Use method in Appendix C, Chapter &,

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 (F=6") at the downstream end
of sub areca 3 b included with erosion and sediment control plan.

(N

O
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Runoff Travel Time
Inches Hours
Pres, Fut. Pres, Fut,

~69-
Time Of
Drainage Concentration Runoff
Sub Area Hours CN
Area Mi,z Pres. Fut,  Pres. Fut,
1 0.35 1.00 1.00 70 70

2 0.30 1.25 0.75 75 85

3 0.0 1.50 1.50 75 75

0.75 0.75

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

and future conditions.

10a. Use the graphic method and determine the effect on peak dis-
charge of a planned unit development in the upper part of a watershed

with the basic data given below:
Dralnage area = 192 acrcs
CN present = 75
CN futare - 85
Tc present = 1,25 hr.

Tc future = 0.75 hr

P24 = 6.0 inches (2 hours, 100-year frequency).

Summary:
Practices to reduce splash erosion:
Practice
1. Disturbed Area Stabilization

(with mulching only)

2. Listurbed Areca otabilization
(trmaporary zeeding)

3. Disturbed Areca JStadilization
(permanent seeding)

El{l\C 78

Aruitoxt provided by Eic:

Condition Where Applicable

On areas to be bare less
than 6 months or where
seed ings cannot be made.

Areas which would remaln
mre for one yecar or less
e fore permanent grading
and seeding.

On bare areas where per-
manent vegetation is
needed.
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Practice
Disturbed Areca Stabilization

(with sod)

Disturbed Area Stabilization
(with Bermdua grass)

Disturbed Area Stabilization
(with ground covers)

Tidal Bank Stabilization
(with vegemtion)

Practice

land Crading
Temporary Niversion Dike

Temporary Inter optor Dike

Temporary Straw Bale Barrier

Temporary Level Spreader

Waterway or Outlet

Diversion

79

Condition Where Applicable

On btare areas where quick
covar 1is needed to prevent
damage .

On hot, dry, Yare areas and
where wWaym season grass
ie desired.

On btare 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 low:s

Conditions Where Applicabdle

Where grading «1ill help
control erosion.

At top or toe of slopes.

Across disturbed right of
way and gimilar areas
until they can be per-
manently stabdilized.

On 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 capncity of the land

ares

Practice

Condition Where Applicable

(The six practices above which reduce splash eros on)

1. Temporary lLevel Spreader

2. Topsoiling

(Seo Above)

Where deepor soll is needed.
¥here better soll materlal
is needed.

Practices which are used to safely handle runoff on the site and

its discharge from the site include:

Practice

1. V¥atervay or Outlet

2, Crade Stabilization Structure

3. Downdralnage Structure

4, Riprap

5. water Storage and Release
Facilities

Purpose and Conditlon
¥here Applicable

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

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. Applicadle to
waterways and channels,

Where exceasive runoff is
generated by urvanization
and release at or near pre-
development rates is ssen-
tial.

Practices which rensve sediment from runoff water are:



72

Practice Conattion Where Applicable
1. Temporary Gravel Outlet In conjunction with diversion,

interceptor, or perimeter

dikes and where there is a
need to disnose of sediment
laden runoff at a protected
outlet,

2. Sediment Basin Where 1t is impossible to
install erosion control
practices to reduce sediment,

3. Yediment Trap For small sediment produc~
ing areas (less than one
acre) where it was impossidle
to keep sediment production
to arceptable levels with
croslon control practices.

Planning tectuiques and development procedure  which help to maln-
tain infiltration are planned wnit develupment, planned residential ae-
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
1t can soak in is also helpful. The use uf erosion resistant pervious
paving matertal will help maintain infiltration. The use of grassed
watersays and strips provides some infiltration and slow runoff.
Devices such as french dralns, perforated pipes, or other porous pipes,
and dry well are also helpful, High roughness (coarse) grasses are
more effective in promoting infiltration, Note the reference asslgned
earlier in Appendix C, TH-55,

The lag for the present condition on the 500-acre aralnage area

is L 0.75 and the Time ¢ f Concentration is T¢ 1..5 hours, Equation
-
o.M 0.7 . 0.8 3.7
L. s O 20007 571 £ 11915 (Q605) L 5 95 nrs.
.5 0.5 3300
1900 ¥ 1960 (4
L

Te- 570 1.67 (9.7%) = 1.29 hrs,
Lag and Time ot Concentration For Future Conditlions arex

L - 0.41 and 7¢ 0,08 hours

Baote L - 2000081 2641)9+7 . 1191,5 (2.08) - 0.6 hrs.

1900 (4) 9+ 3800
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Adjusting L for impervious = 0.85 (See Figure 3-5.)

AdJusting L for modifications of hydraulic length = 0.75 (See
Figure 3-4.)

L = 0.8:(0.85)(0.75) = 0.41 hours

Te = 1.67(0.41) - 0.68 hours

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

1. From Table 2-1, "Present Q = 3,78" “Future Q0 = 4 71"

2. From Appendix C (Appendix D, Sheet 2 of 3}, qp = 190(3.78)=718 cfs

3. From Appendix C (Appendix D, Sheet 2 of }), 4 future basic =
215(8.31) = 927 ofs

L. Adjusting for 30% impervious area:
From Figure 4-1 for CN 85, peak factor = 1.1}

Adjyusting for length of hydrawlic modificatiom:

\

From Figure 4-2 for CN 85, peak factor = 1.25

6. Q ruture = 927(1.13)(1.25) = 1309 cfs

Here 1s the completed basic data for Question 103

Time of
Drainase Concentration Runoff Runof { Travel Time
Sub Area Hours CN Inches Hours
Area Mi.2 Pres. Fut, Pres. Fut, Pres., Fut, Pres, Rut,
1 L35 1.00 1.00 70 70 2,80 2.80 -~ --
K .39 1.25 0.7 75 BS 3.28 4.3 -- -
3 40 1.50 1.50 7y 75 3.8 3.28 0.75 0.79

O
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Discharge Summaries For Question 10

Present Conditions

Drainage HOUR
Te Ty Area Rainfall Runoff 12.7 12.8 12.9 13.0 13.2 13.5 W%.0
Sub Area Hr. . Mi2 Inches CN Inches cfs c¢fs cfs cfs cfs cfs cfs
1 1.00 0.75 0.35 6 70 2.80 161 197 228 251 268 23 137
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 J3) 587 652 711 74S 763 670 420
Future Conditions
Dra inage HOUR \'g
Te Ty Area Rainfall Runoff 12.7 12.8 12.9 13.0 13.2 13.5 14,0 !
3ub Area Hr. Hr. Mi2 Inches CN Inches cfs cfs c¢fs cofs cfs cofs cfs
1 1.00 0.75 0.35% 6 70 2.80 161 197 228 291 268 231 137
2 0.75 0.7 0.30 6 B9 4,31 309 359 392 402 370 269 138
3 1.50 ¢.00 0.40 6 75 3.28 308 309 309 295 26l 201 130
Total {Composite hydrograph at end of sub area 3) 778 865 929 Q48 902 701 405

The effect of development of sub area 2 is to increase the 100-year peak discharge from 763 cfs

to 98 cfs.
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The graphical solution for peak discharge on the 192-acre water-

shed with a present condition CN of 79 and future CN 85, a present
time of concentration (Tc) of 1.25 hours, and a future time of concen-
tration of 0.75 hours is as follows:

Present Condition:

From Figure 5-2 for T, -~ 1.25 hours, peak discharge = 270 csr/
inch of runcff.

From Table 2-1 for P24 = 6.0 inches and CN = 75, Q = 3,28 peak
discharge (q) = 3.28(0,3)(270) = 266 cfs.

Future Condition:

From Fisure 5-2, T¢ = 0,75 hours, pvak discharge = 390, csm/
inch of runoff.

From Table 2-1 for P24 = 6.0 inches and CN = 85, = 4.31 peak
discharge (q) = 4.31(0.3)(39%0) = 504 cfs.

The development will increase the 100-year peak discharge from

266 cfs to b cfs.

