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-PREF AC E-

The mission of this handbook is to serve as a guide to engi-
neers engaged in soil comservation work in the state of West Virginia.
In preparing the handbook, methods of erosion control developed by other
agencies currently engaged in similar activities, and believed applicable
to the problems encountered have been liberally drawn from.

A sincere effort has been made to acquaint the reader with the
more general aspeots of erosion control from an engineering standpoint
and to bring to mind the bechnical specifications of the many structures
developed to aid in conserving our soils. It should be clearly understood
with respect to dams and similar control struetures that these ars to be
regarded only as temporary aids in a process that has for its ultimate goal
s0il conservation through revegetation. Vegetative recovery must mark the
way towards permsnent control,

The pregent dearth of fundamental knowledge with respect to proper
ond complete methods of erosion control is keenly felt. It is realized thot
this handbook in many instances merely intimates a possible solubion. There
is still o vust amount of pioneering to be done before we can hope to lay
down rules acclaiming positive control, Unbtil such a time we can bubt try to
improve as we build. Criticisms and suggested improvements to the subject
matter of this publiecation will be welcomed. Much that is found herein will
be antedated as experisnce either proves or disproves present practice.

The writer takes pleasure in giving recognition to Mr. Harold C.
Hebb, Chief Forester; Mr. Boyd D. Gilbert, Chief Soils Expert; Mr. Ivan
MeEeever, Chisf Agronomist; Mr. Lowell A, Yost, Assistant Agricultural
Engineer; and Wr. James H. Lillard, Junior Soils Expert and Acting As=-
sistant Agricultural Engineer. These gentlemen have contributed their
time and obility to make this handbook pogsible. Credit is also due the
engincers from the E.C.W. Camps assigned to the Spencer project, They
gove helpful aossisbance eovering specificabions for erosion conbrol struc-
tures, Mr. Horold Me Rhodes, Engineer for Camp SCS-WVA-1 assembled these
specifications into final forms. The drawings for this handbook were
contributed by lir. Harold S, Romning, Chief Draftsman of the Spencer
project.

Hons G. Jepson,
Agsistant Agriculbural Fngineer,
Acting Chief IEnginecer.

Spencer, West Virginia
hpril, 1935
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CHAPTER 1

TOPOGRAFHY OF THE SPENCER PROJECT

The 152,000 acre Reedy Creek soil erusion control project lo-
cated in midwestern West Virginia comprises large portions of Roane and
Wirt counties and a small part of Wood County. The area is drained by
Reedy Creek, Spring Creek, and Tucker Creek. All three creeks empty into
the Little Kanawha River, which forms the north-eastern boundary of the
areas, Reedy Creek ~ the largest of the three streams - measures 32 miles
including its meanders. The rate of fall is about 3.7 feet per mile., The
wetershed drained is approximately 8,000 acres. Spring Creek, next in
size, is also %2 miles in length as measured by its meanders. Ilowsver,
its rate of fall is even greater than Reedy Creek, being L.1 fest to the
mile, The watershed approximates 57,000 acres. It might be of interest
to note that both Reedy Creck and Spring Creek have sufficient fall to in=
dicate that their channels are still cutting deeper. Tucker Creek = the
smallest of the group - has a length of about 11 miles along its meanders,
i1ts fall is well over 10 feet per mile., The drainage arca approaches 12,000
acres,

Spencer, Reedy, Elizabeth, and Palestine are the largsr towns within
the Project area. Spencer, the county seat of Rosne County, is the Project
headquarters,

The Reedy Creck area is a part of the Cumberland Allegheny plateau,
which oxtends all theo way across the state from the Appalachian mountains
to the Chio River. The land surface is rough and broken, with narrow ridges
and "V" sheped valleys. Tho crccks in this arca have eroded. dcop canyon-
like gorges with steep valley walls, These steep hilisides are well adapted
to grozing, but should not be tilled for grain and similar products that
require e¢xtensive cultivation. The ouberops of dark red shales produce a
fertile soil adapted to blue-grass. Whoen this cover of grass is replaced
by sultivated fields, washing results, and this together with Prequent slips
soon impoverishes the land, Much of the land now under cultivation should
never have been clearcd,

The climate is moderate, with an annual mecen temperature of 5l dem
groes F. The warmest month is July, and the coldest is January. Protracted
spells of uncomfortably warm woather are infrequent and cold poriods are of
short duration, Altermate freczing and thawing occurs in winter. The ero-
sion rosulting from such frost action is very cxcessive.

Average precipitation for the aren is approximately L3 inches, with
the highest average in July and the lowdst ik Novemhor, Snowfall occurs in
winter but the snow does not remain on the ground for any longth of time,
due to frequent thowing poriods. Elevation varies from 640 feet above mean
seq level where the Little Kanawhe River leaves the arca to approximately
1200 feet at the higher points,



CHAPTER II

ORGANIZATION AND PROCEDURE ON THE SPENCER PROJECT

The crosion control work of this projost consists of o complote
land utilization program dosigned to meet the nceds and rcequircments of
cach individual farm in the projeet area. Strip cropping, contour strip-
ping, crop rotation, stream control, gully control, reforcstation, pasture
moanagement, grass sceding, and obher metheds will be used to mcet the
particular problem of cach individual cooperating farm,

The work program is carried out jointly by the following technical
divisions: Soils Division, Erosion Specialist Division, Agronomy Division,
Forestry Division ond Enginecring Division. Division chidfs arc responsible
for corrying out the details of tho program for their partiecular division.
Another division - Oporotion and Maintcnance - is responsible for kecping
21l cquipment in good condition and for the delivery of all materials. An
Extension Division takes care of goneral publicity and dissemination of
informatione

The Regional Dircctor administers and dircets the entire soil
crosion preogram for the projeet while the Division Chiefs are responsible
for carrying ocut the details of the program for their particulor divisione

The general duties of the technical divisions are outlined below:
SCGILS DIVISION

The soils work of this project consists of classifying, designoting
and mopping soils and soil erosion conditions on the forms within the area
of the project, When such is required o generalized state soils survey is
also mode.

EROSION SPECTALIST DIVISION

The Erosion Speeialist Division is responsible for working out the
land utilization progrom for all forms in the arca that wish to coopcrate
with the 301l Conservation Sorviee., The land wbilizoation progrom includes
agronomy, forestry, and enginecoring. Howover, each separate phase of the
progrom rocelves the approval of the division chief in guestion.

After the land utilizabion program has beoen reviewed and spproved
by the technical divisions it is incorporated in the Cooperative Agreoment
made between the goverrment and the farmer.

AGRONOMY DIVISION
The agrenomic work consisbs of developing crop retations cnd strip
cropping plans which will tend to control erosion and build up the soil and
of outlining methods to be used in controlling wvarious forms of erosion on
the different kinds of soils. The Agronomy Pivision is responsible for the
procurcment and utilization of limec, fertilizer, ond agricultural seeds used
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on the project. The division also has charge of photographic work,
FORESTRY DIVISION

Forestry work on this projeet consists of the planting of suitable
and desirablc species of trees and shrubbery on suiteble arocas and the
protection and proper cultivation of arces alrcady in forest or semi=forest
conditions Studics arc carriéd out in forest research, proper community
forest management, secd production and forest nursery cultivobion,

The Division is also responsible for woodlot managemenk, game
conscrvation and the collection of meboorological data.

Roforestation of suitoble arcas is o vitol part of erosion control
on this projeet,

ENGINEERING DIVISION

The dircet relationship of engincering work %o soil crosion control
on this projoct comsists moinly in the construction of gully control struce
turcs such as roek, brush, log, stake, wirc, sod, stopper, and bag dams;
rock ond brush overfalls; brush or straw matbing and stripping; diversion
ditches and outlots; rebaining walls; teorraces and terrace outlotsy ro-
votments, levees, jettics and wing dums; bank protoetion; conerche, masonry,
and carth dams wherc more permancnt structurcs are desired. Terracing and
strecam  control are wmdortoken to a limited oxtent on this projcct.

The Engincering Division is respomsible for the design, cone
struction, and maintenance of roads, bridges and buildings nceded on the
projects Ixperimeontal studics deoling with runoff, silt goging and stroam
gaging are carried oub. The feneing, planting and secding of croded arcas
adjacent to or surrounding control structurcs comes under the jurisdiction
of the Engincering Divisione. Assistance is given $o the cooperators in
degigning and loying oub wmbter reserveirs, in land reclomation through
drainage, in the improvoment of springs, and in location of farm roads to
minimize erosions All contour stripping and furrowing is staked out by
the eongincers,

The Enginecring Division is furbher chargod with all drafting and
mapping work rcguired with the excoption of the mapping carried on by the
Soils Division,.

The accompanying chart, page 9, will indicatc more graphically the
sct=up of thc 3.C.8, organization.



Organization Of

PROJECT NO.13

SPENCER, W. VA.

REGIONAL
DIRECTOR

ASSISTANT REGIONAL DIRECTOR |

TECHNICAL GENERAL
1 Fe : | Erosion [lAgricuitural . Operation | .
orestry [{ Soils Agronomy|l soocialist IERgineering Fiscal Mai:{:a?\ame Extension

It is Inperative That All Procedure Be Routed Through Proper Channels

Prasect (3 Eng Div.
I

1 Ty



CHAPTIER III
RETLATION OF TH® SOIL CONSERVATION SERVICE TO THE ECW.

The So0il Conservaetion Service is responsible for developing msthods
of erosion control and effectively demonstrating their uses, This means
that all available data and the ideas of trained experts must be coordinated
into the best possible plan of land use. The plan must then be put into
sffeet in cooperation with the land owners.

The establishment of an effective erosion control program of any
size invelves & tremendous amount of labor. This was one of the important
problems that had to be sclved immediately after organizing the several
control projects established. Fortunately, the ECW organization was sble
to assist in solving this problem. The ECW organization and lsbor have
rmade possible the construction of check dams, diversion ditches and
terraces, the correction of stream channels, reforestation, timber stand
improvement, and the production of agricultural lime on a scale that would
have otherwise been impossible., The establishment of the forest nursery
at Reedy will make possible.the production of forest-planting stock on &
large scale for future reforestation., Truly the g‘aniza.‘bion has in
its relationship with the Soil Conservation Service, put into effect the
aims, ideals, and purposes-of its Founders Which are:

"The building of men and the restoration of confidence."
"Help to protect, develop, snd perpetuste existing forests."
"Help to prevent Soil Erosion."”

"Help to establish new and re-esteblish old forests,"

ECW aectivities in West Virginia are directed by a State Co~
ordinator who in %turn is respomsible to the Regional ECW office. The
regicn comprises several states. The ECW camps assigned to the Soil
Censervation Service are utilized by it in the control program. The
work program is formulated by SCS technicians and through the state co-
ordinator is turned over to the camp superintendent whe is responsible
for its completion. All teohnieal SCS men attached to a camp are subject
to its regulations while there.

in answer to & question fregquently asked as to what connection the
Army has with the ECW organizetion it may briefly be stated that the Army
clothes, feeds, and houses the men. The ECW persomnel tekes charge of the
men during work hours., Discipline of the men while at camp is, of course,
the responsibility of the Army.

An orpganization chart (chart 2, page 11) is ineluded to indicate
channels of authority. It is imperative to the success of the entire
program that routed procedure be followed at all times.
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CHAPTER IV
S0ILS AND TOPOGRAPHY IN THEIR RELATION TO EROSION

The outer portion of the earth is covered with a thin, disintegrated
layer known as soil whieh has been formed by decomposition brought about
through the action of climatic forces. It is the medium with which we must
deal in all of our erosion control practices and therefore warrants careful
consideration and intense study. Soils having similar climatic, geologic,
and profile developments constitute a division known as soil series. The
subdivision of the series on the basis of the texture of the surface layer
gives the final division called a soil type. Many of the soil series are
characteristio of definite geclogical positions which is not true for the
different soil types. Bach soil series offers its own complex problems in
erosion eontrol., A great number of series may be closely related in their
resistance or susceptibility to erosiem but upon careful examination indi-
vidual characteristies can be determined which warrant consideration in
ercgion control programs. These characteristics are brought about by many
factors, chief among which are physical structure, geological posibtioen,
texture, chemical composition, vegetative covering, and derivation,

Experience with different soils has very definitely proven that
texture has an important influence on the development of both sheet and
gully erosicn. A sandy soil absorbs water rapidly thus reducing the per-
centage of runoff to a figure materially lower than for the heavier textured
soils which always have low absorbtive capacities. This fact is very
important because the bulk of West Virginia scils are silt or silty clay
loams and are, therefore, very susceptible to severe washing. Another
very important factor directly affecting the development of erosion is
topography. The stesper the slope the greater is the erosive action of
the water. When the slope is increased four times the veloecity of the
water is approximately doubled and its carrying capacity theoretically
increased 6l times, However, according to the best available data, the
relation between slope and erosion does not follow any definite dynamic
law. The mulSiplicity of ever present wvariables in the soils prevents
any such relation. AL present it is believed that both the type of
vegetative cover and the physical characteristics of the soil have a
greater influence on erosion than slope. Since the effect of slope
cannot be materially altered by humen efforts, it becomes necessary to
concentrate on the development of a desirable vegetative cover wherever
possible.

The inherent structure and consistency variations within a soil
type noticeably affeset the rate of absorption and runoff. The materials
of highly weathered soils do not go into solution as rapidly as materials
of the less oxidized soils. The different horizons of the disintegrated
soil materials usually react very differently to the same erosional
influences. For this reason careful consideration should be given to the
depth of gullies when designing erosion control methods. Gullies which
have not developed deep snough to reach the poront material (C-horizon)
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usually cut through the ccompact subsgoil layer in a V-ghape. It is in

this sbage of development that erosion control measures can be uscd most
effectively for complete reclamation or gbabilization. The physical
strueture and chemical compositien of the soill to such a depth is usually
good enough to support vegetation and also to sccurely anchor the necessary
engineering structures. If the gully has penetrated through the subsoil
inte the layor of parent material the crosion econtrol problem becomes more
complete. The channel is uswally developed in a U shape., The loose,
partially decomposed, material of this layer (C-horizon) washes readily.
The gullies grow in width, dopth and lengbth very rapidly, with the valuable
upper layers (A & B horizons) continuslly being undermined and caving in,
This cubtting away of valuable lunds constitubes & vital factor for con-
sideration and study.

Engineering structurcs must be carefully designed and constructed
il they are to accomplish their purpose when subjocted to all the different
crosive reactions of the cntire soil profile. In most soils the surface
s0il or A~horizon is of a coarser texture, is less compact, and has a more
desirable physical structurc and chemical composition thon have the under~
lying layers. These conditions bring about a greater absorptive capacibty
which makes it nceessary to determine the amount and condition of the
remaining surface soil in studying rate of runoff prior to the design of
conbrol measures. Tho subsoil (B horizon) is fincr texbured, morc compact,
and thus more impervious than is the surface seoil., Gullies usually develop
slowly while cutting through this strota. Observation seems to indicate
that sueh gullies inercasc in depth mueh fasgter than in width,

The subsoil layer varies in depth from about 2 %o & feet depending
upon the soil serics, Immcdiabtely beneath it is the layer of parent
material which as already pointed out, is exbremely erosive. It represonts
an intermediary condition between unweathered rocks and shales and com-
pletely deceomposced soil motorial. The physical structure and chemical
composition of suech material is very ocor so that 1ittle or no plant growth
can be gupported, EBngincering structurcs must be desipgnod and constructed
with great care or thoy will fail through undermining and bank ecaving.

Mony of the problems encounterod lic almost wholly outside the
scope of presont day knowledge. Very litdle exporimental data is available
on the relative erosiveness of the different soil types and series or the
individual propertics infliuoncing the runoff and absorptive qualities of
cach, These factors are now heing studied at the different Soil Erosion
Experiment Stations under the direction of the U. 8., Department of Agri-
cultures, The studies, however, are new and necessarily limited to small
exporimental arcas. They must be supplemented by information securcd in
the field. It appears that the only foir and equitoble bosis on whieh to
compare the crosive qualities of the different soil scries is to seb up
standard conditions of oceccurrencc and distribution for each series rather
than compare all series to a single gsbandard. Sueh o comparison is of



greater practical value becausc it recognizes the many conditions
peculiar to the different soils. For example, one series may be
less erosive than another because of its inhorent fertility and
ability to mainbain a desirable physieal structurc while another
series may be less erosive becausc of the nature of the parent
moterial from which it is derived. An almost unlimited nwmber of
factors hove contributed their influence to the establishment of
existing ficld conditions of the many different soils. It ovolves
upon us to study and isolate the dominant factors in o concerted
cffort to devise the best methods of erosion control and soil consers
vation.

The cngineer must fomiliarizo himself with the various soil
types and through an understanding of their complexities must be
continually on the alert to pick out practical methods of control
whercvor mechanienl deviees appear necessary. A keoy to the various
goils hos beon included in this discussion with the inkention that
the cngincer acquaint himself with it sufficiently to cnable him to
identify the morc common soilss Tho key will be found under Chapter VI,
It connot be omphasized too strongly that as time goes on we are finding
morc and more that the various soil typos vitally affeet the kind of
structure to be placed as a measurce in crosion control. We are con-
tinually finding that critienl scouring and sodimentation wvelocitics
deviate sharply from 2 mecan. To moake gonoraligod assumptions is therce
fore dongerous. Many yoars of cxperimental work are requircd before
definite conclusions can be gleaned from the rcsults of the various
erogion control methods put into practice.
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CHAPTER V
SOIL ENGINSERING

The soils of Wost Virginia lic almost complotely within the
Appalochian Mountain Plateau Provinece. The only exception is o small
arca {Shenandooh Vallcy Area) in the eastern ponhondle which lies in
the limestonce velley and upland Province. The goologieal origin of
these soils is mainly sandstone and shale, with occasional beds of
limestone throughout the State. Wost Virginiafs topography, being
typical of the Appalachion region, is very rough and broken and only
in a fow instonces do the ridges broaden out into o plateau. Most of
the valleys are V-shaped with little or no bottom lond.

In the design and application of o comprchensive soil crosion
control program it is imporative that consideration ond study be devobed
to crogsion on different soils and slopes. The soils and slopes found
within the Reedy Creck crosion control project represent, with few
oxcoptions, the predominating soils and topography of West Virginia.

The Shemandoah Valley scetion in the castern panhandle is the most
notable execpbtions In this arca limestone is the geologic origin of
the soil.