81
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Unit 3. The HManniny, Frocess and the Erosion and Sediment Control rlan

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-
vlete planning job, the selection and deslgn of practices, and the re-
quirements for rlans under the Virginis Erosion and Sediment Control
Program. The value of planning erosion control along with the other
plans for the area is discussed. /he 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 shculd help you to bxring together
all of the knowledge you have acquired adbout erosion and sedimentation
and to use 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 b part of the overall planning for the development.

2. Describe how erosion and sediment conirol Pplanning and the
planning of the development can Y coordinated.

5. List the kinds of information you would neced to identify areas
0! potentlal erosion hazards. List data required by the Virginia Hand-
book that 1s not included adove,

L, Given appropriate data for a specific site, delinecate potential
erosion areas.

S. Given appropriate data for a development, select, locate and
desiem erooion and sediment control practices according to the Gtandards
and Specifications in Appendix A, the Virginia Handbook.

6. Given all the neces-ary data for a development site, develop
an erosion and scdiment control plan which meects the requirements in
the Virginia Eroslon and Jediment Control Handbook. See Appendix A,
pages I1-7 to II-11.

Content:

It is @ssential to plan for erosion and sediment contirol as an in-
tegral part of the planning of the development. Decisions which are
made in regard to intensity of uses and locatlon of specific uses and
facilities will have a substantial cifect on crosion and sediment.
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One of the strongest arguments for making the erosion control
pPlanning an integral part of planning of the development 1s that you
do not destxoy 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 termative plans.

The second argument is based on the concept that for any develop-
nment 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 Yenefits to the public. Some will be of long time benefit
to the property owner. The developer, too, can expect to be reimbursed
for a quality development. Degradation of soll resources or water
re sources which are twought 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, watex
management 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 in connection with the first argu-
rent 1s advantageous for economic reasons as well as the technical
reasons. The study of soil condjtions for erosion and sediment con-
trol may also reveal other stability protlems that could prove costly
if not discovered. Benefits to costs of over 100:1 have been reallzed
by the use of soils information. (Ref. 1) Layouts which favor erosion
and sedinent control may often reduce the costs of development while
st1ll meeting the original objectives for density and use. Cluster
development and planned units or planned residential development can
mean substantial reduction ln sewerage malns and laterals, roads,
dxiveways, 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 arxive
at the most satisfactory plan for the area. The usual steps in the
process are!

Setting objectives

Gathering facts

Interpreting and analyzing the facts

Developing altermative plans

Choosing the mos* sultable plan
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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 oblectives,

Objectives or goals for the type and quallty of development have
undoubtedly been made when the site is acquired. Some goals on the
density, varlety, size, and quality of residential units or size and
diversity of commercial area are probtably also tentatively declded
at this stage "hese should be flexible and subdlect to change in
keeping with the potential of the site. Goals which should be con-
sidered from an eroslon control sitandpoint, and in fact from a total
quality of the environment standpoint aret

1. To accommodate the 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 managerent 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 Irovide benefits Inderiniiely.

In gathering the facts whlch you will need for planning, include
all the data needed to evaluate its full potential. This would in-
clude facts pertinent to exosion 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 include:

1. Information aboui the soils and geology.

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

3. Information about the dralnage patterms on the site and on
surrounding influencing areas. Channel flo¥ and conditlons, ponds,
lakes, and streams should be included

4, vVegetative cover and condition should be mapped and unique
vegetalion areas delineated.

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

Compare this 1lict 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 that is usually needed to complete
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the items in the plan., The data required 1s not only importani in
developing the erosion control plan, but will have broac usefulness
in overall planning of the site,

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

301l survey maps and detailed information on soils are available
in the Soil Survey Reports developed by the U, § Department of
Agriculture and the Virginia Polytech Institute for many countles in
the state. The same soil will odviously have potential for many
uses, It may have limitations which must fixst be overcome before
realizing thlis potential, Wut 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 determinatlions. Let's examine a typical soil
survey ,

Figure 22. So0il Survey S5o0il Map

The bouniarl:  of cach kind of soil are ouitlined on an aerial
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photograph by solid lines. There is a symbol farthe kind of soil with-
in each delineation if there is enough room; 1f the delineation is too
small, the sym™le is outside with a polnter to the area. All areas
narked with the same symbol will be the sare kind of soil wherever they
appear on the map. A gulde to these map symbols is included immediately
ahead of the map sheets. The symbol itself conveys specific information
once the system is understood. For axample, the symbol S5tB appears in
the left center of the above map. St designates State fine sandy loanm,
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 &% slope. If the second capital letter is
omitted, it means that the delineation is essentially a level area,
¥hen a muaber 2 or 3 follows the second capital letter, it shows how
nuch ercsion has taken place; 2-moderate, 3-severe. The maps show,

by s*sndard symbols, many other features such as roads, rallroads,
bridges, 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 kind
of so0il. The narrative portion gives a soil series description which
gives the texture, stxucture, pH, and other characteristics of each
horizon in the profile. (A horizon is a layer of soil approximately
parellel to the soil curface, with distinct characteristics produced
by the soil forming processes. Horizons are identified by letters of
the alphabet with A belng the horizon ai the surface. A profile is a
verticle section extending from the surface through all horizons from
the suxrface 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
glve further detalls on texture, organic matter content, permeability,
and engineering properties., Interpretive tables give the degree of
limitation of each soil for various uses in tcrms of slight, moderate,
and severe limitations.

K or erodibility for soils may be in the more recent reports, but
it is 1n Appendix B, pages B-8 to B-26,

Hydrologic information on solls is given in Appendix C, TR-55 in
terns of four hydrologic so0il groupings. These are designs ‘ed A, B,
C, and D, with A being the low runoff potential group and D ‘he high
runoff potential. It should be noted that compaction of the soil by
heavy equipment, or barren conditions may significantly influence ihe
rate of runoff and cause a s0il to be classed in the next lowe. hy-
dxrologic 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 map wWith 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 larie scale map with contour in-
tervals of 1 or 2 feet vertlcle 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 dxainage pattern, including sizes and shapes of each contri-
buting area, should be mapped out on a good base map, An adequate topo
map would be ideal. It should be delineated from field cheching.
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 polnts where concentxated overland flow enters channels and
indicate the present stabillty condition.

The vegetative cover should include itype and condition of cover.
Typec will incluce wetlands, grasslands, cultivated lands, 1dle weed-
covered land, forest land, and others. Condition should reflect the
percent of tare 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 orxder 1o reveal the potentials and problems of the
site. There is no set way that governs this step, in fact sev ral
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.

So0il maps can be interpreted in several ways. OSome planners
find that a soil condition map is very useful. Figure 23 illustrates
a 501l condition map for the same areca as the soill suxrvey map in

Figure 22.

This particular example shows areas of poorly drained solls and
areas of seasonal high water table. Another approach Is to delineate
all of the areas whicr should not be disturbed or built upon because
of specific hazards. This definitely should include flood plains ana
other arecas ad_acer to sireams; it would also include steep nrodible
areas, wetlands, and unique aredas which should be preserved.
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Figure 23 Soil Condition Map

Bos  (Jun1 sheet 6)
.

Scaseonal High Water Table

XKy Foorly Draines €orls and Seasonal High Water Table

A third approach, which has Yeen widely used by planners, is
to prepare overlay maps showing the relative so0il suitability for
various uses. Information for this can be taken directly from the
tables of thr soil survey report which shows slight, moderate, and
severe limit-tlons for various uses.

Excsicn hazard areas can be identified from the soll survey in-
formation including the erodibllity factor K, and the slope class as
Inuicated on the soil survey map. However, when a map overlay, show-
ing soils information, is used with the topographic map these areas
can be very easily delineated.

Evaluate the topography by delineating areas of varlous slopes.
ATeas which are over 15% slope will have nore severe erosion, water
management, and constructlion problems. It will de helpful to draw in
ridge tops, Indicate dixect of slopey and length of slope in each
sub-dralnage area.
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Existing drainage patterns should also be shown on the topographic
vase 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 nanagement problems and needs.