5CS Project #13 reproscnts the first concerted effort to curb
crosion on Wost Virginia soils. As yet little is known of many of the
problems cneowntorced, still, onough informotion has been goinod bo indie
eate a real boginning in soil erosion investigations. It is believed
advisable to prescnt for further consideration and study the wvarious
factors which have monifested themselves as crosion control work pro-
gressed on the different soils ond sleposs These relations will be
discussed from the vicwpoint of stote~-wide applieation inscfar as it
is practieal with the limited data awailable,

One of thc most important soils of the state is the Meigs sorics.
It occupies morc than 60% of the Projoet area and is the predominating
s0il of the western onc~third of the statec. Typieally, it occupics po-
sitions of rather stecp topography but frogquently it is found in arcas
lcss stocps Meigs soils arc rather suscopbible to erosion and whorever
they arc found a definite erosion combtrol problem oxisbs. Scveral factors
arc rcsponsible for such conditions, chief among which are slope, vegetative
cover, and physical structure., Agrieulturally, Mcigs soils are important
and considercd to have medium to high fortility. EHowever, in many cases
the physical structure hos been badly broken down through lcaching of the
plant nutricnts brought about by poor farming practices. Oncc this con~
dition is rcached scvere gullying develops onlmost immediately becouse the
alternate layers of red and gray shales orode very rapidly. In developing
crosion control methods for Meigs soils the following facts should be
borne in mind:
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1+ A dosirable physical structure oon be developed by propcr
forming mcthods.

2. The layors of red shalc in the subsoil are usually calearcous
and thus arc conducive to successful gully plantings.

34 Whore gullics have developed into the C-horizon it is nocossary
to cxtond the enginecering structures well inbo the banks ond bottom of the
gully in order o prevent failure.

Soils of the Dekalb sories occupy approximctely onc-fifth of the
Recedy Creok Project Arce. and arc widely distribubcd throughout the State.
These soils arc importont probably morc because of their oxtensive distri-
bution than beeause of their agricultural walue for they arc of low
fortility. They occupy positions of topography from slightly rolling to
oxeessively steep with vory rough and stony arcas prevolent. Erosion on
tho Dekalb series varics from slight to complete destruction. Under
reasonable carc and monagement the A and B horizons are not excessivoly
crosive and with the application of proper farming practices o desirable
physical structure and vogetative cover can be fairly successfully
mainbained on arcas which arc not too severely eroded. Gullies start
guickly on arcas which have suffercd severs shect crosion probably due
to the deercase in absorptive capacity through the loss of loosc surface
soil. Shallow gullies (in A and B horizons)} can usuwally be casily and
successfully conbrolled, beeause the soil to such a depth is fertile
enough to support vegetative growth os well as to properly anchor the
engincoring strusturos.

Decp gullics if Dekalb soils proscnt o complox problems The
C-horizon or parcnt matorial laycer is composod of loose, disintograted
and partially decomposed shalos with occosional mixturcs of sandstones.
Practically all elemonts nccossary for plant grogeh arc lacking. In
this layor crosion develops very rapidly and gullics grow in width,
depth, and longbh with cach rain. Whon the base is broadencd by lateral
washing the result is groat loss of waluable soil from the upper layers
through bank cavings. In designing ongineoring structures for such soils
the following points should bce bornc in minds

1. Dckalb soils have o fairly low inhcrent fertility.

2. It is cxbremcly diffioult to cstabllsh vegotation on gullics
cxtending inte the C-horizon.

%. Becousc of the poor physical structure and lack of cohesion
of the material of the C-~horizon it is very difficult to safely anchor
engincering structuros,

The Brooke Clay Loam is o limestone soil of high inhoront
fertility. It occupics positions on ridge tops in the northwestern pard
of the arca. It hos alsc been mappod in small arcas widely distribubed
over the northwestern part of the state, The topography of this soil
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generally is not cxcessively stoep. It is relatively flat and scldom
extends far dowm the hillsides. In most cases it has been subjected to
fairly good farming practices and thus has been able to maintoin its
high fortility and desirable physical structure. Conscquently, in most
areas crosion hos not developed to such devastating stagess Ocecasional
gullics have developed in sections, gonerally as & result of over
cultivation, In such cascs enginecring strucbures can be very success-
fully uscd in cooperation with tho planting of proper vegetation for
effective crosion control.

The Westmoreland soils arc rather important in Wost Virginia and
occur in almost cvery place wherc limestone exists. They are important
agriculturally beecausc of their fertility and workability. Their te-
pography is variable with some areas gently rolling and others cxcessively
steop.  Practically all of the smoother areas are intensively farmed, Ero-
sion is usunlly moderate although severe erogion is rnot uncemmon. The
prescnce of the innor hedded laycrs of shale gives the soil a particular
structure which is more suscepbiblc to crosion than soils derived wholly
from limestone. Occasional gullies arce characteristic of this sorics
but it is generally possible to establish an offoctive cover of vegebation
on them with the aid of properly designed enginccring structures.

The Belment silty clay loam occurs in conjunction with Brooke
and Westmorcland in most of the limestone scetions. It cannot be con-
sidercd o vory important soil beecause it occurs only in small arcas.

Its topography is usually rather stoecp with very fow arcas smooth enosugh
for cultivation, It has o low obsorpbive capacity and does not have as

good physical strueture as the other limcstone influenced soils. After

the A-horizon is lost throwgh orosion, gullics immediately develop. Onc
of the main feebors influcneing their development is the layer or layers
of red eanlcarsous shale which usually occur in the B-horizon. The soil

is feirly productive in the fow arcas which arc adapted te cultivntion.

In such instances ongincering structurcs can be effeotively uscd.

The Hagorstown and Frederick serics arc among the most valuable
agricultural soils of the State. They are dorived wholly from limestone
and arc materially fortilcs They ocour mainly in the oastern panhandle
and in countics nlong the eastern and southeastcrn border of the statc.
Neither of them arc found within the present Projcet Aren, Their to-
pography is usually favorablc for cultivation or pasture and as o result
probably the most intensive farming of West Virginia occurs on them,
Aceording to a recent recomnaissance erosion survoy of the serics, cro-
slon varies from slight to moderate and occasionally to severe. Intensive
cropping and poor farming proctices have influenced the vegotative cover
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oand also the physioal structure of the soil, In dosigning crosion
control mothods for sueh soils the eugineer should consider the folw
lowing points:

ls They arc omong the most productive soils of West Virginia.

2« Their physical structure and chemical compesition are both
favorable for effoctive cresion control meosuros.

The Franktovn soils are found only in the easbtern panhandle of
the Stave. Their topography is voriable but generally is smooth enough
for sotisfactory cultiwations. Although Prankbtown soils are not extonsively
distributed they are importont becouse of their productivencss and wide
range of workability. The physical struechbure and chemical composition
is vory similar to thot of the Hagerstown and Froderick series. Gener-
ally the crosion is modorate with occasionnl areas of severc washing and
gullics. Erosion coutrol mothods developed for the Hogerstown and
Froderick soils should prove sotisfactory in most ccses for the Frankbowm
s0ils, :

The Dovabur soils ocour in small areas in Jefforson County. They
posscss a stato of high fertility as well as a fairly smooth bopography,
s0 crosion is not very sorious in most coses. In cases where erosion
control structurcs ore needed those designed for the other morc fertile
limestonc soils can be satisfactorily used.

Undoubtedly the most crosive soil in West Virginia is tho Upshur
series. It is rarely or never found in the wmeroded state beenusc its
heavy texburc and narrow ronge of workability is alwoys conducive to
severc crosion. The Upshur Clay occurs in small areas throughout the
Project whorever deposits of red calcarcous shale have been formed in
appreciable quantities. The deposits ococur mainly in Jackson, Clay,
and Braxton countics togethor with o fow scatbored areas throughout the
State. The topography of the soils is seldom cxcessively sbocpe. Usually
they occupy positions on hillbops or rolling shelf lands. Many aroas
have heen completely covercd by landslide of sandstone and shaly moterials.

Upshur soils are productive but cultivobtion is very daifficult duwe
to their norrow range of workabilitys. Thoy are extremely tenncious and
bake very readily whon exposed to o hot sun, Such physical propertics
favor low absorption and excossive runoff. Every effort should be made
to maintain o desirable wegetative or forest cover on soils of this nature
by introducing well planned farming proctices, Mony creas have alrcady
becn sevorely domaged, and in mony cascs desbroyod, by gullies resulting
through poor land uscs Such gullies can be controlled best by properly
designed engineering structures supplemented by sufficiont bank sloping,
sceding and planting. In designing such structuros, the engincor must
boar in mind the inhcrent susceptibility of such heavy textured soils to
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scverc washing., The partially decomposcd red shale found in the C-
horizon {thrco to four fect below the surface) offors little resistanco
to orosion, conscquently structurcs arc likely to fail if thoy are nob
carcfully constructed.

Another soil similar to the Upshur is the Lehow series. It
occurs only in small areas in West Virginia, usually in association with
Moigs or Upshur, Sandstone has influcnced its formation ond, hencc, it
possesses o broader range of workability than the Upshur soils but is
lcss fertile, The continucd cultivation of mest Lehew arcas has resultod
in rather severo soil losscs with gullying developed to warying cxtents
in mony arcas. Generally the topography of the Lehow series is not very
stoep, as it is found mostly on hilltops, and occasionally on the smoother
beneh formotions found on many hillsidos. Most Lohew soils arc cither in
cultivation or in pasburc and aro woluable from an agricultural viowpoint,
Engincering structures can justifiably be used on such arca.

The Berk soils found in the easborn panhandle and the Tilsit
sories ocourring in scveral countios along the castorn border of the
statc are rolatively poor agricultural soils. They occupy unduloting
to rolling topography but their low productivity provents them from
being considercd among the importent soils of West Virginia., The
relatively smooth topography occupicd by those soils is probably their
groatost proteetive factor against orosion, Most of the arcas have
suffered only moderate losses from washing oven though the vegetative
cover is thin and of poor quality. It is belioved that erosion on the
Berk and Tilsit sorics can bc cffcetively controllcd by proper land
ubilization, aided by necessary ongincering structures. It must be
remombered thot thosc soils have o low agricultural valuc and should be
treated with the most cconomical mcthods of erosion control possible.

Tho stcep and broken topography of West Virginia hos promoted
apprecioble colluvial deposibions along the bascs of many of the higher
hills. Thesc dcposibions arc gemcrally fertile, sspecially where the
maborial hos como from hillsides that were not slroady sovorely oroded,
In most casos the crosion has been nogligible but occasionally gullice
have dovoloped to 2 depth of soveral feot. Those should and can be
conbrolled by cngincering structurcs and plantings.,

West Virginia cmbodics large arcas of strecam bterrace or sccond=
bottom land., Such soils are wateor-deposited and occur on rccent overs
flow (sccond botbom) lands along all the larger streams of the sbate,
They constitute an appreciable perecntoge of the cultivatablc land of
this region.

The morc widely distributed alluvial soils arc the Tyler and
Holston serics, Thoy oceur along strcams which have roccived their
wash from sandstone arcoas. Like obther water doposited soils, they wero
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originally laid down on level torrace formations. Many of these terraces
hove been so badly broken up by severe erosion that is is sometimes hard
to reeognize the present topography as being remmants of stream terraoces.
The soils are generally infertile due to over-cropping without the appli-
cation of soil troatmentsi Such praetices have resulted in an umfavorable
chemieal composition and a physieal structurs whiech is o ready prey for
the dewvastating aection of runoff water. When subjected to o correct system
of ferming, stream terrace scils will improve to a fair state of produc=-
tivity. This faector, along with favorable topography, make such soils
valuable to the farmers. The physical and geological nature of sceond
bottom soils lend themselves to the application of diversifiecd erosion
control methods, Many areas are adapbed to strip eropping and terraecing
proctices, Othors require gully structures ond diversion diteches while
still others ean be successfully controlled by contour forming alone.

Other stream terrace soils whieh have been mapped in West Vir-
ginio are the Monongalin, Wheoling, and Elk sories which in most respects
are similor in both chomieol and physiecal characteristios to the Tyler
ond Holston serios alroady discusseds The same general plan of erosion
control should prowve satisfactory for thom,

Mogt of the stroams of West Virginia arc subjoet to overflow
during hoavy roins, Those flood pleins or first bottoms wory in width
from a few feoot to rather broad cultivatable fields: The prineipnl soils
scrios oecupying such positions are Pope, Moshannon, Hunbingbon, Adkins,
und Holly. Thoso soils gonorally do not present a sorious crosion control
problem becenuse tho dopositions reccived from flood wnter cqunls ony
crosion which may toke plance. Drainage moy beeome o problem howover,
boeause of flat slopes of the terroccs. When it is necossary for the
farmer to wtilize 2ll awailable bobbom land for inbensive crop production
it is often justifiable to drain sueh arcas in ordor that steeoper land
can be rebired from cultivetion,

A number of othor soll scries hove been mapped in West Virginia
but they are not of sufficient extont or importonce to warrant a lengthy
discussion hero, Erosion control mecthods dovised for soils of similar
characteristics should sufficc,

The discussion of Wost Virginic soils is given to acquaint
ficld cagincers with the individunl characberistics of the more ime
porbant soil types and serics. It 1s important that thesge different
gualitics be corcfully studied in any well developed crogion confrol
program. Their existonce is cvidont but the oxtent of their influences
in any dircebion is reclatively unkmown. Definite methods for measuring
and conbrolling such factors must bo dovised by cnginecrs in the field.

There has boen includod o groph showing perecent slopc and pereont
crosion distribubion on Project #13. (Chart #3, page 23)., Both ourves
have boen plotted on the same sheet to indisate how oloscly percent of
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crosion parallels percent slopee Surface soil cspeeially shows o high
rate of crosion wherc slopo is ¢xecssives Once the gwbsurface strata
is reoched we find cxcessive erosion occeurring ovon on rolatively flat
slopose The steop slopes occurring on Project #13 arc very apparent
from the graph. For instonce we note that on 28% of the arca we have
25% slopos and approximtoly 30% of tho surfacc soil gone.

In West Virginio there has boon observed a type of crosion which,
it is felb, justifies o distinet classificotion. Its effceds are vory
insidious nnd widespread. We have termed it subsurfacc erosion becausec
of its characheristics. It is provalent on steep slopes and on benches
below such slopesg, which indicatces that sceping wabter channcls bencath
the surface of the soil cubbing oub wvoribtable gulliocs which later cave
ine These gullies may bake yoars to form ond moy be of great magnitude
beforo their existenee is oven suspocted. In time they evolve into open
gullics, sometimes overnight. Stock will froquently break through their
thin covering of socil. Uherce an impervious strata of rock or soil occurs
ncar the soil surface we sometimcs have subsurface srosion in the form of
shect washing which ultimately results in a slip. Little as yet is knowm
of this type of erosion.

The accelerated crosion resulting from the nction of waker in
West Virginia may be elassificd os follows:

l. Bhcet Erosion
(1) Modorate (almost imperceptiblc)
(2) Scvore
{2} Pockets {Evidont along crest of beneches)
(v) Galled arocas
(¢} Slips

Il. Gully Erosion
(l) Hond crosion {active sating back of gullics)
(2) Chonnel crosion {primory gullios)
(3) Latoral erosion {sccondary gullics may bocome primary)

IIT. Bubsurfaco orosion
{1) Chammel
(2) Shoet

) The nomencloture uscd is sclfwoxplanatory so will not be tokon
up in detail.
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CHAFLER VI

WEST VIRGINIA SOILS KEY

Section I: SOILS OF REEDY CREEX SOIL EROSIQN CONTROL PROJECT #13

I UFLAWD S0ILS

A, Wixed red and gray land -- Meigs,

Meigs Clay Loam

The surface soil is light grayishebrovm, silty clay loom, 2 to
5 inches deep.

The subsoil is yellowish-brown clay loam extending into red clay.

Derived from sandstones, sandy shales, and red shale, usunlly
calearcous.

Fairly producti&e and ore of the most important agricultural
soils of the statbe.

Compriscs about 53,000 aeres, or 34.7% of the total project ares,
scattersed throughout the area. Fifty~one percent (51%) of it is on 25-
110% slopes, and 68% has lost 25«75% of the surface soils

Oceurs in all counties in western poart of state and in small
areas in nll othsr sandsbons aud shale sechions.

Meigs Stony Loam

Surface soil is dark grayish-brown to brown loam or silty loam
2 to 5 inches deepe.

Subgoil is yellowish~brown tc reddish~browm cloy loom.

Derived from sandstones, sondy shalos and red (ealearsous) shole,
mixed by slipping and sliding on hillsidcs.



Comprises about ;7,000 acres, or 30.8% of the Projeet aren, wide-
sproad over the aren,

Low agricultural value duec to rough and sbony topography.

Forty-three percent (L3%) of Meigs stony loam occurs on 25~L0%
slopes and L2% on LO% slopes. 70% has lost 25-755% of its surface soil.

Occurs in association with Meigs clay loam.
B. Gray sandstonoe and shales =-- Dekolb,

Dekalb 8ilt Loam

Surface goil is grayich browun or yellowigh gray silt loam % €o
6 inches deep.

Subsoil ig browmish-ycllow heavy silt loam, exbtending into clay
or clay lonm. '

Derived rrom sandstone, sandy shale, and soft gray shale of non-
calefrcous mature.

Noturally not o strong soil but rother importont because of wide
distribution.

liost frequently occupies hillbops and ridge-tops, exbending down
the sides, widozpread over the ares. Comprises aboub 20,000 aeres or
13,14 of the arca. Forty-cne porcent (L1%) oceurs on 25-40% slopes, 6L%
hng lost 25«75% of its topsoil,

Oecurs muinly in central and soubthern counties but appreeiable
greos are found throughout the state.

Dekalb Stony 31ilt Loam

Surface soll i yellowish-gray or grayishebrown silty loam from
-2 te 5 inches decp.

Subsoil is ycllowish-brown to yellow, slightly compaet, heavy
loam to elay loam,

Has low agricultural valuc.



Derived from sandstones, sandy shales, and soft gray sholes.
Quanbitics of angular sbones lie on the surfoce and in the soil mass.
Comprises about 4,000 acrcs or 2.6% of the Project area, Thirty~five
percent (35%) is on 25-40% slopes, 51% on LO% slopes; 70% is in 25=
75% erosion class.

Found 'in associntion with Dekald silt loom.

Dckalb Stony Sandy Loam

Normally the Deknlb stony, sandy loam has o light yollow or
yollowish-gray sandy loam surfacc soil about & inchcs deep. Erosion
has removed all but 1 to L4 inches of the surface soil as it is now
mappeds The subsoil is lemon=yellow sandy loam to the full depth of
the soil mass. Angular sandstone frogments in numbers sufficient to
interfere with cultivation, lie scattered on the surface and in the
5011 mass.e

Has low agricultural wvaluc.

Derived from sandstones, sandy shalos, and soft gray shales
of non-calcareous noture.

Found in association with other Dckalb soils.

Dellb Sandy Loam

The surface soil is light gray to yellowish-gray sandy loam 1
to L inches deop. When uncroded it should be at least 6 inches doep.
The subsoil is lomon~yellow sandy loam to the full depth of tho soil
misSe

This soil is similar to the Dekalb stony sandy loom except that
stones in the soil moss are not numerous enough to interferc with culbi-

votion,

Noturally of low fertility but rosponds to treatment.

It is widospread bub mostly confined to the southern part of the
Projoct arca, comprising about 3,600 acres or 2.4%. Forty percent (LO%)
of it is on 25-140% slopos, 30% on LO%4 slopes, 70% is in 25-75% orosion

clags and 25% has lost over 75% of its topsoil.

Found in association with other Dekalb Soils.
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C. Limcstone, grayland -- Brooko.

Brooke Clay Loam

All of the Brooke ¢lay loam within the Reody Creck Project arca
hes becen cleared of timber, so that no true profile is available. It
is probable that the A horizon may hawve boen at least 10 inches doep in
the vneroded: state, Tho surfacc s0il 'now consists of L' 406 inches of
dark browmn or dark grayish~brovm clay loam or silty loam containing o
considorable quoantity of orgonic mattor, The subszoil to a depth of 2
foot is chocolate brown, hoavy silty, cloy loam to clay, lightoer in
eolor, and more compact than the surface. This, in turn, is underlain
by olive-gray plastic, tonaccous clay,

Derived conbirely from limestone weathered in ploce.
Possesses high inhorent fertility.

The Brooke clay loam is confined to a smoll arca, about 1,800
acres or 142% of the total Projoct arcn, in the northwestern part. Fifty
five porcent (55%) of it is on 12-25% slopes, 25% on 25-10% slopes, @7
has lost loss than 25% of topsoil and 3L4% is in 25-75% crosion classa

Occurs typically in the Northern Panhandle. Taylor, Wetzel,
Marshall, Ritchic, Plcasants, Mason, Putnam, Hancoeck, Brooke, Ohio,
Roanc, VWood, Wirt, mny be nssoeiated with Hagerstovm soils in the
casbern part of statc.

D Mixed limesbone, sandstone and shalc, light brown color ~-
Westnoroland,

Westmorcland Silty Clay Looanm

The surface soil is light-brown or yellowish browm silt loam,
and should be normally aboubt 10 inches decp. HMuch of the A horizon has
been washed awny, and the silt loanm surfoce soil is now found to be from
2 to 6 inches decp. This is underlain by brownisheyellow to yellow,
fuirly compact silty clay loom to about 2l inches depth. Below that,
the subsoil takes on a pinkish east and becomes clay loom, occasionally
cxbonding into ashye-gray limcstonc residuc.

Derived from the disintegration of intimately interbedded lime-
stono, sandstone ond elay shale. Considered a strong soil.

The Westmoreland soil is found assoeinted with the Brooke in
the northwestern part of the Project area., It compriscs about 2,800
acrcs or 1.8% of the total Project arco. Thirdy-nine percent (39%) of

it occurs on 25-L0% slopes, 31% on LO%+ slopes, T7% is in the 25-75%
crosion class,
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Occurs in association with Brooke and in Harrison, Marion, and
Monongalis counties in association with the Hagorstown and Fronkstown
serics.,

Boclmont Silty Clay Loam

It is probable that the Belmont silbty clay loam originally hod
an A horizon of silt loam at least 10 inchos deop. As it now ocours,
the surface soil is 3 to 6 inches doep of yellowishegray to brownishe
gray silt loam, underlain in the uppor subsoil by yellowish-brown slightly
compacet silty clay loanm or clay lonme At 12 to 18 inches, the color
changes to salmon pink, grading to red, compact, tenaccous eclay in the
lower subsoils. A fow remmants of limestone lio seatbered on the surface
and in the soil mnss, also angular frogments of sandstonc appear.

Derived from interbedded limestonc, sandstone and rod calecarcous
Sh&lc » :

Slightly less fertilc than the Westmorcland Serics.

It is eloscly assocciatod with Westmoreland and Brooke in tho
northwestern part of the Projecet arca, comprising about 2,000 weres, or
1.32% of the aree. Twenby-six percent (26%) of the soil occurs on 12«
25% slopes, 35% on 25-L407% slopes, and 3L% on 0%+ slopes, 68% falls in
25-75% crosion class, 17% has lost over 75% of 4ts topsoil,

Occurs in associabion with Brooke and Westmoreland,
Upshur Clay

This s0il wos undoubbedly o silty clay loam in its original
states Probably all of the originel A horizon has beon eroded away,
but subscquent treatment hos rosulted in the formation of 2 to Ly inches
of dark chocolate-red cloy loam surface soll, The subscil is Indione
rod plastic, benncoous clay.

It is derived entirely from rod clay shalc of o ealcarcous
character,

Hoturally a strong soil but o narrow range of workability.

Small arcas of Upshur clay arc scabbored throughout the Project
arcn, the larger arcas being confincd to the southern part. It comprises
about 2,000 scres, or 1.32% of the total Project arca. Fifty-nine percent
(59%) of the soil ocours on 12«25% slopes, 26% on 25-40% slopes, 60% of
it falls in 25-75% crosion class and 33% has lost moro than 75% of surface
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soil. Smnll arcas have been totally destroyed for cultivation by
gullying.

Occurs largely in Jackson, Clay and Broxton Counbics but is
also found in small areas throughout the Stato.

Lehow Silty Clay Loam

The Loheow is similar to both the Upshur and the Meigs. It is
probable that this soil originally had o light red or pinkish silt loam
surfrco soil severnl inches thick, Tho surfoace soil is now o lighb-brown,
yollowish-rod or pinkish silt loam 2 to 5 inches deep. Tho upper subsoil
is light red silby clay loom to a depth of 12 to 20 inches, The docp sub=-
s0il is wsually red cloy.

Dorived from sandstone which usually conbtains o quantity of iron
and weathors red, the common red shalc, and often the gray or greeonish
cloy shalc. Most of the parcent materials forming Lohew are of o non=
calcarcous character,

Siightly less fertilo than Upshur bub posscsses o broadexr range
of workability,

Lohew occurs in small seattered arcas, comprising about 2,000
aeres, or 1432% of the total Projoet arca, Fifty-six poreent (56%) of
it is on 12-25% slopcs, 29% on 25-10% slopes, 8%% of Lehew is in tho
25=75% crosion class, 12% has lost less than 25% ond 5% has lost more
thon 5% of surfacc soils

Pound in associcbion with Upshur and Ncigs scrics.
I1, COLLUVIAL DEPOSITION

This soil has no woll dovelopod profiles The surfacce layer is
dark brom or reddish-brown yellow loan o a depth of 10 or 12 inches,
grading into slightly compact, somcwhot heavicr loom to a silty olay
loom of lighter brown color. In general the soil is being edded to
rather than croded, although gullics appoar and crosion is mapped
largoly on tho basis of gullices. The soil usually roprescnts the
best of the materials washed from the steeper slopes above it,

Rotes as ono of the strongest agricultural soils in the Projoct
Arco

This soil may occur at the bascs of slopes anywhore in the
arca, comprising about 3,100 acres or 2.4% of the arca. Two percont
(2%) occcurs on [;=12% slopes, L5% on 12-25% slopes, 78% is in 0=25%
orosion, 10% in 25-75% crosion classocs.

Occurs throughout State in small arcas.
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I1I. STREAM TERRACE SOILS

A. Gray surface, yellowish subsoil, mottled and gonorally
poorly drained ==~ Iylor,

Tyleor 8ilt Loam

This is yellowish-gray or gray friable and yollow silt loam 4
t0 8 or morc inches docp. The uppor subseil to o depth of 20 inches
below the surfoce is light yellowishebrown slightly compact but frinble
heavy silt loam, Tho lower subsoil becomes more compact and heavier,
ronging to light clay loam, light brown in color, and mottled with
yellow, gray and rust brovm. Iron concretions arc commonly found
within the soil mass,

Tyler is o sccond botbom or terrace soil, stream deposited at
o %ime when the stream beds wore at a much highor clovation thon ot
prosents It is dorived mainly from wash from sandstone materials.

Not o fertile soil,

This soil compriscs about 2,300 ccros or 1,51% of tho total
Projoct arca, L8% of it is on L=12% slopos, 29% on 12-25% slopes, 21%
hos no apparent orosion, Li6% has sufforod slight orosion, 31% has lost
25-75% surfacc soil, and % has lost more than 75% swrface soil,

Occurs along the larger stroams whieh hove received their wash
from Sandstone areas,

Tylor Loam

This is similar in all respeets to the Tyler silt loam exccpd
in Yexturc. It consists of o light browm friable loam surface soil aboub
10 inches dcop. The subsoil is o lighter brown, slightly compact gritty
loom, ranging into morc compaet, deep loam, showing ovidoneo of irom
stoins and mottlese.

The type is assoeinted with Tylor silt loam along the largoer
stroams,

Slightly stronger than the Tyler Soils.

It comprises only a small part of the terrace formntions,
Occurs in ossociation with Tyler silt loam,.

B. Light brown surface, yellowish subsoil -~ Holston,

Holsbon Silt Loam

The surfoco soil is iight brown to light yellowish-pray frinble
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and mollow silt loam 3 to 8 inches deope The subsoil is yollowishebrown
frizble silt loam to o dopth of 18 or-20 inches below tho surface. The

lower subsoil is light reddish-brovm hoavy silt loam to silty clay loams
Drainnge is usually good and mottles arc usually abscnt,

Holston is o woter deposibted soil formed in thoe some momnor as
Tyler, mainly from the wash from sondstone motericl.

Rates favorably in fortility to the Tyler loan.

It is distributed mostly along tho Little Konawhe River, come
prising sbout 800 acros, or .52% of the tobtal Preject arce, 104 of 1%
is on slopes undor 4%, L4% of Holston has lost up to 25% of its surface
soil, 51% has lost 25«75% and L% has lost more than 75% of its surfacc
soils

Oecurs in assoeciction with Tylor soils but dominates in bottor
drained positions.

IV. FIRST BOTTOM SOILS

A+ Brown -- Popo .

Popc Silt Loam

Pope silt loam is o rccent deposition having no definite profilo.
It consists of o brovm silt loam to o depth of 12 %o 15 inches, greding
into lighter browm and slightly morc compact silt loam to the full depth
of the soil masss Thero is no decided change in struchburc or texture
wtil a dopth of about U feet is reached.

This type lics in narrow bonds along the sbtreams of the arca, is
derivod from the wash from sandstone materials, is subject to frequont
overflow, and is gencrally being added $o by doposition,

Naturally fortile bub wsually acid in reaction. Rosponds to
treoatment,

It compriscs about 7,000 acrcs, or L.6% of the total Projeet arca,
88% of it is practically flat, 12% is on slopes varying from L-12%; 90%
has no apparent orosion, and 10% has croded slightly.

Occﬁrs along stroams which reccived their wosh from Meigs and
Doknlb arcas.

Fope Fine Sandy Loom

This is idembical with the silt loam of the same name except in
toxturcs The texburce is that of a fine sandy loam, brown in color, ranging
with depth into lightor brovmn color and slightly morc compnet structure,
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Tho decp subscil conbains onough cloy to give it o sticky feol.

The material is non-calearcous wash, mainly from sandstoncs,

It is assoclated with the Popo silt loam and is subject to the same
conditions. :

Occurs in association with Popc Silt Loon.
Be BRed =~ Moshoanmon,

Moshammon 8ilt Loam

The MoshaQnon ig similor in 2ll respects to the Pope S4lt Loan
cexcopt in color and derivation. To a dopth of about 15 inches, the
surface layer is o rod silt loam. This grodes into roddish-brown or
brown, slightly more coupasht, silt looms. The surface somebines bakes
into cleds if plowed in wet condition,

The soil is derived largoly from wash from the red caleareous
shale, and is itsclf apparently somewhat calearcous in character.

Naturally more fertile than the Pope Sories. Loss acid.

This type is usuwally assoéiatod with the Pope, occurs in narrow
bands along the streams, aund is subjoot %o frequont overflow. It is
rclatively wnimportant.

Occurs along streams which hove roceived thoir wash from Upshur
arcos.

SECTION II

SQILS NOT OCCURRING IN THE REEDY CREEK SOIL EROSION CONTROL PROJECT #13
BUT FOUND IN OTHER PARTS OF WEST VIRGINIA,

I. UPLAND SQILS,

As  Linestonc, or mixed limcstone, sandstonc, and shale land,

The Hagerstown solls are moinly silt loom and silty clay loom,
with brown or rcddish-browm surface soils, and reddish~brown friablo
clay subsoils. Those arc derived cunbirely from limcstone ond occur in
Grant, Mineral, Jefforson, Berkeley, Morgan, Hampshire, Monroo, ond
probobly in Groonbricr and Poesnhontns Counbticse The topography ranges
from level to stooply rolling and the erosion is moderate to serious,
Theso soils arc considerced naturally strong and productive.



~33-

The Frankstown sorics of soils aro mainly silt loom and gravelly
511t loom, having browm to yellowish-browm surfaco soils, underlain by
vellowish=brovm or yellow slightly compact silt loam to silby clay loonm,.
They hove beon mapped in Granmb, Minoral, Jefforson, Berkeley, and Morgan
Counticss Mixed siliceous limestone ond sandstono aro the chiof matorials
from which thoso soils arc derivods The topography ranges from gontly
undulating to hilly. The soils have a high cbsorptive ecapneity and the
crosion is moderotc. In productivoness, thosc soils compore favorobly
with the Hagerstowm soils,

The Fredorisk soils arc lightegray to yollowish-browm silt loan,
underlain by yollow or reddisheycllow compnot silt loam or silty clay
loam, beecoming rod claoy in the doop subsoil, These soils aro derived
from chorty or flinty limestone, and arc found associntod with the Hagorse
tovm and Frankstown soils in defforson, Berkoley, Horgan, and Morcer
Counticse Tho topography is gemorally rolling and the crosion is
noderato t¢ soverce Those are nobt considercd to be quite as productive
as the Hogerstown soils,

The swrfose soil of the Docatwr clay loan is red %o reddish-brown
mollow clay loam, wnderlain by hoavy rod claye. Both surfoco ond subsoil
arc mellow when dry but stieky and tenaccous when wote It i3 deriwed
from the wonthoring in place of mnssive bluc limostono, and is confined
to the castorn part of the Shonandonh Valley in Jofferson Countys. Tho
topography is #Polling, orosion is moderate, and tho soil is considerod
to bo vory productivo.

Be Sandstonc and shale land,

The Tilsit sordos of soils hove groyishebrom to yollowishebrowm
s5ilt loanm and very finc sondy loanm swface soils, and brownish-yollow
hoavy silt loanm or silby clay loom subsollss Soft rust~browm iron conerce
tions in abundance in the subsoil below 15 inchos arc choracteoristic of
the scrics. The doop subscil is mottled brovm and gray, conpact silty
cloy loame Those soils wore mappod in Mercer, Honroc, and Summors Countics.
The Sopogrophy is smooth to undulating and the crosion moderate to soverce
Thosc arc naturally poor and unproducktive soils.

The Berks scrics of soils includes the shale loan and silt loan
types. The surltco soils arc grayich or yollowish~browm silt loam con=-
taining varying quanbitics of partioally disintegrabod shalce The subsoil
is light ycllowish=brown or yellow, friable and slightly compact silt
loome These soils are dorived from the wenthering in placce of Martinse
burg shole and arc found mainly in Jofferson, Borkeley, and Morgon
Counticss Tho topography is smoothly rolling and the soil is moderately
crodod. In productivencss, it ranges from fair %o poor,

2. Stroam Torraco Soils

Soils of tho Monongohola serics consist of silt loam and fine
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sandy loam types. The surface soils arce grayish-brown or light-browm
and the subsoils arc light yollowish~brown to pale yellow. In all types,
the subsoil roanges into mottled yellow, gray and rust-brown material of
ruch heavier toxture than the surface scil. Thesc soils occupy terraccs
or benches at considerable elevabion above the first bottoms bordoring
the streoams. The bopography is ncarly level te gently rolling, and the
crosion slight to moderate., Tho notwral productivonoss is fuire These
soils havo been mapped in Hompshire, Monroc, and Summers Countlos.

The solls of the Wheoeling serics include the following types:
gravelly leanm, sandy loan, finc sand, fine sandy loam, silt loam, and
silty clay loame. The surfoce scils arc generally light-brown to brown,
and the subsoils arc yellowishebrown to yellow. All typos arc compact
but friablc in the subscil, and frequently beds of gravel arce cncountered.
Those soils occur as scoond and third bobbtons, or terraces, bordoring the
Ohio River wherever it contacts the state. The material is largely derived
from wash from the glacial soils at the headwaters of tho river. The to-
pography is lovel to slightly rolling, crosicm is slight, and the land is
considered valuable for genecral and truck crops.

The Elk secries have surfacc soils of light=brown or yellowish=
brovm silt loam or loam of friable and mollow structurc, underlain by
yellow, friable silt loam to silty clay loam, varying to sandy loam and
gravelly loam in the different types. Thoso arc river terrace soils and
frequontly o part of the subsoil is of residual origin. It has been
mapped in Monongalia County, principally in the. ifonongahela River Valley.
The topography is geontly rolling and the crosion is slight. Crop yields
are falr.

%+ S3trcam Botbtom, or Receont Alluvial Soils,

The surfocc layer of the Hunbingbon seriecs of soils is dark-brown
mellow silt loam or loom about 15 inchcs thick, wnderlaoin by lighter brown
loom to clay loam. This is & first bobttom soil, subject generally to over=-
flow, but well drained., The material is derived principally from wash
from soils which arc derived in burn from limestone or mixed limcstone
and sandstonc, The topography is wsually flat and the erosion negligiblc.
This is considercd onc of the richost scilse

- The surfoce soils of the Holly scries arc gray silt loom, and the
subgoils mottled gray, ycllow, and brown heavy silt loam or silty clay
loon. These are first bottom soils, subjeet teo overflow and poorly drained.
The material is derived from wash from sandstonc and shale land. It has
been mapped in McDowell County. The topography is lewel and the crosion
negligibles The soil has a fair productive capacity, most of it being in
pasture, '

The surface soils of the Atkins series are dark grayish-brown
heavy silt loam, over a subsoil of sToel gray silty clay loam, ranging
into mottled light-gray, yellow and rusty-browvn sticky clay. It is poorly
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drained first bottom soil, associated with soils dorived from the wash
from soandstone and shale materinle These soils have been mepped in
Grant, Mineral, Hompshire, Barbour, Upshur, Summers, Monroe, Nicholas,
Tucker, Mercer, and Webaster Countics. The topography is flat and orow
sion is nogligible. Most of the type is in pasture, being too poorly
drained to farm succossfully.