When all of the data has been interpreted, analyzed, and the results
put on the tase map, the results should suggest the most favorable lay-
outs to you. The delireations 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, stireets, and other uildings
on the basis of highest poiential for the purwmese and least risk of de-
grada ticn of the environment. It will be necessary to make compromites.
For each possible layout think out thc needs for water management, ero-
sion control practices, and sediment control practices. Economic evalua-
tions should te made for the varlous possible layouts. Keep in mind
that the highest quality development 1s usually one with the least
disruption of the natural features of the site. Excessive grading is
not only expensive; in many cases, 1t creates more problems that it
solves.

Once the layout of bulldings, roads, and other facilities has been
declded, delineate the areas to be cleared and graded, identifying cut
and £111 areas, and 1identify and estimaie the erosion hazard on these
areas and existing Yare areas on the site. Design the storm water
managenent system based on runoff expected after development. Use all
possible means to keep peak discharges low. Identify where runoff from
adjacent properties are likely to cause erosion pProblems. A temporary
interceptor or diversion dike should b used at these locations. These
should outlet only on proiected statle areas. ‘here there is a risk of
erosion from graded and other Yare arvas to adjacent property, a
temporary perimeter dike should be constructed. These should outlet
into a gravel osutlet structure, sediment trap, or sediment tasin. See
Standards and Specifications for each of these vractices. Gtiudy the
design requirements for a sediment basin, Appendix A, pages III-41 to
48 and Appendix B-9, and be prepared to deslign such a pra tice.

All diversions, interceptors, and earthen structures should be
mulched and seeded, sodded, or stabilized by other accrptable means
immed iately upon completion. whexe a cholce of grades is possible,
keep gradlents low. Remenber that diverslons and interceptors convert
sheet flow to concentratad flows.
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The stormwater management facilities may include diversions and
watervays or outlets, I+iudy the Ctandards and Specifications for these
practices in Appendix A, pages II11-28 to 40, and be prepared to design
a waterway or outlet which would meet these requirements, See, also,
Appendix A, pages III-75 to 89, Use Appendix C, TR-55 to compute peak
discharge as required,

For all tare areas that can be graded to desired finished grades
during a satisfactory season for establishment, select pexrmanent 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. OGStudy the appropriate Standards and Specifications and
Appendix A, pages III-165 to 183. Be prepared to use this material
to choose perranent vegetative measures, inciuding species for actual
field conditions,

For ail other tmre areas, including those completed to finish
grade vhich cannot be sceded because of time of year, use tled down
mul ch where seeding can be done on rough graded areas, use mulch
and temporary seedlings. Omit from sceding only those immediate areas
where construction of facilities will begin in two or three weeks.

Evaluate the need for practices such as level spreaders, gravel
cutlet structures, sediment iraps, storm drain outlet protection and
riprap, and bve 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, devclop a pian for siaging the grading so that the first area
can be stabllized 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, flexibliity must b retained so that the
Job superintendent can make appropriate changes in specifications
to fit scasonal and other require orts,

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

Data and assistance on 50ils information, nydrology, and related
fields i1s avallable through the local Soll and Water Conservation Dis-
trict and the U.5,D.A., Coll Conservation Jeri ice personnel assig ed
to assist the district,

Juestionst

1. Glve three reasons why planning for erosion and sediment con-
trol should we a part of overall planning of the development.
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2. How can planning for eroslon and sediment control and the
planning of the development b coordinated?

3. ¥Yhat 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 Flan (as indicated in the l!andbook) that is not
1 Inded adbove,

L., Using the soil and topographic information below, delineate
the areas which are potentially critical erosion areas:

Soil survey of 90-acre slte:

|n=6601

Position on

Map Symbol 3011 Name “lope Landscape
Aph2 ApPRling fine sandy loanm 7-20% Upland
CeR Cecll fine sandy loam 2-7 Uplang
el Cectl fine sandy loam 7-15% Upland
Cm Chewacla si1lt 1man -- Floodplain
HsB Hivassee loanm 2-7% High River
Terraces
HsC2 Hlwvassee loan 7-15% High River
Terraces
L1182 * Lloyd loam 2-7% Upland

* X for Llojd 1s .43 (It is omitted from Appendix B.)
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Map Symbol S04l Name
L1C? Lloyd loam

LnC3 Lloyd c¢lay loam
LnD2 Lloyd clay loam

LoC Louisburg sandy loan
MvB Meadowville loam
SxC Jtarr silt loam

whB ¥ickham

Topographic Map

Slope
7-15%
7-15%
15-2%%
5-15%

2-10%

=

Position on

Upland

Upland

Upland

Upland
Coluvium
Plateau

River Terrace

Contour Interval 5'

Scole 1" 2 660

(This topographic map is inadequate for determining actual grades.
In practice, the topographic maps should be of larger scale and smailer
contour interval fux this purpose and as a tase map for planning. How-
ever, 1t will help reinforce the juigments made on the vasis of the

soils information.)

No runoft enters the site Trom ad acent land; highway runoff is
cavried in a stable grassed channel parallel to the major .oad and nu*-

leting in the river.
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S. Using the information which follows, develop a plan showing
placement of the bullding, walks, driveway, and all required features
of an erosion and sediment control plan.

(a) The project is a 20,000 square-foot elementary school
building with exercise areas. The site is approximately 6 acres in
size.

(v) The work is scheduled to start May 1, and 1s to be com-
pletely stabllized by October 1.

(c) Access to the site 1s by Custard Lane.

(4) The present vegctation consists of mixed hardwood forest
roughly south of the 39.2-€oot rcontour interval., Trees are mixed age
and size from small understory up to 15 inches. There are mixed tree
specles along the southern half of the cast boundary and a small wooded
area on both sides of Custard lane, northeast of the 390-foot contour.
Tnere are a few widely spuced large trees along the west boundary ex-
tending from Custar? Line south abcut 150 feet. The remainder of the
area 1s old pasture with some briers and small saplings. All areas
have adequate cover for protection from erosion.

(e) The soil is Cecil silt loam eroded rolling phase.
(f) Topoxraphic informatlon is on Page 88.

Summary:

Coordination of erosiun control planning and the development plann-
ing will keep the options flexible for each plan. It will allow conm-
pronises and adjustments which give the best use of the land and water
resources at the least cost. This 1s the maxlmum "net productivity”
concept. Coordinatlon of all planning can help avold costly mistakes.
Tre flevidbility of cholces mentioned above has both technical and
economic advantages,

To coordinate the erosion control planning and Jdevelopment plann-
‘ng, the erosion control goals must e part of the overall goals for
the development. These yoals must ovcupy an important place in making
all the planning declislons,

The data neeled in order to ldentify eruslon prone areas would
be s01ls, topographlic, and hydrologic data, ¥e should know the soil
K value and the leng@tho and grades of slope. Hydrologlc data would
include rainfall, runoff (oming onto the site anyd that generated on
the site, dralnage patterms including channel sizes and conditlon,
watershed slopes, and the effects of development on runoff,

The Handoook requires that pertinent data In the above categorles
be included in the ern | and sediment control plan. Oee Appendix A,
pages II-7 to 11.

On the 90-acre site, the area with the most severe eruvsion potentlal
is the Lloyd clay loam, 15-25% slope. The Lloyd clay loam and Lloyd
loap, 7-1%% and the Cecil loam, 7-1% slope, have severe ercsion hazard
potentlal onev the cover 1s removed. The smaller area of Hiwassee loam
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on ?7-15% aluo has a high eros!on potential., Erosion hazard even on
the B slopes couls be severe 17 the solls remain bare during the period
of mos! erosive rains.

The following plan was developed for the site described in wuestion

EROSION-SEDIMENTATION CONTROL JLAN-CAMPLE NARRATIVE

SLEMENTARY 5CHOOL
DEGCRIPTIONT The proguct is a 20,000 square-foot school builuing with
exercise flelds on a f-acre uite,

DATE, OF CONOTRUCTION: Project is scheduled to start on May 1, 1975,
to be completely stabilized by October 1, 1979,

o0IL DATA: The ertire site is Cecil silt loam exodeq 10lling phasc

TREE PROTECTION: Trers along the perimeter will b protectes {rom
equipment Jdamage by appropriate signs and barriers

EROSION CONIROL PROGRAM®  Not more than one-half the site is 1o bte
clearcd at one time. Anchored muleh and temporary seediny will be
done immeaiately afier grading to all graded areas oxcept building
site and 30 feet border and parking arca. Farking lot to te covered
with gravel after grading.