Other soils ocourring within West Virginia, which aro not of
sufficiont extent or agricultural importance to warrant more than
mention herc, are listed below.

Muck Colbort Silt Loam

Dunning Silty Clay Loan - Clorksville Gravelly Silt Loon
Lowell Silty Clay Loam Shelbyville 8ilt Loam

Lowell Stony Silt Loan Summers Stony Loan

Lickdale Silty Clay Loan Surmcrs Loan

Lickdale Loam Lindside 8ilt Loan
' Elliber Gravelly Loan
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CHAPTER VII

RUNOFF CONSIDERATIONS

In order %o prevent the washing out of engineering structures
it is nocessary to provide ndequate spillway capacity to take carc of
the runoff water for the drainage area above the dam in question. The
rate of runoff from o drainage area depends upon the inteonsity and
duration of the rainfall, shape and size of the area, slcpe, character
of the soil, season of the year and type of wegekation covering the
arci.

In a general vimy the intensity of preeipitation varies inverscly
with the durobtion of the dovmpour or in other words very heavy showoers do
not last as long as rains of lesser intensity. For this reoson the
maximm flow of runoff water reaching a spillway arca usually occcurs whon
water from the most distant point of tho drainage area roaches the dam
spillwmy.

Probably the most reliable information concerning the runoff
from agricultural areas has boen compiled by C. E. Ramser, Senior
Drainage Engineer, U. S. Department of Agriculturec. Hig Runoff Chart
from Smnll Agriculturcl Arecas (basod on o rainfoll froquency of 10
yoars) gives tho maximum rate of runoff in cubic foet por sccond that
may be expected during a ten ycor periocd for thesc arcase This chard
may be used in the design of dam structures of an expected life of ton
years or less. (Chart #l;, page 38).

The rates of runoff from Romsor's Charts arc baszed on watorsheds
located in the area falling in group 3. (Chart #8, page L5).

Othor Romser charts included in this Handbook for use in structure
design are: Rumoff from Large Agricultural Aress, Chart #5, mge 39,(10
yoar frequency) and Runoff from Large Agricultural Areas, Chart #6, page
Lo, (50 year froquency. The curves baged on a rainfall frequency once
in 50 yoars should be used in the design of dam structures of a permanent
noturo.

In compubing runoff for wotersheds in West Virginia it should be
kept in mind that much of the land has been cleared, is wery steep, and
has frequently been sc hsavily pastured as to be almost entirely denuded
of vegotation, These conditions 2ll contribube townrd o very high rate
of runoff. The shape of o wabtershed also moterially affects the runoff,
Under ordinary conditions we can assume that the charts by Ramser included
hercunder are of sufficient accuracy in computing runoff for small areas
wherein temporary check doms are boing placed in erosion control. Where
more permanent structures are to be ploced and where the watershed is
large it is recommended that the rational method of computing runoff be
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used. This mothod onnbles the onginecr to apply judgmont dircetly to
specific allowonces which are subjoet to annlysis, measurement, and
esbimntes The rational method is bascd on the direcet rclation between
the rainfall and runcff exprosscd by tho formula,

Q=zciA
where § w runoff in c.fe.s. from the aron
¢ m ratioc of runoff to rainfall
i = intensity of rainfall in c.f.s. por ocre (approximmtely the

cquivalent of inches of rain per hour)
w drainoge area in acros.

-

Of these factors, A can be moasurcd dircetly but the others must be
cstimateds 1 deponds on the curves doveloped for inbtensity of raine
foll and cn the time it takes to ostablish runoff.and flow from the
nost distant point in the arca to the place for which the runoff is
being computed., Provision must bo made for tho greatest intensity

of rainfall lasting for that time. A study ecan be made of the time
froguency curves as indicated on Chort #7, page L2, which was compiled
from data ¢ollected at Parkersburg, Wost Virginia., If dota be available
similor curves moy be doveloped for local areas. Such data should cover
a period of at least 20 consecutive years to be of much wvalues Once
the curves for intensity of rainfall arc available, on cstimate of tho
time requircd to ostablish runoff nust be mnde in order to arrive at
the greatest intensity of rajnfoll lasting over thot timc. The estimote
should be based on a well developed and carefully considered plan. All
assunpbions of necessity must be on the consorvative side,

e~ ratic of runcff to rainfall = must be determined from a
study of soil, character of the surface, vogetution, slops, and
probable future developments. The factors affecting runoff can well
be grouped under two major heads:

1. Precipitation
2. Wotershed characterigtics

The effect of precipitation on runoff is much casier to ovaluote, other
things remaining constant. We kmow that the coefficient of rainfall
distribution may deviate greatly from unity in large arcas. Here wo
are on the safe side by assuming maximum or near moximum precipitotion
over the ontire watcrshed.

In considering wotcrshed characteristica it is well to consider
that some factors tend to hagten and obhors to retard the flow of the
wotore It is nlmost impossible to rank them in order of their importance.
The more inmportant characteristics will be cnwmorated as for as they
portain to drainage sheds feeding the streams on which work may be donc.

(a) Size of watorshed = On large wotorshods floods reach their
crest slowly and subside slowly. The reverse is true for small wabersheds,
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as intense precipitation occurs over small areas only. Small watersheds
may consist entirely of steep slopes and impervious soil, causing most of
the precipitation to run off over the surface with resultant high concen-
tration of flow, The ratio of runof?f %o ralnfall'W1ll generally also be
high where intense precipitation ocours.

(b) Shape of watershed - shape of watershed affects rate of
runoff rather than ratio, though both are affected. A long narrow
drainage area is likely %o have a lower rate of runoff than one which
is more compact. The tributaries will feed the main stream in a series
of small flood erests, Generally the long watershed will not be entirely
covered by intense precipitation at one time, whiech tends to keep down
floods.

In the more compact watershed the tributaries will feed their
erests into the main stream at more nearly the same time and they are
also more apt to be covered entirely by intense precipitation at one
times It can further be stated that the ratio of runoff to rainfall
will be higher under such conditions.

(e} Geology of watershed ~ the nature of the soil has marked
effect upon both rate and quantity of runoff. A loose soil of sand,
gravel, or loam will absorb a large proportion of the precipitation,

More impervious soils like clay or even rock will have a very high runoff.

(4) Topography of watershed - it can generally be said that the
greater the slope the greater the amount of runoff. Wetersheds with
steeply rolling slopes will preduce more frequert and greater floods
than the more level areas. Both rate and quantity of runoff are vitally
affected by topography.

(¢) Vegetation on watershed - vegetation increases percolaticn
opportun1ty by opening up the soil and by retarding velocity of the
surface flow, These factors tend to decrease the rate and quantity of
runoff. Such is especially true for sborms of comparatively short
duration. After the ground has become well soaked or packed, however,
vegetation does not exert so great an influence as is often thought.

It will s%ill eontinue to aid in preventing gully and sheet erosion bub
the quantity of runoff will not be so materially affected.

(£} Cultivetion and artificial structures - it is known that
runoff from a cultivated field on whiech the top soil has been well
loosened and on which farming has been done along centours is frequently
less than from an uncultivated field hecause the loose soil particles tend
- to retain moisture., OSuch is nob true, however, after the humus in the soil
becomes exhausted and where farming operations are so carried on as to in-
duce erosion.
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Any fair gized reservoir or pool created by a dem will tend %o
retard runoff for rains of short duration. Once a reservoir has been
filled it will no longer equalize flood-crests.

It should be kept in mind for the rational method of computing
runoff that fairly accurate results cannot be obtained therefrom when
exbremely large watersheds are being considered. Too little as yet is
movm of the various runoff factors as applicable to extensive areas.

A word should also be said regarding fubure runoff. It is
entirely possible that within a year, or two years, a watershed may
have its surface covering changed from corn to close growing clover,
Provision in design should be made for such possibilities to warrant
fubture success. TVhen examining rainfall curves in comnection with
design work on wabtersheds the size of the watershed should be kept in
mind %o assist in determining the character of storms. Intense precipi-
tations lasting for less than a day are worthy of consideration on water-
sheds under 125 square miles. On larger drainsge areas the storms laste
ing for several days are the more disastrous. Where no information of
any kind is available the engineer must resort to high water marks or
to a careful study of storms over similar watersheds. If such be done
it is important that these watersheds be located.as nearly as possible
in areas having similar rainfall intensities. West Virginia would fall
under group three. (Chart #8, page L5).

Mr. Ramser makes the following recommendations in regard to the
watershed survey preliminery to using his charts:

"A reconnaissance survey should be made of the watershed %o
determine whether it should be elassified as rolling or hilly, to
determine approximate acreage of cultivated, pasture, and timber lands,
and to determine the size of the watershed arsa in acres. The growing
tendeney is to place more land in pasture or timber so that ordinarily
it would be safe to assume that the proportion of pasture and timber
area would not be reduced. However, if definite information is avanilable
that it is the intention to olear for cultivation to pasturs or to utilize
as timber land, then proper consideration should be given this matber in
classifying the lands of the watershed.

"The area of the watershed ocan often be closely determined from
the location of land lines and by pacing any distances required. Where
this is not possible, the area can be determined approximmtely by a
compass traverse, using the pacing method to obtain disbances. The
traverse should be plotted with a protractor and the area computed with
a planimeter. Where a transit is available, a quick stadia traverse
survey can be made for a small wabershed because the bearings and
distance to points on the boundaries of the wnbtershed area oan be
detormined from one location of the transit."



BOUNDARIES OF AREAS OF SIMILAR RAINFALL INTENSITIES FOR SHORT PERIODS. (From Meyer's Hydrology)
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Very frequently on a smell watershed it will be possible to make
a mental estimate as Lo exbent of grea. Where the area covers about
1 to 5 acres it should be possible to estimate the acreage to within 109
of the exact value which iz close enough for ordinary purpose,  Where
such are avallable, use should be made of existing mops and previous
surveys. These will offten save a great deal of field work,

In all wntershed surveys it is important that the entire arecan
be covered in order that the topography beeome familiar to the surveyor,
Whore cstimates are mode of very small wabersheds on steep slopes it is
suggested that the acbunl surface on the slope be usod rather than the
horizontal projsetion of the same arec. By doing this the engincer will
hove a conservative value on which to base runoff,
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CHAPIER VIII
HYDRAULICS

To properly design crosion control structures o working lmowledge
of the theory and practice of hydraulics is required, Hydraulic princi-
ples are used in compubing the runoff water fronm drainago arcas, designing
the weir notches in dam structurcs, computing the proper sizes for di=-
version diteh channcls and outlets, and in designing adequate ferraces
with outlet chamnels sufficient to carry maximum runoff,

Mr., H. L. Cook, Hydraulic Engincer, Soil Conscrvation Scrvice,
has developed a very complote sot of diagrams for use in hydraulic design
of crosion conbrol structures. These diagrans are included as port of
this handbook and may be used in design problems. Thc uses of Mr. Cook's
diagrams are cxplained by him on pages 47 to 51 inclusive. However, to
facilitate thoir use in the field, type problems will be assumed and
worked out nccording to Mr. Coock's diagrams and instructions. These
type problems follow Mr. Cook's discussion and ore found on pages 51 to
5l and 71 %o 73 inclusive,

USE OF DIAGRAMS IN ZYDRAULIC DESIGN

Figures 1, 2, 3, L, Pages 58,59,61,63,

Thoso disgrams arc for use in the design of small open channcls
of traopezoidal cross-section. They are based upon tho Mamning formulas

2/3 1/2
n

Eoch figurc is for 2 section of piven side slope, thus:

Figure Sido Slopo or Batter
1 Veorticul sides
2 1 %tc1
3 105 to 1
L 2 to 1

The nototion employed is:

Q = rote of flow in cubic foot per second (CFS)

D = dopth of woter above bed in feoot

b = width of bed in feet

A = aron of crossesection of water in square foct
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R = hydraulic radius or A divided by "wotbod perimeter": feot
Sp= slope of chonncl bed

n = value of "roughness coefficient" in Manning formula
(See Table II, Page 55)

To use any dingram procced as follows:

1, Having given Q, Sy, and n, compube the quantity nl

118645,

2+ I o channel with a particular bed width - depth ratio is de~
sired, find the intersections of a vertical line through the chosen b/D
with o horizontal line through the computed wnlue of n Q v The

1486 475y
number on the curve lying nearest this intersection indieates the approxi-
mate depth at which the woter will flow in a channel of the required pro-
porbtions. If desired, interpolation between the curves may bo used to
cstoblish the depth more closely, '

%3+ If o channel of given depth is desired, find the intersection
of the curve marked with this depth and a horizontal line through the
value of o Q . The value of b/D verbically below the inter-

1.486 NEN :

section gives the relative proportions of the channel,

Example: Side slope 1,5 to 1
Q = 10 CFS, Sp = «01, n & 04

1. y 'b
b/D (Assumed) D b
0 155 0 (Triangular section)*
b1 1,50 .79 (Most officient scca)*
5 0.78 3.9
10 0.60 6.0 (Widest secbion)

Anyone of the chamnels deseribed above will carry 10 CFS., The final
choice of dimensions would be based upon attendant circumsbances,

To simplify the computations roquired in the application of the

diegrams, Table III, Page 56, giving wvolues of the quantity 1.48645y , may
be used.

It is recommended that channels designed for flood flows be
propertioned so that b/b does not exococed 10,

*Thesc scetlons to be used only where chamnel is lined.
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Figures 2~A, 3=i, Li-A, pages 60, 62, &l

From these disgrams may be obtained the crogs-secetional arcasg of
the charmels designed by use of Figures 2, 3 and L, pages 59, 61 end 63,

It is necessary o have these areas to compute the velocity, V,
that will exist in the designed channel. V is easily computed from

V= Qfa
Each area diagram immediotcly follows the design diagram for
the same side slopes. An area diagrom for rectangular channels is

omitted, since the area is simply computed from A = bI.

Figure 7, poge 65

This diogram provides approximate wvnlues of the weir coefficient,
C, for rectangular weirs having broad, level crests., The standard formu=
la used to ealeulate the discharge of such weirs is
2
Q= CLH 2

in which

B

head on erest of weir, in feet, monsured oboub 6 feet
upstrean

L = length of orest of weir in fcet

B = breadth of corest of weir in feet

The diagram should be used only for heads greater than 0.5 feet.

If the degired X and B for use in design are known, the ratio
1/B is computed and the diapgram enbored to find C without further effort.
If H is unknown it is ncccssary %o omploy a process of "ecut ana try".
For the first trial a tentative ratio is estimsted and € token from the
diagram. Using Figurc 9, page 67, the waluc of H corresponding to the
chosen € 1s found and the walue of H/B recomputed. With this corrocted
ratio Pigure 7, page 65, is again entered and C redetermined, After two
or three trials I and C may be brought into sufficiently close agreement.

Figure &, page 66

The wvalucs of € given by this dlagram are to be used only for
rectongular notehes on the crests of vertienl falls., The wvalues of C
given by the diagram are conserwative, that is, slightly smaller than
those that would probably be found by experiments They apply only for
valuss of H groater than 0.5 feet.

The monner of using this diagrom is obvious, In design it is
often nccessary to proceed by "eut and try” in a manner somewhat similar
to that described in discussing Pigurc 7.
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Figure 9 page 67

Diagroms of this nature arc called alignment charts or nomographs.
They are used as follows:

Having given two of the wariables, they are located on their
respectivo axes and a straight odge passed through them; the
value of the unimown warisble is read at the interscetion of
the straight cdge with the third oaxis,

Figure 9 is used for the solution of the equation
2

Qy = CH 2
where Q) roepresonts t%e discharge of a rectangular weir per foot
of weir crost. To use the diagram divide Q by L to find Q,
decide upon the proper vnlue of € and determine H from the chart,
To determine L it is bast to procced by trisl, sssuming several
velues of L and finding the valueos of H corresponding to cach.
The desired combination of E and L may be found by interpolating
between these trial walues. It should be reomembered that

Lz /Ry
Figure 10 page 68

This is an aligmment chart for the solution of the equation
2
Q2353 LH2

Whon the weir coefflicient € is in the neighborhood of 3.3% this
diagrem may be used to find L or H directly, and withoub recourse
to Figere 9, poge 67. The ehnrt is also usefuyl in preliminary dos
sign and in finding tentabtive wmlues of H and L with which to onter
Figure 9.

1

e
0=

ures 15 and 16 pages 69 and 70

On these dingrams are curves glving wlues of the culvert co-

cfficiont CO in the formula
g = COA '\’2gh

4 sufficiont number of curves are given to cover the types of culveris
in ordinary use.

Velucs of CO teken from these diagrams showld he used only for
submerged culverts, that is, for culverts operating with both ends under




1, Compute 2Q (Toble I1I may be uscd) Page 56.

I

2+ If a chanmel with a particular "bed width to depth" ratio

(b/D} is dosired, find the interseoctions of a wverbical line through tho
chosen b/b with a horizontel linc through the compubed value of n Q
1.8

The number on the curve lying nearest this intersection indicates the
approximate depth at which the water will flow in a chanmel of the rc=-
quired proportions.

«Fﬁ;

%s If o channcl of givon depth is desired, find the intersection
of the curve marked with this depth and o horizontal linc through the
value of 1@ . The wvalue of b/D vertically below the intersection

1.8 ﬂﬁﬁ;

gives the relative proportions of the choaancl.

Lhe After o b/D value is decided upon, the aren of the chammel
moy be debermined from the arca disgrom following the dimension diagram
for the various sidec slopes.

5e Divide the discharge by the cross scetional area to determinc
the velocity, V= Q

A

Computations for Typc Problem No., 1 are given below:

Q = 10 (Ramscr's Chart Fo, 4, page 38)

n = 04 {Table II, Pago 55)

Sp = «0l (assumed)

nQ s Ol x 10 = 2.28 (use Table III Page 56).
T8N, 1758

b/D D b Crosg Scetion Areax Veloeity
1 1.13 1.13 2.6 3485
2 96 1.92 342 3.13
% 85 2455 343 5403
L o 78 234 L 2%) 303

*Pigure %=A page 62.

Any of theo above choamncls will carry 10 cubic fecet per sceond.
The final choice of dimensions will depend upon fisld comditions. How-
ever, o depth ratio b/b of 2 or 3 should prove satisfactory under ordinary
conditions,
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TYPE PROBLEM NO. 2
DESIGN OF i TERRACE OUTLET CHANNEL
STEPS IN THE DESIGN

Detormine the drainage arca of the terraces enptyins into the cutlet
channecl.

Deternine the maximum rate of runoff from the arce likely to occur
during a’ ten year pericd by the use of the suitable Ramser 10 yoar
frequency Runoff Charts (Chart #, or #5, Pages 38 and 39).