SEDIMENT CONTRUL (ROGRAM: Uontrol will e achicved throwsh mnstalla-
tion of one temporary scdiment basin of 0 5 acre-foot capacity and
one temporary sediment trap of 0.15 acre-font capacity Fifteen
hundred foet of earth diversions to direct storrn runoff{ to the asins,

CAFRTY PROTECTION:  The sediment baoins will be posted and the larger
one fonced to erclude chiliren,

SLAN OF OFERATIUN.: A1l mechanical rontrols are to be placed, mulched,
and sended prior to or as the first tep in clearing and grading.
Frnllowing their completion, the schiool site and area east of the
school tuilding are o be stripped and the wopooll stockpliled at ihe
southeas® corner of the slte,  Thls area will then be rought to grade
as nearly as possible wit*hoeut disturbance to other area,, All areas
hrought to grade will then b mulched and sceded with temporary
vegetation, Muleh will ve anchored with mulch anchoring tool. As
soon as mulch 15 anchored, the remainder of the site except for the
area ai the south =edlment ta<in will be graded and a stockpile of
soil material ectablished rear the topcoll stockpile for £1illing the
sediment masin as the last siep b prallng,
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STORM WATER MANAGEMENT: The peah runoff for a 1U-year frequency rain-
fall after development shall nol exceed the 10-year fequency peak be-
fore development. [his will be accomplished Yy use of roof top and
parking lot storage (See attached calculatioas ) All calculations
are based on the methods set forth in the Soil Conservation Service
publication "Urban Hydrology For Small Watersheds," Technical Releasc
No. 55, SCS, USDA, Janpuary 1975.

MAINTENANCE PRQCRAM: Al measures are to be inspected daily by the
site superintendent and inspector. Any damaged structural measures
will e 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 w11l be left until all other
rechanical measures have been removed and tle areas pexrmenently
stablllized
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EROSION AND SEUIMENT CONTROL PLAN NOTES:

PLEMuNTARY S5CHOOL

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

2. All mechanical erosion and sedimen! control measures are to be
placed prior to or as the first step in clearing and grading

3 All storr and sanitary sewer lines not in streets are t¢ be
mulched and seeded Within 15 days after backfill No more than
500 feet are to be open at any one time,

4, Electric power, telephore, and gas supply irenches are to be com-
pacted, seeded, ang mulched within 15 days after beckfill

g All temporary earth berms diversions and sediment control dams
are ito be mulched and seeded within 10 days after grading Straw,
hay, or corpiradble mulch is required.

6. Trees along the perimeter will be protected from equipment damage
by aprropriatc slins and arriers.

7 Any disturbed area not paved, sodded, or built upon by Novembder 1
ts to be seceded on that date with temporary vegetation and mulched

8, All land, on or off site, which is disturbed by construction and
which is not buili upon or surfaced, shall be adequately stabilized
to control erosion anec sedimentation

9. All erosion anl sediment controls, including seeding and mulching,

shall b in accordance with standaris and specifications contained
in the local ernsion and sediment control handbook,
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DETAILS OF MECHANICAL CONTROLS

SAMPLE SAMPLE

2 Flow line
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AT CULVERT HEADWALL AT ALL INLETS
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The adbove plan 1s only one of several ways that the school site
could have been lald out and pro ec.ed from erosion and sediment
Jamage. Even 1f the lasic layout was retained, there could have been
much less grading. 'The wooded area, or at least part of it, could
have been retalned. The depth of grading may have been excessive.
Straw btele tarriers were used to the limit of their applicabllity or,
perhaps, more than the linit. It weuld nave been safer to lengthen
the earth diversions alcng the east and west boundarsies., 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 bYe controlled The plan 1s also silent on how permanent
stabllization will be accomplished.
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PART IV TMPLEMENTING THE VIRGINIA BEROLION ANy JRLUIMENY TONTROL PLAN
rurpose and ignificance:

Part IV consists of iust one unit, The unit discusses the respon-
sibilities for the prosran It covers requirements four plan submission;
the contents of the auplication nr accompanying letter; approval and
disapproval of plars, ilssuance of permits, performance bonds, erosion
and sediment conlrel agreements: 3tops required it plan is dlsapproved;
apvoals; inspection; incpector responsidbilities, notice to comply; com-
plaints; and how to hancle ineffective mer ures which comply with Hand-
booh requirements. The Yandbook is the = le reference for this unit,

A krowledre o1 the albove 1s essential to the smooth and efficlent
handling of the administrative detalls of the program whether you are
the ajplicant or the plan approving authority. The responsibilities,
authoritdes, ar o ;v v ures will vary somewhat by local areas so that
the lnaral Drosram requirerments should be checked.

Ohiect ivea

1 Inticate ho is reaponsible for submission of the erosion and
sediment contrel plan, plan approval, 1ssuance of permits, inspection,
and legal action in your 1redld area

7. List the dnformatior whicsh an applicatinn or letier of Lut-
mission must proviige when submitiding an erosion amd sediment con rol
plan,

3 Name the cnntents o0 a preliminary plan, if such is required

L Indi aate *h~ procodure whish musi b followemyg 1f a plan is

isaparaved

Lo vtherive the requirement . for modificatlion of a plan,

tate the meevi o lons Ior o Lorpection, handline non-compliance,
AR Yo e e s Tt e v e Gy L hen T e, AT 4 A o fan o
L N T 2 O

;. froswrin the maar paant s 7oet Ayt to be conaliered by an in-

Cortent.

Rea | Handbor, Dar o v="9 11 a7 v=01

fea WilT pote that oche respenc it litie s may o Aary o 1oeal areas

fhe char® » he ~fat e vdandheae o naee Va17 Cistrict oas e
- s

jotoomeant Tt loand dat sy onceraatton O1nira ot HE TV i P
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out which of these alternatives wac aaopted in the areals) in which you
work.,

Note also that according to the Handbook on page V-15, item 2,
thy plan approving authority shall e guided by requirements in the
local handbook. By law these requirements must W at least as strin-
gent as the giate handtouk, but they may be more so.  You should use
the local erosiun and sediment control handbook fur thece requirements,

The inspector will check an all measures which are part of the
erosion and sediment control plan,  He will also evaluate the effective-
ness of the plan by checking for evidence ot eroslon ani e¢vidence of
fevosttlon of sediment

Kee will chock the timing and sequence of installa*ion of practices
tedated to the grading and ofther land Hsturbing actividles, This will
Include  aecking on staping of maor prading sctivities,

structural erosion and sediment control pracii-e. wil) be checked
for plicement, adhervnce to desiyn dimensior », and adquacy ot mulrh-
ner, seeding g andding, or other surtace triatmont, e will also check
en the quality of installa*lon, wnich inclades compaction, smoothness
nf rrading, proper slope and tratnage of inlety, and safety of outlets,

Vopetative oractdoes will Noohecked for sudh items as timing,
amont and Kindn ! nalch, jertilizetion, speries, and rftectiveness
of results,

wanstiono:
1. ohin 3o r o speroaibhle dn oyour area ford
() Wi 4 don ot the orosion g aedarent control plan
()l aperovad
(o) Theuance S pwrmis
(1) Inpeciion

e Lepal oo tion,

LooWat Bidormataor mast b gn Jade b uoan application o letter
§

o nutel Cion?

Looovtat A ctre ocorctent s 4 o Dindnary crosden and sedimen?
control Pl ?

Yy what arocedurn 1, F 1lowed 33 olan 4 disapprov 37

Lo s b vequdreseats Cor agtiibbhiation of anoaporoved
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6. State the provisions for handling non-compliance appeals and
reporting ineffective measurrs when such measures are in accoerdance
with an approved plan.