Design o channel of sufficient capacity to pass this rate of runoff
whon the channel lining has attained its ultimatc condition, by the
use of Mr, Ccok's toblos for open channcl design. This design will
bc similar to type problem No. 1 with the exception that a higheor
b/D walue my be useds It is recommended that the moxinum b/D value
uscd does not cxecocd a wenlue of 10,

Determine the veloecity of flow that will cxist in the channcl so
designed by the uge of tho proper Cook table. If the weloeity is
found to cxceed 5 foot per sccond for channcls protected by vegobation
or 5 feot por sccond for unvogetated charmels investigate the possie
bility of breadening the channel to reduce the velocity to an allewable
figurc. However, the maximum b/b value should generally not excecd 10.

In casc nc feasible broadening of the channel will bring about
sufficicnd veloeity rcduction, permancnt protection of the channcl
rmst be provided by sultable structurcs.
If permancnt probectlon is not required after the chamnel has reached
its ultimnte condition a sbudy should be made to determine the maximun
veleeiby that could coxist whon the ehannel is neow or in such condition
og would cause the flowing water to attain its maximum velocity.
If the velocity in 6 chove is found %o execed 3 foct por second,
suitable temporoary structures should be provided tc protect the
channel from cxcessive crosion until it has sodded owver.
Exarple:
Rolling cultivated land

Drainage arca = 12 acres

Referring to Ramsor's Chart No. L, page 38, we find the probable
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maximum runoff to be cxpected over a ten year poriod o be 55
cubic fcot per sccond.

Slope 8y = 04 (4 feot in 100)
n = 04 (Tablo II, Page 55)

Diteh sidos slopes 1 to 1

I.Eg%~;§g = :QQ;ELEE' = 7.1 (Use Table III, Page 56)

2972
v/D D b Cross Scction Areaw Veloecity
2 1.5 3.0 8 6.9
8 1.0 8.0 945 5.8
10 0.9 9.0 9y 59

*Figure 3-A, Page 62.

In the above computations a b/D value of 2 was first usod., This
gave a velocity of 6,9 foet por sccond. The charmel was then widened to
o /D volue of 8 and 10. The widening of the chamnel reducod tho volociw
tics to 548 and 5.9 feet per sccond rospoctively. Since the velocity was
not reducced below § fect por sceond, permanent protection of the channcl
must be provided by mecans of suitoble structurcs.
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TABLE 11
COEFFICIENT n IN THE MANNING FORMULA

Dosceription of Channel Lining Value of n

LINED CHANNELS

Planod plank = = = = =« = = = = = = & o v m - = e - G012
Unplancd plank = = = = = = = = = = = = . e = - - 014
Conerate = « = = = =« = = I R B PR - o ow o= G015
Good rubblo MOSORrY = e = = = 4 = = - - - omoeomow o G020
Rough rubble magonyy or dry rubble (rip-rap) - 025
Rough rip=rop = = = = = « = « - - o= e w o o= o == 030

UNLINED CHANNELS IN BARTH

In exccllont condition; no woeds or dobris = « = - « =« =« 02
Ordinary condition; low vegebation or gravel « = = = =~ =« 03
Poor conditionj weeds, tall grasses or rough bottom <Ol
Very poor condition; chokod by weoeds or willows « = = « 05



Slope
Sp
0005
#0010
L0015
+0020
«0025
20030
#0035
«0040
00L5
20050
#0055
0060
+0065
0070
»0075
#0080
«0085
« 0090
«0095
«010
011
<012
«013%
0Ly
»015
+016
«017
018
2019
«020
+025
«030
<035
#0L0
«0l5
050
<055
060
065
«070
o075
080
090
10
o1l
o 12
13
ol
15
o16
o17
.18
+19
.20

~56m

TABLE III

. — o Grode
Af5p 1486 ¢S 7
w022l <0332 0405
+0316 JOL70 0,10
+0387 +0576 0el5
OLL7 +066L 0420
«0500 WOT7H3 0425
0548 L8, 0430
0592 « 0879 0435
0632 20940 0.0
0671 0997 0ui5
20707 L1051 0450
O7h2 21102 0455
D775 «1151 0460
.0806 v 1198 065
<0837 o123 0470
#0866 .1287 0475
<0691 ' +1%29 0.80
0922 1370 0485
Nee'lte 110 0490
«0975 o148 0495
«1000 o 11186 1,00
«1049 #1559 1410
«1095 1627 1420
1140 <1690 1430
+1183 +1758 140
.1225 .1820 1,50
«1265 »1880 1,40
« 130l <1938 1,70
1342 «399L 1.80
#1576 2048 1,90
RIRIN «2101 2400
01581 023139 2.50
1732 !257h 2400
L1871 «2780 %450
«2000 2972 1,400
«2121 23152 11450
02236 3323 5400
2345 #3485 550
2449 +3639 6600
2550 25789 6450
26h6 +39%2 7«00
2739 070 7450
22828 Ji202 8,00
#3000 4458 9,400
#3162 L1699 10,00
03317 4929 11,00
o344, 51,3 12,00
+3606 +5359 1% .00
372 #5561 1,00
«3873 5755 15.00
1000 5ol 16,00
4123 #6127 17,00
Ji2l3 +6305 18,00
L4359 SLLTT 19,00

Lhi72 +66L5 20,00



T4BLE VIIT

TiBLE OF V = Af2zh
Value
of .0 - .l 2 o3 oy 5 6 .7 8 9
n
0 0400 2,84 359  Le39  5.07 567 6421 671 T.17 T.61
1 8,02 811 879 9.l 9.9 9.82 10,1 1046 10,76 11,05
2 11.3L 11.62 11,90 12.16 12.2 12.68 12,93 13.18 13,2 13%.66
2 13489 112 .35 Use57 14479 15.00 15,22 15,53 15,63 15.84
L 16,04 16,2 16.Yp 16463 16,82 17,01 17.20 17,39 17.57 17.75
5 17.9% 18411 18.29 18.46 18.,6% 18.81 18,98 19.15 19,31 1948
6 19484 19.81 19,97 20413 20,20 205 20,60 20,76 2091 21.06
7  2l.22 21,37 21.52 21.67 214,81 21,96 22.11 22,26 22,0 22,54
8 22,68 22,83 22,97 23,11 23.2L 23,38 23.53 23.65 23,79 23,93
9 2L06 219 2432 2hud 2L.55 2h.72 2485 24498 25.11 25,24

10 25436
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VALUE of RATIO H/B

COLFFICIENTS FOR BROAD GCRESTED WEIRS

HAVING LEVEL CRESTS
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CHART FOR SOLUTION OF EQUATION

Q, = CH%
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DESICN OF WEIR NOTCHES IN DAMS: -
2

Tho stoandard roctanguloar weir formula Q = CLH 2 may be uscd in
the design of weir notches for dam structurecs.

Q

"

Discharge in cubic fect per second.
€ = Coefficient of discharge usually varying from 2.5 to 3.5

L & Length of the crest of the weir in foet,

H

H

head of crest of weir in feet measured about 6 fecot upstream.

The log and stone dams as used on this project have rectangular
weir nobtchess The brush, wire, and stoke dams have curved weirs somewhat
in the forn of o catomary., In mony instances the lcosc rock dam is being
built with the curved weir,

Type problens for both types of welr notches are given bolow,

IYPE FROBLEM NO. 3
DESIGN OF A RECTANGULAR WEIR NOTCH

Given o discharge of 10 cubic foot per sccond assume o trial value
of C =z 3,0; nssurw an H of 1.2 feot using Figure 9, page 67.

Poss a straight edge through an H of 1.2 feet ond a value C of
%.0a Read the diseharge per foot of weir width where the straight edge
crogses the discharge line. In this case the discharge is J cubic fect
per sccond. Divide 10 by L to mot the tentative length of the weir.
10 + 4 w 2,5 fect,

4 correet vnlue of C may now be determined by usineg Figurc 7,
page 65, and the weir noteh redesigned to fit the wlue of C. In order
£o use Figure 7 it is mnocessary to lmow the breadth of the weir crest "BY

and shapce of the welr cresi,

Assuning o round corner and a breadth of 1 foot for this problen
we have o I/B ratio of 1.2 ¢« 1 or 1.2.

Roferring to curve II of Figpure 7, poge 65, we find the correct
valuc of the coefficicnt € to be 3.2.

Agonin using Fipure 9, page 67, with the exact value of € we find
the discharpge per f£ook of crest to bo Ly eubic fect por scoond. Dividing
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our given discharge of 10 cubic feet per second by L.h gives o length of
crest of 2.27 fect.

Thus a welr noteh 1.2 feet high by 2.27 feet long will handle o
discharge of 10 cubic feet per second.

TYPE BROBLEM HO. L

DESIGN OF A CURVED WEIR NOTCH AS USED ON WIRE, STAKE,
BRUSH AND ROCK DAMS

Ko absolubte formula for the discharge of curved woir notches of
the catenary type is awvailable for use ot the present time. Until
experimental data is awvailable the curved weir notches will be designed
by the approximate method that is used on Projcot Wo. 1L, Zanesville, Ohio.

Their method is to multiply the cstimated discharge by 1% and to

usc this wvalue of discharge for computing the width and depth at the center
point by mesns of Figurce 9, page 67. A value of "C" of 2.5 iz to bo used,

Steps In The Dosign

1. BEstimate the probable maximuw runoff from the drainage nren
above tho dam by the use of Ramser's 10 year frequency runoff chart,
(Chart L, page 38), and multiply that runeff Wy one and one-half,

2, By choosing o trial value of "A" at the conter point of tho
welir determine the discharge per foot of weir width by the use of Figure
G, page 67. A& volue of "C" of 2,5 should be used.

5« Divide the runcff dischargs obtained in 1. above by the dige
charge per foot of weir width obtoined in 2. obovo.

This value will give the length of curved weir in feet necessary
whon the trial volue of ME" is used. If the lengbh is not satisfactory to
usc, increase or decrease the trial value of MH" until o satisfactory
length ond depth of weir is cbinined.

Example

Q B 10 cubic fech por second. Assume a trial volue of "H" of
1.0 fect,

In Figure 9, page 67, puss a straight edge through a value of "C"
of 2.5 and a value of "H" of 1 foot. The straight odge cuts the @y lino
ot 2.5. 10 divided by 2.5 equals L feet. .



Thercfore, with o dopth at the center ¢f 1,0 fect a curved weir
noteh b feet long will discharge 10 cubie fect por socond,

By using Figure 9, page 67, it is found that a curved woir 6
feet long with o depth of 9 inches will also discharge 10 cubice feot per
socond.
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CHAFTER IX

STRUCTURE PLANS AND SPECIFICATIONS

. A
LOCATING, MAPPING AND RECORDIHG STRUCTURES

Ono of the nmost important dutics of tho enginecor will be that
of locating, stoking out, and mopping the various structurcs %o be
used in ercsion contrel. 4 great denl of roconnaissanco is necessary
to do the job wells The engincer should have in mind the oxtent of
erosion on the farm beins surveyed, the amounts of local matorial
availoble, and the possible limits of work thot can be done. Before
leaving the office for the field it is well to locate on a map, for
accessibility, the farm teo be surveyod. The Agronony and Soils maps
pertaining to it should also be sccured. A handeaxe, tally board,
lumber crayon, peneils, clinometer, tape, ficld bock, rccording forms,
runcff tables, and weir specifications are required. It is woll to
have a supply of stokes on hand. A 30 inch stake is recommended
becausc it can be readily found even in fields with dense covering
of vegebation, If necessary o smnll strip of red cloth may be tacked
to the stake top,

Three~mon survey parbties arc recommended for the location of
pully strueturess The cnginecr and his agsistant can locote, mensure
and rccord the structurecs while the third mon can stako and merk thom.
Upon entering o farm the engineer should first conmbtact the farmer if
possible because he is generally interosted in what is going on and
frequently hos valuable sugpestions to offer. A perusal of the agronony
and scils mops will indieabe land~usc progrom and erosion conditions,
These should be utilized in marking gullics and in determining type of
structure resortod to. The gullies are nwibered as shown on the agronony
map, page 76. It is recommended that structures be numbered consecutively
from 3Fl on clear through the cntire farm rather than to start with nuwber
one for cvery gully. The structure number is markcd on the sbake with
lumbor crayon {blue is recommended, and it is also suggested that the
stake be tiltod with the nwbor placed on lower side to presorve mark)
and is recorded on Specification Shect Form A as job number (give number
of structurc}s The specifications are computed and sot dowm in the
proper column. This form is laber turned over to the work foremnn, who
builds his structures frem the informtion thercon. Form 4 is shown on
page 78. TUnder Part B following will be shown manner of recording
labor ond moterials for wvarious gtructurcs.
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In the locabion of stream control structures it is recormended
that a regulor stadia traverse survey be mode of the arca ineluding and
adjocent to the stream problem. Once the areca has been mapped it will
be casy to place the struetures required. If no survey is mnde tho
chances for making o blunder are much enhanceds The stream tangents
and curves are very misleading to an cbserver in the field, especially
on large jobs. The time used in making a detniled topography map of
the problem area is timo well spent and will generally assure o mere
complete and satisfactory stream job, A four mon crew consisting of
instrument man, recorder, and two rodmen is very satisfoctory and
efficient. In any kind of work it is desirable to have wniformity in
all procedure. Mop work is no exception, so there is inocluded on
page 80 a list of conventional signs to be used in mapping work where
the type of structure must be indicated,

A mothod of esbimating size of wotershed has been discussed
under "Hydraulies" so will not be rcpeated. The aren of the watershed
for any structure is included under Droinage Arca (D.A.) in Form A,
page 78+ It should be given to the nearest one-tenth acre. The guilied
aren (G.A.) is obtained by estimating the actual arca cut by gullies. It
1s well to include for width of such gullies an added ten foot sbrip on
both gully banks to allow for lateral crosion. The total width multiplied
by the length of gully will give gullied area., It should be reecorded %o
the ncarest one-tenth acre. Percent slope need not be carricd to tenths
of a degree. /An average slope for the entire gully is sufficient unless
there is a marked chanpge between several consecutive structures.

Nothing should be placed in the colurm "Probable Source of
Trouble"” Form A, unless the cauge is well determined., TFor example, on
Project #13 a tabulation of "Probable Source of Trouble" for several
thousand gullies surveyed indicated the fcllowing interesting data:

Causes of Gully Erosion

(a) Livestock (trails, saltelicks, and feed lots) = = = = = = = = 21l.7%
(b) 518ps = = = = = = e e e m e e e . - m e = = 17,3%
(e) Excessive grazing = = = w = = @ = = o o & = = « - = - = 0w = = 15.5%
(a) Haul roads (cld lopging brails, farm roads) = = = = = = = = = 14,.8%
(o) Sub-surface erosion (underground seepnge) = = = = = = = = = = 11.6%
(f) Rodents {ground hogs, moles, etce) = = = = = = = = = = = = = 2.9%
(g) Public Highways (improper droin placenent) =- = = « = = = = = 240%
(h) Springs (overflow and approaches) - = = = = = = = = = = = = = 1,1%
(1) Miscelloneous = = = = = . e e m e, m .. m ... - 1%,1%

Such irnformation can be of great value in fubure planning and in
concentrating control mcasures where they are most effeckive., Figures
indicate that haulwrcads cause almost 15 out of every 100 gullies, there-
fore they justify considerable attention,
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A key to reading the symbels as given on the Sample Soils map,
page 77, has not been included because such can readily be cbtained from
the Soils Division of the Conservation Service, who may revise them from
time to time., Suffice to say that symbols generally fellcw this definite
plan; :

Scil type -« land use
Slope - Erosion

The syrbols ond definitvions for cultivated crops, field crops,
pastures, and plantings as shown cn the sample agroncmy map, pare 76,
can be obtained from the Agronomy Division of the Soil Conservation
Service. They may be subject to frequent revisicn, so were not included,

B
MATERIALS AND LABOR FOR STRUCTURES

In order to have o practical demonstration in erosion controel it
is necessary that the structures erected be built from material generally
available on the average farm. Such material is usually clagsified as
local and may include sand, gravel, brush, straw, rock, limestone, timber,
and posts. Permonent structures could be used but ordinarily are not
practical from an cconomic stondpeint. Alsc the average farmer would be
unekle to oxtend on the crosion contrel program if he were expected to
erect concrete or masonry dams that require a comparatively high outlay
of eashs Temporery structures are usually long-lived enough to survive
until vegetation has rowestablished itself, which is our ultimate objective.

The engineer conducting the structure survey should moke an
approxinate estimate of the amounts of lecal material required and should
inform the farmer as to these amounts and where thsy will be needed. The
farmer can then commenece at once to haul his materials to the site of
construction before construction opernticns actunlly commence., Where a
great deal of rock, brush, or %imber is required it has been found to
expedite construection efficiency to send out materinls erews beforchand
to assist the farmer in gebbing oub his moterials. Such advance crews
of from 3 o § men can assist a great deal in assuring sdequate supply
of all materials,

In organizing gully control crews it has been found that the
least man hours per structure resulted from crews not exceeding 8 men.
Such small erews are not possible where comp labor is used. However,
the crew should be held to not over 25 men per foremon if possible,

The forernon of a crew should be supplied with Specificabion
Sheet, Form 4, poge 78, and Forms B and B=1, pages 82 and 83, re-
spectively., All items included under these forms have been checked
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agoinst the most recent recommendations as to classification, It is
hoped that the forms are flexible enough to meet the various phases of
work to be recorded. Form B, page 82, Labor, Transportation and Equipe
ment is selfe-explanatory. Sample insertion has been made. The same
holds true for Form B-l page 83, Materials. It is to be remembered
that if o dam is glven a definite job number then that number should

be used whencver auy additiomal work is done on the structure, as for
exonmpls, maintenance work,

Form 8C3 B«2, Planting and Seeding Resord, page 8, should
be turned over %o the crew foremon ot the time seeding oporatiouns are
%o be carried on, i,6. in seeding or planting season. A4t such time
the foreman should also make all repairs neccessary on tho structure
being seeded or planted.

When o faorm has been completed the Forms should be atiached to
the form map and sent into the ecentral office for recording of data
ond for filing purposes. If seeding or planting is not o be done
immediately following completion of strueburcs it is sugpested that
all forms be sent to the central offices Form 3CS B-2 can then bo
gotton, togethor with the maps, at such later dato as noeded for secoding
or planting.

i complete reoord of all structuros should be kept in order
that failurcs and reasons therofor can be determineds Whenever rane
hours per struecture run conslstontly high it is recommended that manner
of construction and ¢fficioncy of crews be investignted for tho source
or gources of troublc.