Summa ry1

The preparation and sutnission ot the erosion and sediment control
plan 18 the responsibdility of the owner, lessee, or duly authorized
agent uf the owner or lessee, The plan approving authority will vary
by locality. It may rest with the county, city, incorporated town, or
Jistrict, A department or jpositlon within one of these nrisdictions
will be named as the plan approving agency or person, Each local pro-
gram will indicate this responsibtlity. Issuance of permits for grad-
ing, building, and other actions are not changed except that the permit
1ssulrng authority shall not issue permits until the soil erosion and
acdiment control plan has been approved and su certified, A certificate
ol performance from the person responsible for carrying out the plan
must W provided

The lowal control program will designate the department or persoun
responsible for inspection, This department or person will be respon-
sible for a aystematlc program for on-site Inspection, reconiing the
dates and results of su h inspection. Note Appeniix A, Handbook items
K.ba, to Kib,, pages 19- 0, fox pon mpilance and the proviston, in
your local program,

Requirements for an application are given in Appendix A, on pages
V-13-14, ftems B 1.a, to B.1.f. The local requirements should e
checked,

Fah local control prosram makes provisions for letting the
applicant know, for a jlan that is disapproved, the modificatlions,
terms, and conditions which must be met to allow plan approval

Modifirations of approved plans must b agreed upon by the plan
approving authority and the person responsitvle (o1 carryling nut the
plan.

Appendix A, puves v-19 and .J, 1tems K, 5. through XK 6, {iscuss
alternative ways for handling -wn-uompliance,.  Chelk the lucal mogran
for the spe 110 requirements,  If inve-tigation reveals that approved
contrel practices are wing {-1iowed but are ine{fective, the plan
approving authority is rotifled and appropriate (haas»s are agreed
upon by the authnrity ani the pers)p respensible {ir arrying uvut the
plan
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Table 1

Slope Effect - Topographic Factor, LS

Slope Length In Feet

£
Slope 10 20 ) 60 80 100 110 120 130 10 150 160 180 200
5.2 0.04 V.05 0,06 0.07 0.08 0.08 0.8 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 0.1l
0.4 0.05 0.06 0.07 0.08 0.09 0.09 0.10 0.10 0.10 0.10 0.11 0.11 0.11 0.1l
0.5 0.05 0.06 0.08 0.08 0.09 0.10 0.20 0,10 0.11 0.11 0.11 0.11 0.12 012
1.0 0.06 0.08 0,10 0.11 0.12 0.13 0.13 0.1 0.4 0.14 0.15 0.15 015 0.16
2.0 0.10  0.12 0.15 0.17 0.19 0.20 0.2l 0.21 0.22 0.22 0.3 0.23 0.2b 0.25
3.0 0.1 0.18 0.72 0.25 0.2 0.29 0.30 0.30 0.31 0.32 0.32 0.33 0.3 0.35
4.0 0.16 0.2t 0.28 0.33 0.37 C40 0.2  U.L3 044 0.L6 0.7 048 0.51 0.53
5.0 0,17 0.2 0.3 0.1 048  0.% 0.5 0.5 0.6l 0.63 0.66 068 0,72 0.7
6.0 0.21  0.30 0.43 0.52 060 0,67 0.722 0.2 0.77 0.80 0.82 G.85 0.90 0.95
8.0 0.31 0.4 0,63 0.77 0.89 0.99 1.04 1,09 1.1y 1.17 1.1 1.25 1.33 1.40
16.0 0.43  0.61 0.87 1.06 1.23 1,37 1.4  1.50 1.56 1.62 1.68 1.73 1.84 1.%
12.0 0.57  0.81 1.1 1.0 1.61 1.80 1.89 1.98 2,06 2.4 2.21 2,28 2.42 2.55
14,0 0.73 1.03 .45 1,78 2,05 2.29 2.1 2,51 2,62 272 2.81 290 3.08 3.25
16.0 0,90 1.27 1.80 2.20 2.5 2.8 2,98 3.11 3.2 3.3 348 3.59 3.8 4.0
18,0 1.09  1.% 2.17 =2.66 3.07 343 3.60 3.76 3.92 4,06 4,22 W H L6l 4.8
20.0 1.29  1.82 2.58 316 3.65 L.08 4,28 u4.L? 4,65 4,83 S5.00 516 5.47 5.77
25.0 1.86 263 3.73 u.56 527 5.89 6.18 645 6.22 6.97 72.22 7.5 7.90 8.3
30.0 2,52 3.6 5.03 6.16 7,11  7.95 8.3 871 9.07 941 972 10.06 10 67 11.25
40.0 4,00 5.66 8,00 9.80 11,32 12.65 13.27 13.86 14.43 14 97 15,50 16.01 16.98 17.30
50.0 5.64 7,97 11.27 13.81 15.9% 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 2.28 25.36 26,40 27.39 28.36 29.29 31.06 132.7%

December 1974

PN



Table 1 {Cont.) B-2

Slope Length In Feet

b4
Slope 300 Lo 00 600 200 800 900 1000 1100 1200 1300 1500 1700 2000
0.2 0.11  0.12 0.13 0.1 0.5 ¢.15 0.6 0.6 9.17 0.17 0.18 0.19 0.19 0.20
0.3 0.12  0.13 0.4 0.15 0.16 0.6 0.17 0.18 0.18 0.18 0.19 0.20 0.21 0.22
0.4 0.13 0.1 0.1S 0.16 0.17 0.17 0.8  0.19 0.19 0.20 0.20 0.21 0.22 0.23
0.5 0.1 0.15 0.16 0.17 0.18 0,18 0.9 0.20 0.20 0.21 ¢.22 0.22 0.23 0.2
1.0 0.18 0.20 0.21 0.22 0.23 0.2 0.25 0.26 0.27 0.27 0.28 0.29 0.30 0.32
2.0 0.28 0.31 0.33 0.3 0.3 0,38 0.39 0.0 0.41 0.52 0.43 0.45 047 0.49
3.0 0.0 0.4 0.7 0.49 0.52  0.% 0.56  0.57 0.5 0.61 0.62 0.65 0.67 0.7}
4.0 0.62 0.70 0.76 0.8> 0.8  0.92 0.9  1.01 1.04 1.08 1.12 1.18 1.2 1.33
5.0 0.3 107 1.20 1.31 1.2 1.52 1.6 1.69 1.78 1.86 1.93 2.07 2.71 2.40
6.0 1.17 1,35 1.50 1.65 1.78  1.90 2.02 2,13 2.23 2.33 2.3 2.61 2.77 3.01
8.0 1.72 1.98 2,22 2.3  2.62  2.81 2.98 3.1 3,29 3.4 3.8 3.8 4.0 b4.u4
10.0 2.37 2% 3106 3.3 3.62  3.87 L.l 4.33 4. 47h LG 530 5.65  6.13
12.0 3,13 3.6 404 B2 4,77 510 S.A41 5.71  5.99  6.25 6.51 6.99 7.4 8.07
14.0 3.98  4.59 513 5.62 6.07 5.49 6.88  7.26 7.61 7.95 8.27 8.89 9.46 10.26
16.0 4,92 5.68 6.35 6.95 7.51 8.03 8.52  8.98 9.2 9,83 10.24 11,00 11.71 12.70
18.0 5.95  6.87 7.68 8.41 9.09  9.71 10.30 10.86 11.39 11.90 12.38 13.30 1,16 15.36
20.0 7.07  8.16  9.12  9.99 10.79 11.5% 12.2& 12,90 13.53 14.13 14.71 15.80 16.82 18.24
25.0 10,20 11.78 13.17 14.43 15.59 16.66 17.67 18.63 19.9% 20.81 21.24 22.82 24.29 26.35
30.0 13.78 1591 17.79 19.48 21.04 22.50 23.86 25,15 26.38 27.55 28.68 30 31 32.80 ’
40,0 21,92 25,31 28.30 31.00 37.48
50.0 30.87
60 0
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Table Zb - "C" Factors For Permanent Pasture, Rangeland, and Idle Land l/

Vegetal Canopy Cover That Contacts The Surface
Type and Helght Cano
of Raised Canopyg/ Coveg/ Type‘."./ Percent Ground Cover
* 0 20 40 60 80 95~100
CoTumn No: 7 3 ki 5 ~ b 7 g 9
No appreciadle canopy G L5 .20 .10 .02 .013  .003
¥ W5 24 15,090 043 .01l
Canopy of tall weeds 25 G 36 .17 .09 038 .012  .003
or short trush _ ¥ .36 .20 .13 .082 .04l .01)
(0.5 m fall ht.) 50 G 26 .13 .07 .035 .012 ,003
W 26 .16 .11 075 .039 .01l
75 G .17 .10 .06 .031 .011 .003
¥ 17 .12 .09 .067 038 .01l
Appreciadle brush 25 G 40 .18 .09 .040 013 .003
or btushes ¥ 40 .22 .14 .085 o422 .011
(2 m fall ht.) 50 G L 16 .085 .038 .012  .003
¥ LB 19 .13 .08) Lol .01)
75 G 28 .1k .08 .036 .012  .003
W 28 .17 .12 .077 NelD .011
Trees but no appre- 25 G L2019 10 .04l .013  .003
cladle low brush '} L2 .23 .1 087 o422 .01
(4 m fa’l ht.) 50 G .39 .18 .09 040 .013  .003
¥ .39 .21 .14 085 .042 .01
75 G .36 .17 .09 .039 .012 .003
W .36 .20 .13 .083 .o41 .01l

1/ All values shown assume: (1) random distribution of mulch >r vegetation,
and (2) mulech of appreciadle depth where it exists.

_2/ Average fall height of waterdrops f{rom canopy to soil surfacei m = meters.

_'}_/ Portion of total-area surface that would be hidden from view by canopy in
a vertical projection, (a bird's-eye view).

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

W1 Cover at surface 1s mostly broadleaf herbaceous Plants (as weeds) with
little lateral-root network near the surface, and,/or undecayed residue.

11l

ERIC

Aruitoxt provided by Eic:



Bl

O

Table 2¢ - "C" Factors For Woodland
Forest
Stand Tree Canopy Litter "
Condition % of Area / % of Area 2/ Undergrowth 3/ Factor
Well Stocked 100-75 100-90 Managedi/ .001
Unmanagedl/ .003-,011
Med tum Stocked 70-40 85-75 Managed .002-,004
Unmanaged .01 -,04
Poorly Stocked 35-20 70-40 Managed .003-,009
Unmanaged .02 -.09 5/

_1_/ When trec canopy is less than 20%, the area will be considered as grass-
lana or cropland for estimating soill loss

3ee Table 2b.

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

3/ Undergrowth is defined as shrubs, weeds, grasses, vines, etc., on the

surface area not protected by forest litter.

openings.

9_/ Managed -- grazing and fires are controlled.

Usually found under canopy

Unmanaged -- stands that are overgrazed or subjected to repeated burming,

j/ For unmanaged woodland with litter cover of less than 7?36, 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 24 - "C" Factors For Different Kinus of Cround Cover (Mulch)
That May Be Used In Computing Soil losses Are:

T/Ac o

a, Straw or hay, tiled down by anchoring

or tracking equipment used across

slope 1.0 20
1.5 10
2.0 .05
4.0 .02
b. Woodchips 70 .08
12 0 05
25 0 02
c ¥ood cellulose fiber 2.0 .10
4. Fiverglass (1,000 lbs jac.) .05
e Asphalt emulston {1,250 gallons/ac ) .02
{. Crushed stone 60.0 17
135.0 .05
240.0 .02
¢. DBare areas -- 1.0
b Annual cover -- 015

e
L

1

o
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Rainfall ractors For Counties And Cities In Virginia

Rainfall Factor (R) = 125 Rainfall Factor (R) = 175
Highland Albemarle
Appomattox
Buckingham
Rainfall Factor (R} = 150 Campbell
Culpeper
Al leghany Cumberland
Amherst Faquier
Augusta Fluvanna
Bath Goochland
Bedford Henry
Bl and 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) = 2C0
lee
Loudoun Amelia
Montgomery Carolare
Page Charlotte
Patrick Fairfax
Pulaski Hanover
Roanoke Xang George
Rockbridge Lunenburg
Rockingham Nottoway
Russell powhatan
scott
Shenandoah
Smyth Rainfall Factor (R) = 225
Tazewell
Warren Chesterfield
Washington Henrico
wise Mecklenburg
Wythe New XKent

Richmond (City)

114
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Rainfall Factors For Counties And Cities In Virginia (Cont.)

Rainfall Factor ({R) = 250

Accomack
Brunswick
Charles City
Dinwiddie
Essex
Gloucester
Greensville
Xsle of Wight
King and Queen
Lancaster
Mathews
Middlesex
Northampton
Northumberland
Prince George
Richmond (Co.)
Southampton
Surry
Westmoreland
York

Ra:nfall Factor (R) = 300

Chesapeake
Hampton

James City
Newport News
Suffolk
Virginia Beach
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Erosion lndex Yalues For Annual Rainfall And Expected
Magnitudes Of Single-Storm EI Values At Key Locations

In Virg

inia

Average Protab

111ty

Annual One Year In

Single Storm Normally
Exceeded Once In

Location (Rr) 5 20 5 Yrs, 10 Yrs. 20 Yrs.
Richmond 225 275 361 86 102 125
Roanoke 150 176 237 L8 61 73
Lynchburg 175 232 324 66 83 103
¥ashington 200 250 336 86 108 136
Annual Distribution Of Rainfall-Eros.ion Index Factors
In Percent By Physlographic Areas
Coastal Plain Piedmont Mounta ins & Yalleys
Accunulative By Month [Accumulative By Month |Accumulative By Month

1/1 0 0 0

2/x 2 2 L [ 2 2
3/ 3 1 7 3 3 1
191 6 3 12 s 6 3
5/1 10 b 17 S 10 i
621 20 10 25 8 20 10
7/ 35 15 35 10 40 20
8/1 5 20 5 20 65 25
9/ 75 20 78 23 82 17
10/1 85 10 87 9 91 9
nAaA 92 7 92 5 95 b
2h W 5 97 5 96 1
1/1 100 3 100 3 100 N

3
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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 sublect to change as more informa-
tion becomes available. The soils indicated with an asterisk are either
flat flood plains and/or wet, and are not subject to erosion.

Soll Dept,h 'c npe
Abell 0-8 .28
8 - 4o .28
Lo - 60 43
Alamance 0 - U6 43 b
Albano*
Albemarle 0 -Ubs .37 4
Aldino 0- 1 43 3
W - 36 .37
36 - 60 37
Alglers*
Alleghany 0 - 65 .28 4
Alta 1sbal/ 0-12 .28 - .32 4
Y 12 - éO %‘#
Angie 0 - 60 .32 n
Appling l/ 0 - 10 .28 - .32 4
10 - 54 .28
ashe Y/ 0-130 2 2
Ashlax 0-18 L2 2
18 - 34 43

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

Athol 1/ 0-9 2 - "
8 - W 17
41 - 62 2

Atkins*

Atlee 0-9 .37 3
9 - 26 D7
% - 52 37

Augusta 0-9 U3 2
10 - 60 .37

Aura (see State)

Aycock 0 - 12 .37 4
12 - 80 43

Balle-

Bayboro*

Bed ington 0 -8 .32 4
B - Wb .28
L6 - 62 17

Beltsville 0-8 43 3
g - 25 .37
25 - 60 Iz

Belvolir 0-8 .32 3
8 - 20 .32
20 - 40 32

Benevola 0 -6 .32 3
b - U2 .28

Berks L/ 0-10 .28 3
10 - 26 .17
% - 33 17

l/ Channery, cherty, shaley, gravelly, flaggy, cobbly, rocky phases
in "k" value.

are reduced 1 class
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Soil Depth g e
Bermudian®
Bertie 0-9 .32 3
9 - 38 .32
38 - 60 17
Bibhbv*
Birdsboro 0 10 .28 4
10 - 46 .28
46 - 70 17
Bladen*
Bland L/ 0-3 43 2
3 30 Y
30 - 36 43
Bolton 0 - 11 .28 4
11 b2 .28
Bourne 0 12 43 3
12 - 28 L3
28 52 43
Bowmansville®
Braddock 0-8 .32 4
8 48 .28
L8 - 85 32
Brandy <ine 1/ 0~ 25 2 3
25 ~ L0 .37
Brays*
Brecknock &/ 0 - b 32 3
Bremo 0 9 32 2
9 17 .28
17 25 a7