In all typcs of govermment work it is well to keep very complote
reeordss By so doing 1t is possible %o have awailable informabtion on
various phases of work completed.

C
SHEET EROSION CONTROL STRUCTURES

Under the discussion covering solls wos classified $he different
types of erosion occurring in West Virginia. The classificoabion covering
sheet crosion will bhe rcpeated for oonvenience.

1. BSheet Eresion

(1) Moderate

(2) severc
a = Pockets
b =« Galled areas
¢ = 5lips




~B6m

The type of struecturc utilized under ench crosion class will
noew be taken up.

Shect Erosion

Where sheot cerosion is moderate no mechanical structurcs will
be required. Proper ficld robations and contour farming, furrowing and
stripping will ordinarily suffice for positive control. Sovere shect
erosicn resulting in pockets, gnlled areas, or slips will need additional
measurcs for control,.

a = Pockets = These can be held by filling with mulch, brush,
straw or rocks. Brush or straw should be tied in place. 4 pocked
ordinarily has no watershed cxcept for its own surface arco. Stock
frequently are the couse for such pockets to forme It is well to seed
the arca following the cover application.

b = Galled arcas ~ These may be very severely ercded and should
receive careful attention. Brush motting or strips moy be laid as shown
on page 87, Figurc 17. Where the arca is large and brush scarce therc
is o decided saving in materials by laying brush in strips, The strips
serve as minlature bench terraces to collect soil and cstablish vegetation.
It is well to lime, fertilize and sced o galled areo beforc brush has
been placcd. A brush mat or strip may be defined as a man-mode cover o
conbrol woshing until vogetation can be cstablisheds 1% is a very cconomi-
cal and effeetive way of doing it as exporience has already shovm. The
materials may be gotbten from woodlots by removing scrub timber of no
commereinl value or by btrirming scattered trecs. Sprouts cut from old
stumps are very desirable ag is also the ordinary "filth" such as brush
growing in pagturcs. In no case should shade trees be "butchered" or
wholc arecas be depleted of troes.

The tocls nccessory include axes, pruning saws, hand-axes,
climbors, wire cubting pliors, light sledges, matbocks and hormers.
Brace wire (#9 galvanized) should be available. In no easc should
barb wirc be used for anchoring brush mots because of dongor o stock.
Where possible it is better o use forked stakcs to hold mots or weight
dowr: with rock and logs.

The brush is laid on the croded arca by starting at one of the
uwpper corners ond laying o strip across the tope 1In laying the mat the
brush must be trimmed dovm and all high ridges on tho area smoothed with
o mabboeks This will assure the mat clinging closer to the ground. The
second strip is laid below and overlapping the first. In all cases the
material is laid with tho bubte~ond down hill. Finc brush is kepb necar
The botbtome Strips orc conbinued until the specificd arca is covered,.
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The mat is fastened by laying poles ancross the hrush and staking into
position by a system of criss-cross stakes. If the ground is too hard
for stakes the brush moy be weighted dowm with heavy poles,

Where o galled area is boo large to cover even with brush strips
it is well to resort to fencing, A fenced arca will reclaim itself in
tinc. The process may be hastened by liming, fertilizing, and sceding.
I% is important that stock be kept out. VWhere hogs must be guarded
against, woven wire is preferable. All feneces should be well built and
braced., The following specifications are suggested:

1. Posts must be of good quality, sound, not under L inches
in diameter at the smnll end, 6 %o 7 feet longe Not to be set over
12 feet aparst,

£+ 8ix strand foncec to be used with the spacing as follows:

=
fiad)
1

L inches from ground
8 inches from ground
#3 -~ 1 inches from ground
20 inches from ground
%0 inches from ground
li2 inches from ground

4

PuTIR
THE
11

Corner and brace posts should of coursc be larger. Posts must
be plaged not less than 2 feet in the ground and well tamped. Corncr
posts should be set 3 feet dowm,

¢ = Slips ~ In general we can sey that slips represent nearly
total destruetion. It requires complete reclamation to bring them
back to normal, The cost of reelamation would make such work prohibitive
crdinarily. The best practice is to recommend reforestation on and
surrounding these arceas, It is also possible to fence and seed them.
Where topography permits in certain cascs an inbercoption ditch mny
be placed above the slip to carry away all head waters. Where this
is done carc must bo cxercised to discharge the water wherc it will
not couse gullying,.

D
GUILY ERCSICN CONTROL STRUCTURES
Pype of erosion:
II. Gully Erosion
(1) Head Erosion

(2) Channel Erosion
(3) Lateral Erosion
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In gully control there are two possible objeetives, namely,
Stobilization and Reclamation. Reeclamation in general for large gullies
would bo too costly o process on o short time period, so will not be
congidered here, It is sufficient to indicate that stobilization may
evontually preoduce complete reclamation. The minor gulliocs can of
course be completely reclaimed by diverting head watcrs and plowing
or filling in the channels, so the following discussion will rofer
primarily te stabilization of major gullies.,

(1} Head Erosion - This is a very dangerous and active type of
gully erosion because it progresses rapidly up a slope once 1t gets
wder way. It endangers good land and poor alike whon started. Effort
should be made to plug head erosion by placing gully head plugs and by
stabilizing the channels to prevent the head plugs from undermining.
Two structures, the brush and the rock overfall, pages 92 and 93,
Figurcs 18 and 19 have been used for gully plugs. 4 year of exporience
has indicated that a high percentage of failure results from brush over-
folls, For that reason their usec has been largely discontinued on
Project #13. Where it is impossible to make rock overfalls because of
lack of matorials tho brush structurc will have to be used, so speeifi=
cations for it are included. The roek overfall is ordinarily rccommended,
but it is thought thot in some types of soil the brush overfall may prove
more successful than it has here,

The brush cverfall is constructed by clearing away any loose
material immediately below the break until the sod actually overhangs
throughout the length of the original break, It is not necessary %o
bring the break to a straight line because the only object gained is
greater easc in fitting brush later. & bunch of brush or litter is
now selectod and placed up and uwnder the overhang and at right anglos
to the line of flow. Longer and heavier brush is placed over this om
line with dircction of flowe. Bubtbs are planced down slope. Poles are
ploced oerogs this brush and the brush pushed firmly into the break.
The poles should be short enough to follow the line of the brealk in
order not o leave loose brush. Poles may be fogtened with stakes.

A properly constructed overfall extends at least twice as far down hill
as the break is high, It provides a smooth path for water to flow over
on abrupt fall in the ground.

The rock overfnll, Figure 19, page 93, is similarly constructed.
The important thing is to have suitoblc moterials. Project-#lB s
forbtunate in having avoilable washt quantities of flag-rock which are
easily laid up as strucbures. These were ubilized to construct rock
overfallses Flage-rock, if well laid, makes a structure that approaches
rasonry in strengbh and yet is far cheaper. The seceret of a strong
structurc is to lay the stones in such o monmer thot they "key together!
and are held by weipht from above. Where only boulders are available
it is recommended that masonry be used because of the uncertainty of
loogse rock structures,

1
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In laying the flage-rock a very shallow treneh should be dugy

across the gully about as far from the ercst as the break is high.,

The ditch should be curved upstream. In this dibeh the first layer
of flat stones is laid. On these are laid the gecond layor in such

o maimer that they overlap about half the surface of the first layer
~and so on up until the overfall is compleoted, The finished jcb should
have o "shingled" appsarance ard should extend well up on each side of
the gully. The structure should be flume-chaped,

(2) Channel Erosicn - This is & type of erosicn familiar to
netrly everybody as ordimary gullies. Channel crosion may be eithor
lateral or vertieal, depending upon the condition of the bottom and
the type of soil. It is also variable according to the soil strata
in which it is cubting., Onee a gully has cut into the C-horiszon
it will usuclly eat rapidly and frequently has vertical or even ovorw
hanging banks., If the gully channel is of hard bobtom such as shale
wo will find a semi-lateral erosion cceurring. It has been stated
before that little is yet lmowm of the many variables producing the
conditions indicated,

The engineer has ot his command a host of strucbures that may
be uscd to control chammel crosion, Final choice will depend upon
severity of ercsion, type of gully, slope of gully, extent of water-
shed, prevalent soll, available materials, locality, and permoncncy
desireds He should be constantly on the alert for practical and
scenomical ways of cemtrolling orosion. ™ It is a-wbll ostablished fact
that o structure which has been successfully used in one geetion of
the counbtry moy be o complete failure in another. & careful and
critical observer can learn more from Mother Nature than he can from
reading 21l the boxts on erosgion enginesring ever written. Therc are
many examples of maburnl checkedams that evlipse the best we can afford
to build,

, Chonnel erosion may be ccntrolled by (a) diverting head waters,
(b) by £illing in the chommel completely, or {c) by stabilizing the
chennel.

Where head wabters are diverted it is frequently necessary to
srect o fence around the gully to assist vegebtation in healing the
chammel., The water con be diverted through the use of o diversion
ditch, Figure 20, page 9. Before o diversion ditch is resorted
to 1t is well to determine whether o suitoble outlet is availoble.

If an cutlet appears doubtful it is wiser not to use a diteh at all,
In staking out the ditch it is well to place grade stakes every 25
feet and offset from the center line up~-slope in order to kecp stakes
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_clenr of the dirt which later forms the lower side of the ditch., A
large diversion ditch should be run in by level or transit rather than
by clinometer, It is well to start the line at the peint where the
sutlet is to be and run back, The diteh itself is ocub with slcpes as
indieated on the disgram. The material for the £ill should be well
packed and then seeded, In ditches carrying much water it is well to
place sod strips ot definite intervals. It maoy even be necesgsary to
place spreader boards instead of sod strips. A diteh should never be
"run in" by eye alone as such practice will deliberately invite
destruetion,

No definite grade can be recommended but practice has indicated
thot for very erosive soils a 1% glope is satisfactory. The water should
Tlow with sufficient veloocity to carry its burden of sediment without
excessive deposition and yet cutting should not take ploces Velceities
between 2 to L, feet per second are ordinarily not dangerous. Much has
been written regarding the carrying capacity of flowing water yet the
subject is nct very well understood. It might be well to mention here
that the weight of objects which can be transported by water varies as
the sixth power of the water velccity,  Thus if velocity be doubled
the tronsporting capacity of the wobter is 6l times as great, It should
be kept in mind, however, that transporting capooity applies to the size
and weight of particles moved by the water rather than to the total amount
of moterial carried, Materials are transported by flowing water in three
ways: (1) by continuous suspension; (2) by intermittent suspension; and
(3) by rolling or skipping along the bed of the stream. Of course a great
cmount is earried in solution in addition to that in suspension but this
ls not being considered, If a solid whose density exceeds that of water
is introduced at the surface of a stream it tends to settle gradually
to the bettom under the action of gravity as it is carried along. The
downward force is opposed by a greater or smaller upward foree created
by the irregularities on tHe chamnel bottom and thereby a certain amount
of materiol is kept in suspsunsion. The upward pressure of the deflected
currents varies ns the square of the velocity. Since the amount of
moterinl held in suspension is proportional to this upward pressure it
also varies as the square of the veloecity. The total quantity transported
in suspension varies as the oube of the velocity., It may further be
stated then, that as depth and veloeity increase, the transperting power
increases ropidly. The diameters of similarly shoped solids which the
woter is just able to move vary as the square of the velocity, and their
weights theorebically as the sixth power of the velocity and actunlly
53 the fifth power,

In ordinary diversion ditch design it will be impractical to
moke the above investigations but it will be necessary to design the
dilteh capocity for total runoff thot might accumulate. Sufficient
informntion to make such computation has been included under Hydraulics
Part Three. There are indications that the variasble pgrade diversion
diteh may merit corsiderable sttention. Where such a diteh is employed
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allcwance should be made in the channel design.

Great care must be exercised in design of the ditch outlet
(Figure 21 page 95). If flag-rock is not available a masonry outlet
is recommended. In some cases it is possible to empty o diversion ditch
direct without the use of o specinl outlet, Such is only possible where
flow is very intermittent and a well sodded area is available, The oub=-
let end of the ditech in such cases should be "flared",

Where a whole series of gullies has channeled out a large area,
the diversion diteh may be used to advantege. All water may be guided
into one chammel by its usé, and that channel protected by additicnal
structures. The other chammels can then be allowed to heal.

(b} By filling in chamnel - This method of control is effective
on the smaller gullies only because it is in reality complete reclamation,
which is far too expensive for average form land. On the lorge gullies
it has been found best practice to plew in the sides to a moderate slope,
fence the gully and seed it. 4 bulldozer is very effective for cutting
down gully banks. Powder could be used but is too expensive, Where a
bulldozer is not available ecrdinary scrapers can be used. All headwnter
must of ccurse be diverted.

(¢) By stabilizing chammel - This methed of gully conmbrol inm
volves the use of check dams. The following types are in commcen use and
will later bz considered in more detail:

1. LO{‘; Dam

2 Wire Dam

%« Brush Dan

L. Stake Dam

S« Rock Dam, rectangular spillway
6. Rock Dom, curved spillway

7s« Bag Dam

8+ Sod Dam

In the selsction of the type of check dam to be used, the size and
characteristics of the gully must be considered, the extent of watershed,
the slope, probable runcff, moterials available, permanency desired, soil
eharacter, and supplementary structures. Whatever type is selected in-
volves almost identical fundemental construction principles. The basic
rule as to general poliecy, nomely, "where water can be controlled, concen-
trate it; where 1t cannot, disperse it" well applies here, Water is to be
controlled by cheeck dams, therefore its flow must be concentrated through
preper weir nobtches and adegquate chammels. The structures must be built
strong enough to care for heavy flews. The generally applicable features



inelude:

(a) Base of sbructure placed well below chanmel bed to form
cutoff walla

(b) Wings to extend sufficiently into gully shoulders to aveid
ocnd cutting.

(¢) Spillwmy of capacity sufficient to carc for 2ll floods
covering the life of the structure.

{d) Apron to tic-in to the main structurc and to exbtend woll
below it

(o) Yaberials to be duroble and well placed.

(f) Fill above main structure Lo exbend back full disbtance
specificd and to bo bamped.

{g) Immediate vegetotive control mcasures,

(h) Adequete maintonnncc.

The hydraulic features in design of a dam have been covercd
under Poart Three of this Handbook, ineluding typc problems for both a
notched and curved spillvmy. Froper comsbtruction according te specifie-
cations will of coursc bo tho responsibility of the ongincer and crew
forcman, Uravwings have beon ineluded to show comstruetion fentures.
Some changes hove been recommended sinee the drawings wore first mnde
ond thesc will be indieated in proper ploace. Before geing into the
field 211 required tools should bo checked as mony will bo needed for
his type of work, Thoy showld include cross-cub sow, post-hole dlggor,
spud bars, plicrs, pinch bar, hammer, shovels, mattock, tape, hand level,
tanmper, oxos, hand-oxo, stone hommer, cunt hooks, spade, sod knife, hay
fork, brush scythe, and slodge. Where sceding is done rakes should be
taken along. 8%aples, various sized nnils, brace and woven wirce must
be made available to the erows. When it is necessary to split logs
or break rock the forceman should take along iren wedges and stone wedges
as well as o sbriking drill whore minor blasting becomos necessaryes

Log Dom

Refer to Figurss 22 and 23, pages 99 and 100. This type of
sbructurc is very strong and durable, It is ideal to place in decp,
narrow gullics having lorge drainage arcass. TVhore possible, o log dom
should be placed at such sbrobtegiec points as, for example, the inter-
goction of two or morc gullics.
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Right here in the boginning of the discussion on dams it might
be well to state that ordinarily it will not be cconomical to placo
check dams so that the apron of one dam will be just slightly above the
spillway crest of the dam below, allowing of course o natural gradient
of 1% to 2% botween the two structurcs. It is felt thot dams should
rather be placed strotegieally at vontage points along the gully wherce
sitcs arc suitable for a struecture. Considerable saving can be
accomplished through such practice and results obtained will be
comparable to the other methed., Tho placoment policy applies to all
typcs of choek dams with the exception perhaps of the sod and bag dams.

Materials for a log dam should consist of logs cut 6 to 8 inches
in diamctor, smooth wire, and flag-rock. About a yard of flag-rock
will be rogquired to build & good apron and to slab the approaches. The
logs used should have a uniform diameter and should be straight.

A% the site selected o eore trench is dug perpendicular to the
center line of the gullye. Spocifications arc shown on the figurcs.
A large base log is placed in the trench. Posts are now placed along
the dowmstrcom ecdge of the base log. Thoy should be =8 inchos in
diometer and leng cnough to exbend to the top of the gully bank,
Spillway posts are set on cach side of the proposcd weoir notch with
about 6" clearancc from the cub., A post is scb ot cach end of the
dams TWhere the strucbure cxeceds 20 feob in lengbh, exbra posts should
be useds It is well bo remombor while digging the core tronch 'to throw
the coxcavated dirt up slope several fect in order to make it readily
availeble for later use on the back £i11., After the base log has been
placed the other logs should be fitted. They are pub one on top of the
other until the height of the dam is reached. They should £it olosely
together, even at the expense of trimming out projoctions or smags. Often
a good fit may be obtained by rolling thc logs. About a #9 bracc wirc is
used to tie the logs to tho upright posts. If propor length logs are
available the dom moy be built to the height of the spillway crest and
the shortor logs used %o conbinue with the notche Finnl dimensions for
the dam spillway may then be obtained by sowing out the weir notch to
proper sizc. A trapezoidal woir noteh mnkeos a very pleasing appearance
and adds to the symmetry of the structurcs It is very important that
the spillwmy crest log be placed asbsolubely horizontal so that water
flowing over the spillway will not concentrote in one cornor of the
notch, thereby endangering the apron. The Abney Level may be used to
obtain o horizontal crcst. Aftor the dam proper is completed and the
noteh cub oub the back £ill is put in. Where o closc fit was not obtained
the chinks between logs should be stuffed with broomsedge, straw, or
similar moterial such as leaves or muleh and the dirt placed agoinstd the
dom loyer by layer until the £ill reaches the spillway crest. Bach layor
must be thoroughly tomped as it is put in. The £ill should exbtend well
up on the shoulderss It is recommonded that £ills be secded. Experience
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has indicated on past sbtructures that a -sod crest placed on the spill-
woy is very satisfactory. It has further becn found that the flapy rock
crest indicated on tho fills as per the drawings of log dams {pages 99
and 100) are not satisfactory and will undermine. Therefore it is
recormended that the flag stone not be placed near the crest of the £ill
but rather be used only for the shoulders as a ripwrap and for apron
congtruction. The banks above the gully should also be sloped and seeded.
Reference should be made to Part Five which gives in detail the planting
and seeding of structures.