_1/ Channery, cherty, shaley, gravelly, flaggy, cobbdly, rocky phases

are reduced 1 class in "¥™ value.
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Soil Depth K T
Brockroad 0-38 .32 4
8- 59 .32
59 - 70 .28
Bucks Y/ 0-21 .32 4
21 - 40 43
40 - 92 .28
Buncombe 0 -~ 60 17 5
Burketown 0 - 60 43 3
Burton o] 2 .15 2
21 - 28 .
Cahata 0 9 . 4
9 -5 .20
, - 80 24
Calverton o} 11 Y4 3
11 - 40 32
40 - 60 Y
Calvin 1/ 0-8 24 3-2
8 - 27 .28
27 - W .28
Cape Fear*
Captina L/ 0- 1 .37 3
Wo- 24 .32
24 - 60 .32
Carbo b4 0-6 Y 2
6 32 49
caraifs L/ 0 - 45 .28 3
Carol ine 0 -8 43 3
8 - 80 A3

y Channery, cherty, shaley, gravelly, flaggy, cobbly, rocky phases
value,

are reduced 1 class in

e
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Sell Lepth K T

Cartecay*

Catharpin o -8 N 4
2B A 32
(SR 32

catlett Y/ 9 -7 2 2
T -1 2
13 - 19 17

Satretin 0 -9 e 3
9 - I 8
2 - 28 2

tecsy Y 0-7 B TR P 4
7 - 50 08

Chagr in®

Chandler 0 - 195 <
L -3 BE)

Chastlan®

Chavies* 1J’

/

Cheater L/ 0 32 4.3
15 - 36 30
3 6, 3

Chesa la*

thithowte Y SN 2B 2
40y o8

Clarksburs, Y J -1z 3. AR 3-2
1. - U OB

Marksville J - 3 U A

Llifton - ah 4
RS O 3

1/ Charnery, her'y,

are reduced 1 ¢lda,s 0 "k

Ahiley, gravelly,
value

oo
[

flaggy, ~ btly, 1ocky phases



B-14

301l Depth K T
Clymer Q- 50 .8 3
Codorus 0 - 18 49 i

18 - 9 .37
- 60 L2
Colfax 0 - 11 37 4
11 - 30 3?7
30 - 60 'y
Conus®
Congaree*
Corydon 0 - 19 A3 2
Coxville* !
Cratgsville 0 -4 17 3
b - 27 17
27 - 60 17
Craven 0 - 11 N 3
11 -2 L3R
2l - 65 o8
Creedmoor )-8 .37 3
8 - 19 Y
19 - 96 . 3@
Cullen 0 -9 37 L-3
g - 50 .37
50 - 72 37
Cul pe per 0 -7 .37 A
7 - 3 o8
30 - 60 .17
Dangr tdge &/ 5 - 16 17 2
Davidson 2.7 .2 5
-1 L2
& - 83 Lol
53 -7 28

_1_/ Channery, cherty, shaley, sravelly, flaggy, cobbly, rocky phases
are reducea 1 class in "k" value,

122
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Soil Depth K v
Decatur 0-7 .32 5
7 20 32
20 - 72 .32
Dekalb 0 - b0 .2 3
Delanco 0-11 .28 4
11 32 .28
32 - 50 37
Dogue 0-9 .28 4
9 - U7 .28
47 60 .17
Dragston®
Drall 0 9 17 3
i 9 - 31 .17
31 - 58 17
Duffield L/ 0-10 .32 4
10 - 93 .28
53 - 58 .28
Dunar 0-8 .28 4
8 - 80 W24
Dunmore 0 11 37 4
11 60 32
Dunning*
Duplin 0-8 .32 3
8 - 80 .28
Durhan 0 16 .17 4
16 - 48 .20
48 - sb .32
Dyke 0-7 .32 4
? - 60 )

1/ Channery, cherty, shaley, gravelly, flaggy, cobbly, rocky phases
in "k" value.

are reduced 1 class
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B-16

Soil Depth K" T

Edneyville 0 10 .28 3
10 - 30 .28
30 - Lo 2

Edom 0-8 .28 3
8 3% .28
36 - b6 W17

Elbert*

Elteak Y/ 0 - 10 .32 b
10 33 .32

Bk V 0 - 1 .37 4
W - 60 .32

Elkton*

Elliber V/ 0 - 60 2 4

Elsinboro 1/ 0 - &0 .28 3

Enon 0-7 Y b4
7 - N .43

Ernest 1/ 0-8 32 3
8 -~ 60 .28

Eutenks 0 - 60 .32 4

Faceville o] S .28 5
5~ 60 .37

Fairfax 1/ 0-8 43 3
8 - 40 43
40 ~ 92 .28

Fallsington {see Lumber)

Fannin 0-~-7 Y 3
7 25 43
25 32 43

y Channery, cherty, shaley, gravelly, flaggy, cobbly, rocky phases

are reduced 1 class in "k" value
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B-17

So1l Depth K" T

Fauquier L/ 0-5 .28 - .32 4
5 - 60 43

Fle tcher 0-18 43 4
18 - 32 43

Fluvanna 0-8 32 - .37 3
8 - Ub 43
ué - 60 .28

Forestdale*

Fork 0-8 43 2
8 - 60 43

Frankstown &/ 0-8 .32 3
8 - 25 .28
25 - 60 .28

Frederick v 0-6 - 32 4
6 - 60 .28

Fuquay 0- 3 .70 5
W - 80 .20

Galestown 0- 50 .17 5

Genessee®

Georgeville 0-7 37 - 43 3
7 -3 A3
- b3 43

cilpin &/ 0 - 40 .28 3

Glenelg L/ 0- 24 32 3
24 - 60 43

Glenville Y 0- 24 .32 3
24 - 60 .37

Goldsboro 0- 15 .20 5
15 - 76 o

Goldston 0 - 25 .20 2

1/ Channery, cherty, shaley, gravelly, flaggy, cobbly, rocky phases
are reduced 1 class in

"k" value.



B-18

Soil Depth UK "

Goldvein 0 - 18 43 3
18 - 43 7
L3 - 53 32
53 - 80 .28

Granville 0 - 16 17 4
16 - 45 .20

Greendale 0 - 50 .32 5

Groseclose 0-9 .32 3
9 - 60 .32

Grovexr 0-~-9 .28 3
9 - 38 32

Guernsey 0 - 20 43 3
20 - 50 32

Gwinnett 0 -7 .28 L
7 - 35 28

Hagerstown L/ 0-8 .32 b
8 - 60 .32

Hartboxro*

Hayesville 0-5 .32 4
5 - 60 .28

Hayter 0-9 .20 - .28 L
9 - 50 .28
50 - 60 17

Hazel Y/ 0 - 30 .28 2

Helena 0 - 12 .37 3
12 - 19 .37
19 - 46 .32

Herndon c-9 .37 3
9 - 48 .37
ug - 68 W43

Hivassec 0-6 .32 b-5
& - 70 .28

y Channery, cherty, shaley, gravelly, flaggy, cobdly, rocky phases
are reduced 1 class in "k" value.
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Aruitoxt provided by Eic:

B-19

Soil Bepth "y e
Huntington*
Iredell 0 A 43 3
7 -2 .20
24 - 32 .28
Jefferson l/ 0 -8 .28 4
8 - 38 28
38 - 62 .28
Johns 0 -15 20 3
15 - 32 L2
32 - 60 .10
Kalmia l‘] 0 - 14 LA 4
W - 32 -
32 - 60 .10
Kelly 0-6 43 2
6 - 36 .37
36 - 45 .28
Kempsville 0-1 .28 4
11 - 53 43
53 - 90 17
Kenansville 0 - 22 .15 5
22 40 15
4o - 80 .10
Keyport (see Craven)
Kinkora*
Kingston*
Kle) 0 - 50 .17 S
Klinesville 0 5 .20 2
5-15 .28
15 - 19 .28
laidig vV 0-8 .28 b4
8 - 37 .28
37 - 80 17

l/ Channery, cherty, shaley, gravelly, flaggy, cobodbly, rocky phases

are reduced 1 class in "k value.
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B-20