The final fenture of the dam will be the apron below the spill-
woeys It is probably the most important single thing in the whole structurc.
It is best construeted by removing 21l brush and loose material from the
bottom of the gully and then lining the chanmnel with flag stone starting
several fect belew the dam. Immediately following the discussion on dams
will be a deseription of apron construetion which should be referred tos
The apron indicated will be applicablc to the log dome From the type of
matorial that goes into btemporary doms we know that the life of the
structurce will be limited. Thercfore the whole unit must be so planned
and placed that a washeout will not result when the structure rots away.
For this reason we arc advoeating building an adequate rock apron that
will act as o scmiwdam cven after tho mein structurc is gones This can
very well be done by building the apron up to within two-thirds the spill-
way height of the dam and laying it in o flumc shape so that it will always
act as a waterway and still will retain soil above it, It is, of course,
assumcd that by the time the structurc has decompesced sufficicntly to be
of no further value vegotabion will have osbtablished itself sufficicntly
to provent further crosion, with the help of the rock apron remaining.

The lo;; dam is expensive so must be used in places wherc it can
colleceot considerable soil and where the land it protects has economic
valuec. 48 before stated i1t is suited to narrow, deep gullies., s o
final precaution before leaving a structure the foreman should moke o
carcful inspeetion to sco that spuecifications have beon followed and the
unit is complete. The little added cffort nccessary to make a well
appearing dom is worth while, All wongto material that is left should be
noatly piled or sheould be placed in the gully above the structurc. Never
lcave an untidy work sito,.

Tire Dam
Refer to Figures 2, 25, 26, pages 102, 10%, and 10k.
The woven wire check dnm has proven tc be a very satisfactory

structure beeause of its low cost and ease of construction. It is
suited t¢ broad, shallow gullics with small watcrsheds. On the Spencer
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Project a 39 inch woven wire was used, which proved adequate. Many
engincers recommend chicken mesh for the wire dam. The heavier
galvanized wire will, of course, be the morc pormonont of the two
and should be used where possible.

Tho dam is laid out by strotching a tape from stake to stake
straight across the gully. From the conter of the tape a distance
cqual to onc-sixth of the length of tho dom is measurcd down stream
and marked. This point determines the curve of tho wire dam. A ditch
_is now dug along a curve joining the shoulder stakes, with the point
marked out at the distance previously givon. The dirt from the diteh
should, of coursc, be thrown up stroam to be used later as o fill,

Posts arc now placed on the lowor side of the tronch., They
should be slanted down stream, cspceially thosc in the centor third of
the dams The post interval should not be more than four feet. For the
spillway area the two centor posts should be ploced at egual distances
from the center of the gully. After the posts are in place and well
tomped in the ground the wirce is stretehed across and in the trenche. A
good practice in placing the wirce is o invort it so that the small mosh
will be at the tops All wirc should be woell stopled so that it will not
pull loose. Caorc should be tokon that the wire forms o symmetrical curve,
cspeeially in the part used as o spillway. It is good practice to bend
up the bottom of the wire that is in the trench; by so doing the wire
will be held by the soil and £i1l abowo it., The £ill is mnde by ploeing
fine brush sogoaingt the wirc. Brush should be laid longitudinelly and
alternated with layors of dirt. This process is continuced until the
trench has been filled. From this point the apron of the dam can be
built at the some time as tho £ill is boing continucd by ramming brush
through the wirc with butts laid up stroam. The brush so placed as part
of the apron will be well anchored to the f£fill. The £i1l should now bo
continucd until the cerost of the spillvny is rcached. The final layer
of any £ill must, of coursec, be well pocked dirt. No flogwstonc rock
should be placcd on tho ercst of the dom as this has proven unsatisfactory.
The rock has been shown in the figurcs, which were dravm boefore time had
proven such practice wnsatisfactory.

The apron should next be built; some procedurc will be followed
as for the log dom in conformity with speeifications immeodiately following
the discussion on dams. The apron on the wire dam will have to be very =«
wide ond should be built to two-thirds of the cffective hoight of the
spillwaye.

Brush Dam

Rofer to Figurcs 27 and 28, pages 106 and 107.

A brush dam is built in gullios similar to the typc in which wire
domg are ploced. TIh moy be used where wire is not available and whore the
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Figure 28
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watershed is larger than that used for wire dems, The structure is
strong and if well built will last for yoars depending, of coursc, upon
the type of material used. A durable and tough brush is rccommended.

The structurc is staked out similar to the method used for the
wire dam, with wings oxtending up stream approximatoly one-sixth of the
length of the dams The tronch is dug on the curve thus laid out according
to tho specifications indicated on the diagram. Posts arc placced on the
lowor side of the ditch and are tilted as shown. Tho posts should not be
spaced more than three foet apart. In placing the brush for the f£ill,
which in rcolity comprises the main part of the structurc, the matcrial
should be placed in altornate layers, namely ono layer ruming longi-
tudinally the length of the tronch and the next layer running longi-
Sudinally at right angles to the trench, On this latter layer the
matorial should be laid with butts down stream and the tops cxbending
wecll over and across the tronche When near the top for desirced height
the material is tied down with brace wirc which has boon diagonally
placed and staked on thoe up strecam side of the fill., A final layer of
carth is then tomped in place. On the .£ill no flag rock should be placed,
which is contrary to the specifications shovm, bubt as before stated, the
rock was indiecated on the drawings prior to the time it was actually
found thot such praecticc was detrimental to the life of the structurec.

The foremen should be caubioned in plaeing the brush for the
body of the dam. This brush must be well picked and should be rammed
into place, When finally tied down with bracce wire it should fit snugly
and be solidly packed into placo., No unusuelly large material should be
used for such a f£ill because it maokes the structure subjoet to unduc
scopage, with resultant failurc. Refer to Part Five of this Handbook as
to manner of sceding and planting the structure., Whore possible it is
recommended that scd strips be placed along the crests of the dam,
aospoclally over the length thot scrves as spillway,

Final construction will be the apron. Please rcfer to discussion
covering apron econstruction which follows the specifications for dams,
The apron on the brush dam should be built wide, as in the wire dam, and
should equal two-thirds of the total height of the spillwoy.

It is reccommended that the brush dam bo used as little as possible,
becausc indications are that it roguires considerable man hours in cone
struction,

Stake Dom
Refer to Pigures 29 and 30, pages 109 and 110,

The stake dam is applicable to vory shallow gullies that have a
small watcrshed and o gentle slopes, The dam is in reality mercly an
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obstruetion placed to build o small boneh and yot capable of confining
water flow,

The dam requires no trench, It is sufficicent to morcly clean off
the loose dirt on the sitc. The structure is marked out similar to the
mcthod used for the wire and brush doms, Tho wings arc placcd up stream
about oncwsizxth of tho longth of the dam. It is not to be assumed that
beeause the strueture is small it should not rceceive the most carcful
attention in construction, If improperly built the dam may couse a
great deal of damage to the gully channel, The accompanying figurcs
indicate elearly the mothod of construction. It will be noted that
fine brush is wused for the body of the dam and thot this brush is held
in place by stakes driven into the ground,

Speeial mention should be made of the apron construction, In
this typc of dam the spocificotions given under apron construction fol-
lowing the discugsion on doms is not opplicable., Fine brush is intor-
woven with the material comprising the body of the dam, It is placed
at right angles %e the line of the dam or in other words parallel to tho
gully channol, The branches of this fino brush arc allowed to extend
below the lower row of stakes and thereby form the apron. It is well
to cover thc apron with loosc rock as indicated in Figure 29, page 109,
For assurance against washing a thin layer of dirt should be removed
from the site of the apron in order that the matorinl used will fit snugly
to the channel bed,

No flag rock should be placed on the crost of the dame This is
not in conformity with the figures. In building the body of the structurc,
be sure that the brush is firmly packed bofore it is anchorcd. The final
layer for the £ill should consist of earth tomped into ploce,.

The stake dam will be found very useful in construction work.
The man hours required are small and ordinarily supervision will be at

a minimum,

Rock Dam - Rectangular Spillway

Refer to Figurcs 31 and 32, pages 11% and 11,

The reock dam as a structurc is highly rccommended for usc in
crosion conbrel in West Virginia. It is a permancent type of structurs,
very durable, and is easy to construct. The material cnlering into its
construction is ordinarily available on every farm. The structurc may
be built of loosc rack cnbirely if flag rock be awvailable. Where boulder
type stone must be used it is rocommended that masonry sbructurcs bes built,
beceause cxperience has indiented that looso rock of a cireular or somi=-
cireular shape will not withstond action of running water for any length
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of time without toppling or sliding, If the flag rock carn be obtained
and is laid properly, a loose rock dam will last indefinitely. It is,
of course, important that the flag rock be so placed that all joints are
broken and that the whole structure will key togebther with each unit
being held in place by weight from above, On very large gullies with on
extensive waotershed the rock dam is not recommended, nor is it advisable
to use it on o broad shallow gully.

The first process in construction is the digging of o ditch for
a cub=cff wall, The ditech is to be dug necording to specifications
indicated on the diagrams., Rock is then placed in the diteh and a base
provided for the top layer, As soon as the top of the trench has been
reached a layer of rock is placed several feet down stream and ot right
angles to the stream bed. From this toe layer, which is dug down,
additienal layers are added, with each succeeding layer placed two or
three inches up stream according to the sizes of the rocks The layers
are continued until the desired height forming the crest of the spillway
is reached. From then on layers ars placed on each side to form the weir
notehs ALl rock should be leid abt an angle to the horizontal, as indieated
in Figure 31, page 113, In sc¢ tilting the rock the struebture will be held
in plaes by dirt deposited. Alsce the tilt will toke care of any settling
down stream that may take place,

It will be noted that the apren in the rock dam is an intregal
part of the strueture itself, In other words the entire dam including
apron is built as o uvnit, The final tilt t¢ the rock dam should be in
the vieinity of 15° This will allow the water to walk down the danm
instead of esplashing over in o vertieal drop. Not encugh emphasis can
be placed on careful placement of the roek teo form alternate layers
comprising a unit that will be held together by the weight of water and
dirt above and behind it, The laying of the rock is very similar %o
the ccnstruction employed on the roek cverfall.

The f£ill for the dam should consist of sarth and brush well
tomped inbto place. ¥here fine brush is not available use broomsedge,
straw, cr similar moterials., The whole f£ill should be well tamped, and
sed strips ploced along the erest ond wings of the structure will aid
materially in preventing failures., It is again mentioned that the apron
oonstruction of the rock dam is not according to that indiecated for the
other dams. The apron here comprises the body of the dam ibtself.

Time spent in looking for suitable roeck to be placed in the
gbructure will be well spents A stone hammer should be on hand at all
times to be used in breaking rock to suitable size.

There are records available which indiente thot this type of
structure will last for fifty years or more, so it is still o worth
whils structure in erosion control, As o precaution it is to be noted
that where it is necessary to haul rock long distances for the dam it
may be more sconomlenl to construct other types of dam.
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Rock Dam - Curved Spillwoy

Refer to Figure 33, page 117.

In many cases 1t is preferred to use o rock dam with a curved
spillway in preference to the notch weir emplcyed by some engineers.
The curved spillway gives the advanbage of aspreading the water rother
than concentrating it and would be desirable in a broad gully.

The curved spillway dam has almost similor construetion principles
as were employed for the weilr notoh type. The only difference is that
the spillway is formed by building the wings of the dam higher than the
middle as the dam progresscs. Upon completion the spillway will be a part
of the structure. In order to produce o more symmetrical spillwey it is
suggested that the rock used toward the center of the curve be smaller
than those placed on the wings. It will take considerable practice
before men become prefiecient in laying o rock dam, but once the art is
learned work progresses rapidly.

It is not possible to give a written description of the exoch
method to lay rock. Experience must be the teacher. If suitable
materials are not available it will be impossible to turn oub a good
job, so another type of gtructure should be selected or masonry be eme
ploysd. The curved spillway rock dam reguires no separate apron, the
apron being built inte the main structure os indicated in the previous
discussion for the rectangular weir dam. It is recommended that the
111 for the rock dam consist of earth well toampeds Sod strips should
be placed along the erest and wings of the strueture. Please refer to
planting and seeding instruetions under Part Five for detoiled instruce
tions.

Bag Dam
Refer to Figure 3l page 118

The bag dam is to be used in very shallow swales., It is merely
an obstruetion to cateh silt and debris and to establish a strip of
vegetation. The bags are to be partly f£illed with earth well limed,
fertilized and seeded and ars then to be placed in a very shallow trench
dug at right angles to the line of flow in the small gully being treated.
It is important that the bags be fitted elosely together and that the
center bag be placed lower than those in the shoulders in order to
concentrate flow of wabter in the center of the gully. VWhers such is
available it 1s suggested that the bogs be treated with some moterial
that will prevent immediate deccomposition of the burlap.

The bag dam is ecasily constructed and shouwld be widely used
wherever gully erosion is still moderate. If it is felt that considerable
woter will flow ovor the conter bag, it is suggested that an empty sack or
two be plaoced down stream from the spillvmy for an apron. Those gacks
could be staked dowm and would be entirely adequate to care for average
flowe
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Sod Dam
Refer to figure 34, page 118,

The sod dam is utilized in conjunetion with the bag dam.
Ordinarily it will not withstond as large o flow as will the bag
dam. Exbtremely shallow gullies form an ideal site for the use of
sod strips.

Moterial for this dam oonsists of sod strips ocub into lengths
which may readily be handled by workers. The strips ean be rolled
into a bundle and transported to the site of construetion, Buch strips
should be carefully cut. It is important that no sod be cut from an
areo where such operation might induce further erosion. The depbth %o
which the sod is cut will vary with the type of sod used. Sod dams
should preferably be built during early spring when rainfall is
sufficient to re-establish the sod,

" Where the sod dam is used it is important that the distanee
between successive doms be small, otherwise ehomnelling will occur in
the gully. The strips should follow each other about fifteen feet,
depending of course on the slope of the gully.

Apron Details

Refer to Figure 35 page 119.

There is included herewith a drawing of an apron indieating
genercl construction features applicable to all ‘temporary dams discussed
excepting the stake, rock, sod and bag dams.

It was felt that, due to the relatively short life of the temporary
struectures, provisions should be made to care for the gully channel after
the structure has rotted away. A rock apron was decided upon, to be so
built that it would permanently hold the fill above the dam even after
the dam was gone. It is, of course, assumed that vegetation will have
beeome established at suech a time.

As indieated in the figure, the apron should be bullt ef flag
rock placed in alternats layers and extending be at least twow-thirds
the height of the spillwny. The whole apron should be built in a flume
shape, thereby affording a definite chamnel for stream flows The toe
rocks on the apron are to be dug flush with the bed of the channel.
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Whorever a continuous flow of waber is encountered it will be necessary
to make the apron of masenry construction.

When placing roeck in bhe apron it is important that all joints
be broken and that the rock be tilted slightly in order to "key" the
structure, '

(3) Llateral Zrosion - This type of crosion is prevalent whercver
we have channel erosion and is found to a greater or minor degree, do-
pending upon thce seil characteristies, slope of gully, extent of watershed,
ctes It appeoars that when the gully bed reoches o hard layer lateral
crosion begins to toke its toll. Very frequently the small shoc string
type gullics comprising lateral crosion cvolve into primary gullics and
their control is thereforc of great importance,

Ordinarily proper stabilizotion of a gully choamnel with adequate
vegebative probeetion will prevent lateral orosion to any marked degroes
Where loteral erosion appears to have gotben a good start other means
will have to be used. In many insbances a small rock retaining wall will
be adeguate. The wnll will cateh cnough silt to form a small bench or
silting rescrvoir upon which vogetation can establish itself. Of course
where lateral erosiom has developed inbo regular gullies the ordinary
methods of gully control ns covered under (2) will have to be used. The
roek rotaining wall, (Refor to Figure 36 page 121) may be casily con-
structod and ordinarily moy be of a loosc rock type. It is imporbtant
that %he wall be cxbtended well below the surface of the ground to provent
undermining. Adcquatc vegotobive comtrol must be resorted to as a
supplemental control mecsurc. Fart Five takes up in detail this angle of
work. Plcoase rofer to it for further discussion.

Under cortain cascs of exbtremc latoral orosion it has been
necossary to uso diversion ditches to cubt off hend wmter ag woll as

to fonce in the arcc. Diversion diteh construction has boen previously
covered, so will not be undertoken ognin.

e

Subsurfoce Erosion Controcl Structurcs

Subsurfoce crosion was previously dofined under Part Two covering
soil considerations, It will bo roclassified for clority.

IIT, Subsurface Erosion
(1) Sheet EBrosion
(2) Channel Erosion

This typc of crosion still requires a gront deal of study bofore
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adequate control con be formulated. The sheet srosion in severe cascs
will result in large slips. It would appear that such could be prevented
by intereepting ground water obove the impending slip or by tiling for
proper drainage. Ordinarily such procedure will be far too costly.
Reforestotion on such arcas frequently solves the diffieulty.

Subsurface channclling, though difficult of control, has far
greater possibilities than has sheet orosiom. Refer to Figures 37 and
38, pages 122 and 123, Subsurface erosion con readily be determined
by a critieal observer. It is, of eourse, difficult to arrive at
positive control measures because most of the work must of necessity
bo underneath the ground. The rock stopper dam shown in the drawing
will serve to bring tho subsurface water to the surface of the ground,
where it can be morc readily controlled. Also if the structure is <
properly placed it will tond to silt the channel eroded abowe. It
must be remembered, however, thot frequontly these uwnderground channols
cxtend for several hundred feet up slope and thereby build up a tremendous
hydrostatic and hydrodynamic water head, The ordinary rock wnll will not
withstand a head of morc than three or four feet. Greater head will only
result In foilure through secpags.

When "digging in" the dam it is important that the strueturc be
cxtended for into solid ground on cithor side %o prevent wing washing.
The upstreom faco of the doam must be very well packed with fine material
such o8 stroaw ond finished off with a layer of carth pocked solidly against
the other fill. In ecase the subterrancan chonnel exbonds far up slops its
length should be broken by digging through from tho surface and placing a
structure.

Cases havo been rocorded where old gullies originally filled with
logs placced longitudinally have eroded into subsurfacc channels, caused by
the rotting of the logs.

As additional information is obtainod it will be possible to
develop struchures that will more materially control the type of erosiom

reforred to in this article. Tho onginsor should bo continuously on the
alert for ncw deviccs thot will afford proetical control.

B

Stream Control Structures

Beoouse of the faet that some stream control work has been and
is being undertaken by the Soil Comservatioen Serviec it wms thought
advisablo to include some information relotive to the structures thot
mey be ubilized in such work, Ordinarily what should be donc is %o
place temporary or semi-permancnt structures at vantage points aleng
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stroam banks. The structures utilized by Project #12 include (1) wing
dams, (2) jetties, (3) levecs, and (L) earth doms.