Soil Depth K" T
Lakeland 0 90 17 5
Land Lstueg L/ 0 - 20 43 3

20 - 60 .32
Leetonia 0 -19 .17 3
20 Lsg 17
Legore &/ 0-10 2 3
10 - 24 .32
24 - 60 .24
Lehew 0 6 A7- 024 3
6 - 32 17
Lenoir 0-8 .37 3
8 - 75 .37
Leon*
Lewi sberry 0 - 12 .20 3
12 - 46 17
Lé 62 17
Lignun 0-5 43 2
5- 38 L3
38 - 72 L3
Linds ide*
tie VY 0 - 11 32 3
11 - 35 .32
Lobde 11*
Lodi 0-8 TRV 4
8 - 24 .28
24 - 60 .28
Loulsa 0 -4 24 2
b - 15 .24
Louisturg 0 -7 .20 2
7 -2 L2

l/ Channexy, cherty, shaley, gravelly, flaggy, cobbly, rocky phases

are reduced 1 class in "k" value.
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B-21

Soil Depth "y e

Lunbee*

Lunt 0-9 Yy 3
9 - 38 43
38 - 60 28

Lynchwurg 0-9 .20 4
9 - 72 .20

Madison L/ 0- 7 32 4
7 - W .32

Manassas 0 - 15 .32 4
15 - 60 .32

Manor 0 - 15 43 3
15 - 60 49

Mantachie®

Kanteo Y 0-5 8- 32 4
5- 15 .2

Marlboro 0-9 .20 4
9 - 72 20

Marr 0 - 12 32 3
12 - 50 32

Masada 1/ 0-9 .28 - 32 y
9 - 55 28
55 - 72 .28

Matapeake 0 - 55 32 3

Ma ttapex 0 - 50 .37 3

Mayodan 0 - 12 20 - .24 3
12 - &7 2k
L7 - 60 P

Meadowville l/ 0 - 13 .37 3
13 - 52 28

l/ Channery, cherty, shaley, gravelly, flaggy, codbbly, rocky phases
are reduced 1 class In "k’ value

——~
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Aruitoxt provided by Eic:

Soil Depth e npw

Mecklenurg 0-6 .32 18
6 - 60 .32

Melvin®

Molena 0 ? A7 5
7 51 .17
51 60 .15

Monongahe la 0 - 60 L3 3

Montalto iV 0 - bg .32 4
s - 60 L7

Mt. Alry 8 33 28 3

Murriil 0 - 15 L2 - 28 4
19 60 17
60 - 80 .28

Musk dngum 0 Lo .28 3

Myatt*

Myersville 0-6 32 U4
6 - 60 32

Nason 0 -8 .32 4
8 - 38 .28
38 - 50 L3

Needmore 0 -7 37 3
7 - L0 2

Norfolk 1/ 0-17 .28 5
17 - 80 s

Opequon l/ 0 20 L3 2

Orange 0 - 10 g 2
10 - 38 .28
38 - 58 43

l/ Crannery, cherty, shaley, gravelly, flaggy, cobbly, rocky phases

are reduced 1 class in "k" value.
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B~23
Soil Depth K" "T"

Orangeurg 0-7 L 5
7 - 60 .24

Othello*

Pacolet 0-6 L20 - 3
6 - 27 .28
27 - 42 .28

Pactolus*

Pamunkey 0 - 60 .28 4

Pedlar 0~ 10 .32 2
10 - 20 .32

Penn 0-8 .28- .32 3
8 - 23 .28
23 - 32 .28

Philo*

Pinkston 0-8 .32 2
8 -19 .32
19 - 30 24

Pisgah 0-8 .28 3
8 - 50 .28
50 - 60 37

Plummer* ’

Pocomoke*

Poindexter 0 - 4o .37 2

Pope*

Porters 0-7 . 2
7 - 28 2
28 - 42 .32

Portsmouth®

Pouncey*

1/ Channery, cherty, shaley, gravelly, flaggy, cobdbly, rocky phases

are reduced 1 class in "k" value.
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S011 Depth "K" "T
Purdy 0 - 50 43 3
Rabun 0-1 32 4

11 - 47 32
Rains*
Ramsey 0 - 20 17 1
Rapidan 0 - 48 32 4
Raritan 0-8 43 3
Ho- 50 o8
Readington 0-9 43 3
9 - 29 43
29 - 50 28
Riverview*
Roanoke*
Roherersvil e 0 - 135 .37 L
15 - 42 .37
Lz - &b 43
Rowland 0 - 10 43 4
10 - W 28
L - 60 .17
Rum ford 0 - 17 20 - 24 4
17 - 60 17
Rush town 0 - 50 17 4
Ruston 0-16 20- 24 3
14 - 41 32
41 - 47 .26
b7- 92 .32
Rutledge™

1/ Channery, cherty, staley, gravelly, flaggy, cobbly, rocky phases
are reduced 1 class in "k" value.
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B-25

Soil Depth K" e

Sassafras &/ 8- 17 .28 4
17 - 37 2
37 - 60 17

Sees 0 - 50 Y4 3

Sek 11 0 - 14 Y 2
1 - 38 .28

She locta 0 - 20 .28 A
20 - 60 .32

Starr 0-10 L2 4
10 - 60 28

State 0 - 60 28 4

Susquehanna 0-5 W17 - 43 3
5- 77 .32

Talladega 0-9 .28 2
9 - 22 .28

Tallapoose 0 -4 2 1
L - 10 .32
10 - 30 28

Tate 0-7 .28 4
7 - 46 .32
ub - 72 2k

Tatum 0-8 28 - .37 3-4
8 - 47 .28
47 - 60 L7

Te totim 0-8 .32 - .37 3
B - 48 .37
L8 - 80 .28

Thumont Y 0 -8 .32 L
8 - 48 .28
48 - 60 f“

U Channery, cherty, shaley, gravelly, flaggy, cobbly, rocky phases
are reduced { class in "k" value.
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Aruitoxt provided by Eic:

B-26

So1l Dopth g wpn
Toccoa®*
Toxaway*
Trego 0 - 11 43 3
1 - 36 .32
3% - 60 .28
Turdeville 0 10 28 - .32 2-3
10 - 72 .28
Tusquitese 0 - 10 L2 4
10 L8 .20
48 - 60 -l
Tygart 0-10 43 3
10 - 46 Y
u6 60 .32
Tyler 0-9 43 3
9 - 18 .37
18 - s .32
Ungers 0-8 .28 - .32 4
g - 4o .17
L0 - % .17
Unison 0-8 28 - .32 4
3 - 50 .28
50 - 72 .28
Upshur 0-7 43 3
7 - 42 .28
U2 73 .28
Yance 0-5 32 3
“ -2 37
23 - 60 .28
Vagrum 0 - 24 .15 b
24 75 .20
W hee#
Warners*®

1/ Channery, cherty, shaley, gravelly, flaggy, cobbly, rocky phases
are reduced 1 class in "k™ value,
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5011 bepth RS T

Watauga 0 -7 32 3
7 - 28 2
B 70 3?7

Watt 0 - 12 L3 3
2 - 26 JR

Weaver®

Wadowee [P N N
4 - 4y S8

Wehadkee®

Welkert y 0 - 18 28 2

Westmoreland 1/ 0 - A 3¢ - 37 b
R - 30 28
IR 17

Wostphalia Y/ 0 - 10 49 )
10 - 18 43
18 - 90 43

vhite Store 0 -6 4, 3
o - 40 3

- 1/ . \—Q '

¥hiteford 4/ 0 - 32 3 3

¥hitley Jo- 9 32 3
Q 3t W
Q) [e78 30

Wickhan J -7 ) 5
7. o M

¥ilkes Yoot H <
, 13 30
13 N Oh

Wond s towm [ o 4

1/ Thannery, cherty, hatey, wrav ily, fiadry,  oubly, rocky pases
are reduce; L lavs in "FT ovalue
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B-28

301l Depth K T

¥Yorsham*

York 0 - 12 32 3
12 - 2% 32
25 - 80 43

Zion 0-9 37 2
9 - 36 .28
W - Lo 17

NOTE: e classes of "K" factors used in Virginia are 17, .20, .2,

2B, 30, 37, 43, and 49,
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