(1)s The wing dams (refer to figures 39 and L0, poges 127
and 128) ore showm in detoil on the drawings. They have proven very
satisfactory on smoller streams with watorsheds below 25,000 acros.
Of coursc o great deal depends on the size and density of the rock
availuble for the bulk of the dams O©Of equal importence is the proper
placcrient of the eribbing, which should be well anchored in tho strcam
bed. The size of sbtructurc to be uszecd rust be determined by the en=
gincer in conformity with the streom to be worked. The wing dom is
very useful in conjunction with jotbties to silt wide pockets along
strcam chonnels. Great care must be taken in locating tho site for
a wing dom. The structure should be placed in such o wonner that it
will doflect stream flow wherc desired and protect the streom bank
without cutting, A map of the arca te be werked should be available
before o final site is chosons Where pessible the timber ubilized
should be crcosoted in order to prescrve it a grecter length of time.

{2). Thc jetty is o deviee which has proven of great walue
in preventing cxeocssive erosion on streom banks and in helping to
facilitate depositing of silt. Jetties should be used in conjunction
with wing dams. The construction prineiples involved are showm on
Figure L1, page 129, Ordinarily jottics nced not oxtend very far
into the stream to be cffcotive. They have maximum efficicney whon
placed at right angles to the main ecurront flow, which gencrally places
them perpendicular to the strecom bank. The posts used in construction
must be well anchored, otherwise the jetty will be washed awny by
floating trash, :

(3}. In many cases the comstruction of levees will rcpresent
a very worth while outlet for o work program. They urc the oldest known
form of floecd protection and have boon uscd morc effectively for this
purpose than any other form of cither flood proteetion or flood prevention,
On the lower reachos of rivers they assurc the only sure measns of flood
controls A levee is in roality nobhing morc than o smoll carthen dam
placed at o wvarying distance from the banks of a strcam to serve as
artificial banks during flood periods, in order to protect bottom land
from ovor-flow, Construction featurcs are indicatod on Figure L2, poge
130. Before either construction or design is undertaken it is well %o
make an cxtensive study of the problem and to become familiar with best
engincering procticese It is useless to undertake lovee comstruction
without adequate equipment.

The spacing and height of leveces are inter-dependent. Loveos
can bo made low and far apart or high and ¢losc together. From an
cconomic standpoint the lecation would depond upon the wvaluc of the
lond recclaimed by fleood preventions The cngincer should compute by the
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rational method wherc possible the amount of runoff thot nmust bo token
carc of before he makes final decisien as to height and location of the
levees During construction the onginecr should suporvisc carcfully the
building of the cmbankmenb in order thut scepage will not later take
placc. It is impoarbant that the site of the levee bo well cleancd before
any dirt is placed. In staking out o loveo, sufficiont allovance must beo
made for settling which will tako place os the loveo is completeds The
omount of scttling will depend on the nature of the material, degree

of saturation, mothod of coenstruetion, and boaring powcr of the foundation.
In general, it is safe to assume setbloment of from twenby to twenby-five
percent. For continued success it is inportant that mnintenance of loveos
be curefully wvmtched, Froquent inspocetions are neccssary.

(4), TFarth doms afford a varicty of usos boeause whon proporly
designed, built, and maintoined, thoy arc enbirely safe and will last
indefinitely. They arc littlc affected by oxtremes of temperoturc and
arc cconemical whoere suitable materials for their construction are close
at hand. Most failurcs for carth dams occur beoenuse of inadequate and
improperly drained foundations, imporfcet bond beotweon £ill and the
surface on which it is placed, poor matcrials with improper scgregation
or coasolidation of matericls, insufficicnt bulk to provide against
sliding, pocr protoction of side slopss agoinst crosion, plocing of
extrancous material in the dam, In making a f£ill the engincer should
specify o material that will give suitable mixbure, espoeially in the
core wall if one be useds, A rcocommeonded mixbture would include ten parts
of coarsc gravel, three parts of fine grawel, four ports of sand gravel,
ond two parts of clay gravel,.

Earth dams moy be used for rcsgervoir sites or for impounding
streams. The cngincer should make a careful study of 21l conditions
involved similar to that undertaken for a levec, He should personally
supervisc the construction of the dame A very important point to
remember is thot the foundation should be carofully and conscientiously
proparcd. All cxbrancous growth must bo romoved to a depth of four or
five inches to obbtain adequate bord. Ploasc refor to Pigure L3, page
131, for additionnl construction pointers. It is important that adequate
cquipment bo availlable before such large construetion is undertakon.

Sormc strear control has been undorbaken through channel inmprove=
mends Such work is gonorally costly and reosults are doubtful unlcss a
very detailed sbudy is mode of the problems inveolved., Ordinerily, channel
improvement as o solc msons of flood probection is applicable only %o
smoller stroams. %The straightening of o portion only of a stream will
benefit the land above the improvenent and most of the land along the
improvement itsclf. The land at the lower ond will generally be damaged
instead of bonefitted. The climinotion of ox~bow bonds through the use
of cut-offs ig gencrally not justifiablc in larger streoms. Only %The
snll strcoms should be worked if this method of flood protoction be
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employed. Tho highest percentage of offectivencss on streom sontrol
for the small streoms is obtained by cleaning out the chamnel itself,
i.es romoving material that is choking the stream bed, cutting out
trees and willows jubbing into the stream, etc. It has been reported
that in the case of small streams it frequently happens that the
officicney of the channel can be inereased from one-third to one-half
by clearing the banks and removing fallen trecs, snags, and sand bars,

Tho discussion on sbream control will be closed with this
final suggestion that before any problem be undertaken, o ecomplete

survey should be made and the various factors entering be carcfully
considercd and weighed,

-G

Farn Haul Roads

Poor monagement in the plocenent of haul roads for light
machinery has resulted im a great donl of unnccessary crosion. Almost
every form in ¥est Virginia has indications of such crosion. In many
eases acrces upon acros of land have been abandoned just beecause a haul
road was placed whers maximum orosion resulted. Practice hos beon to
use 0 haul road or skid rond until it wos so decply cub dovm that another
rood had to be placod nlongsido. The obhor road was then used unbtil it,

" too, had to bo evenbtunlly abandoncd. These old roads, of course, continue
to erode, some to the extent of forming gullics many fect in depth.

A little judgment in placing the hawl road will ordinarily fore-
stall effective crosions The scerct of road building is adeguate drainnge
and the principle appliss to houl roads as well as %o a Class A pavement.
There has been given on Figure L)y page 133, two methods for controlling
erosion on o houl roads The method uscd will be dotoermined by the genoral
conditions of the soll and terrain, The soil conservation engineer can
well afford to spend considerable time instructing farmers on proper road
building because he will thereby provent mony times more work in the
futurcs Almost any rcconnaisscnce survey in the field will bring to
light %o a critical obscrver cxomplos of short stretches of haul roads
that appeer to be in A=l condition. Upon carcful serutiny it usually
becomes apparent that those strebtehes of road were so ploaced that water
could not accumulate in any large ameounts, and thereby channelling waos
eliminated,

The figure above mentioned is sclf-explanatory so no further
debail will be given. The engincer must solve the major number of his
problems in the field, becousc gencrally they vory with the area in which
they are located,
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Spring Improvement

Rofor to Figure L5, page 135.

On Project #13 livestock raising is the most important agri-
cultural onberprise at the present time, Approximately 50% of the arca
is in permonent poasbure and every available woter supply for livestock
is o peramount factor in livestock raising, becnuse an abundance of good
pasture grass is of no use for grazing without a water supply. Drought
yuxr“ have indieated that well developed spring wator supplics for sheep

and cattle would be very bencficial,

Woter supplics have been reduced to their present status by
removal of forests, by dralnage of land, and by injury to springs caused
by stock trampllng. Frequently during past years stockmen have boen
compelled to drive their stock for o econsidoroble distance to wator, or
to pump it from wells. It is not uncommon for a farmer to possess
arcund twenbty head of cattle and when it is considercd thot the average
cow drinks aboub twenby gallons of water por day it moy readily be scen
why the average undevoloped spring is deficicnt in amouwnt of wator
produced,

From the above consideration it would appear justifisblc to do
sonsiderablo spring improvemont on the farms nceding it, Such improvce
ment nced not nceessarily reguire o largse outlay of cash where rocks,
posts, end poles arc available, A few sacks cf cement, a steel barrel
or tank, and several lengths of pipe will usually suffice. YWhore a more
expensive concrete job is dosired the initial ecost is groater, but o
pormanent job is had that is dopendable for twenty or thirbty years,

No definite rulc coan be made for construction, as each spring
will be a separate problem due to slopc, type of soil, location of roek
strota and omount of water., The following rocommendatbions are mnde for
rock structures where large oxpense is not involved but where wator
supply will be satisfactory:

l. The banks should be dug out far cnough to determinc the
spring outlet - approximately four feets The natural rock strata should
be used for the basin if possible and building rock and masonry to probtoct
all sidos of tho spring.

2+ Where there is danger of the soll caving in on the spring
at the outlet a rock retaining woll ghould be included.

3s A large rock or slab of conerobte should be placed over the
top of the structure te keep the basin olenr,.
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L. The structure should be completely covered over with soil
to prevent livestock from being attracted to the spring.

5. Where stock trails leoad across and obove the spring, o pole
or wire fonce should be used to exclude the area from pasture.

6. The outlet pipe should be buried or protected to prevent
stock from brealing it dovm and to forestall freezing.

7+ The aren shirred up should be secded to close growing
COVeT Zrasses.

Wherever dynamite is resorted to for opening & spring it should
be remembercd that ubmost coaution must be used. Dynamiting frequently
completely ruins springs for further usc by sealing the water bearing
strata.

Please rofer to the figure on spring improvement as a nuclcus
for econgtruction.

-1 -

Farn Rescervoirs

The construction of small regervoirs for farm usage appears to
be & very worth while endeavor. Such reservoirs have an intrinsic value
which is hard to evaluate in dollars and cents. The rescervoir will serve
mANY purposcs, omong which may be included:

l. Water for stock during dry periods
2, Irrigation (in somc coses)

3. Recreational facilitiocs

L. ¥ila life conservation.

The engineor moking a survey should usc the utmost carc in
determining and cvaluwabing the many factors entering into such a
construction wmit. The factors involved parallel closcly those for
ecarth dam and lovee construction. No reservoir should be placcd where
it will endanger life in cage of failure, Ubmost carc must be ubilized
in the selection of the reservoir site because soil characteristics,
run~off, imporvicus stratn, maberials awvailable, oquipment availablc,
yoarly ovaporation, and deomands, all must be considered.

Plecasc refer to Figure L3, page 131, undor F (Stream Control

Structures), which takes up in detail the construction of carth dams
which ordinarily arc utiliged to crcabe reservoirs.
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Terraces

Terraces, generally speaking, arc flot botbtom ditches with broad
ridges of soil belew, placed nearly horizontally around cultivated hill-
sides and slopes, to cateh runoff woter before it can build up destructive
velocity. Eoch successive terrace corries its sharc of the water which
has accumulated between the terrace lines, Size, length and grades of
terraces ond proper distances between terrncos and terrace outlets are
matters of engincering design and depend upen the type of soil, omount
of rainfall, slope of fields, cropping practices and types of farming
machinery used.

Terracing has been employed in the south for meny years. It has
been graduslly developed to suit modern field cultivation and is regarded
as one of the essential field proctices used to control crosion on sloping
fields during the months when inbtense rains 21l on o soil loose from
cultivotion,

According to reliable authority, "4 good job of terracing costs
opproximotely the same as a good job of plowing. Once correctly done the
maintennance cost adds but little to the annual plowing cost. Terracing
as & ficld practice should be accompanied by conbour plowing, planting
and cultivation and the use of such soil-building and scilwholding orops
28 can be grown most satisfactorily in a rotation",

Up to the present time no torracing work has been attempted on
Project #13 because of unsuitable terrain. However, since some terrocing
work is planncd in West Virginia it was felt thot tentative recommendations
should be made in regard to terracing operations in order to be prepared
to design and loy oub terraces when and where needed. A general discussion
end recommended practices follow:

Terrace Cross Section

The mangum or broad base berrnce has the following characteristics
and is recommended for this aren:

1, It must be high enough to hold its certain amount of runoff
woter from the heaviest rains with reasonable safety.

2+ It must be broad enough so that farm tools can be worked
over it without undue strains cn the tools or damage %o the terrace.

3, There must be omple diteh capoeity in the chamnnel on the
upper side of the terrace to toke care of the runoff water,
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The mangum terroce cross section gives the requirements and is
tentatively adopted for use in the State of West Virginia,

Diagrams 1 and 2 on pages 139 and 140 give approximate
dimensions ond construction steps to be followed in making the terrace
on lands under 12% and on those with slopes in excess of 12%. The
dimensions given are, of course, tentabive but have becn carefully
selected and should thercfore form the starting point from which
further developments may be made, The cuts indicated in the diagrams
are for about a nine foot terraccr blade and not for small equipment.
It is believed that the more cconomical and satisfactory method of
terrace construction will be through the use of heavier equipment.
When smzll plows and slip scraperg ore used the tendenoy is to hold
up the job and inadequate terraces result. More terrace failures have
boon recorded from the small unit job than from any other. A terrace
must have a broad ridge to withstand exeessive waters and such a ridge
is hord To build with small equipment.

Terrace Grades

In order to coarry oxcess rumoff water a terrace must have o
grade or drop toward the terrace outlet. The grade of a terrace refers
to its drop in 100 feet of lengbh and may be flat, wniform or varioble,
dopending upon the section of the country. A variable grade terrace is
adapted to this area, with the grade varying from flat to o maximum of
feour inches per hundred fect at the outlet, depending upon the length
of terrace,

The follewing recommendations made by €, E. Ramser, Senicr
Drainage Engineer, U. S. Department of Agriculture, will be used on
this project:

Table -9=
Grade in inches Grade in feet per
Lenpgth of Terrace per 100 f£t. hundred feet.
0=300 = = = = = = = « = = L e e .- 0.042
300600 =~ « = = = = = S T R T R R - 0,08%
600=900 = = = = = = « -~ = = 2 m e e . em .. - = 0,169
2001200 = = = = « = =« = 3 e e e mme .. 0.250

120021500 = = = = - e = - o L cmem e 0433l
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Terroces longer than 1500 feet should ordinarily not bo usecd.
¥Where it iz neccssary bo have terraces longor than this it is best to have
an outlet at both cnds of the terraec. -Long terraces give better conscr-
vation of moisturc, loss runoff and require fowor outlets. Howewvor, tharc
is o 1imit to length beenusc of chammel capacity in rogard to runoff wmtor.

It hos boen recorded that soil losses for o &" torrace grode
arc five timos as great as for o level terrace and three times as groat
as for o 2" grade. In conformity with this, higher soil lossocs hove beon
rccorded for a wniform grade torrace than for a variable grado terrace.

Terrace Spocing

Terraces must be spaced close enough so that cach torrace will
take care of tho water thot falls on the arca it probteetse Tho vortical
distance, or drop, between derraces deponds principally upon the slope of
The land., If the terraces arc toc far apart, rumoff wmbter moving down
the hillside bobweon then will develop sufficient volume and veloelty to
couse wosning.

Rocormendations as to vorbical and horizontal spacing arc os
follows:

Table =10=-

Drop or wertieal disbtance bebwecen borraces

Horizontal distance Vortical distance or
Slope of land per 100 ft, between Lterraces drop botweecn terracos
Less than 1 foot = m = = = w = 190 foob = = = = = w = = === 170"
1 F00t = = o 0 = = = = - 180 7 e e e e e s - 210"
2 £0Ct = m = T S .. mm e 2IEY
3 foct m m w e m B Lo ¢ T - e . w 2N
L feet = o o = = e e - - e - - 80 " e mamw - == mm o= BI0M
5f0ct w v o mmm e mm e e 0T e e “mwmm - BB
6 foot = = = = = = e L .- - - 316"
T foeh « = = = = - AL e L A A
8 fool » = = e - e = - e mm 5E M e e a e e e = Q"
D Foot » = mm = memmmma 50 P e meemee e 13T
10 foet = = = = = T I T T Ty A Il
11 foot = = @ = = = = = - I - A I P e
12 foob » m mm = m - - - e . T e N T R 5wt
Uy foet = m = @« = 2 = = I 1« I R - - 515"

In general, the terracing of slopes greatoer than 12% or o drop of
12 feet in 100 feet is not rocommonded., Vhen fields are badly riddled
with smnll gullies it moy be foasible at times bto terrace on slopes up %o
0%, Howevor, in genernl, slopes groator than 127 should be taken carc



of by closc growing crops or reforcstation. The diagram included in
Figure L6, poge W%, indicates propor method for determining terrace
interwl slopes.

Terrace Qutlots

Probably thc biggest problem in terracing work is providing
suitablc outlcts for the terraces. In laying out a terrace system tho
outlets should be deeided upon before the sysbem is builts Natural
water courscs are best and should be used whenover possible. Woods or
permanent pasbtures are very good terrace cutlets where vegetation is
sufficiont to hold the scil, Sod rovines in fields may be used if they
arce wide cnough. Howover, in most cascs it will bo necessary to usec
artificial outlets. If the slope of the artificial channcl is such as
To produce a velocity of over 23 foot per sceond the channel must be
protocted by structurcs or seccding, or both. 4s far as sceding the oub-
lot ditehes is coneerned, the ideal situation would be to construct and
secd the outlet channecls a jear or two provious to the terrace con-
struction. This, of course, is impossible in the majority of cascs.

In outlets proteeted by vogetation the weloeity should never excced 5
foot por sccond. On steep slopes where pormancnt protection ig re-
quirced cost csbimatos covering feasible methods of protection should
bc made in order to detormine the most economical methods to usc.

Steps in the desipgn of a terrace outlet are given under Type
Problen Ho. 2, poge 53.

Figure L7, poge 1)y, shows mothods of holding torrace outleb
ditches by use of spreader boards. The spreaders moy also be built of
magsonrye. In some cascs it is necessary to build oublet ditches in a
series of steps, through the use of masonry checks. Adequate aprons
must be provided if this is done.

Maintaining Terraces
Refer to Figure L6, poge 13 and Figure 48, page 15,

Terrace maintenance is an important phese of successful Terrace
operation. All culbivation should preferably be done parallel to the
terrace. Vhenever low places are found in a terrace they should be filled
at once. All breaks should be repaired immediately as they are discovered.
It is important that periodic inspection be given terraces in order to
keep them in good working condition. Planbing and cultivation of crops
should be carried on with the following point uppermost in mind, namely,
preserve the terrace.
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Tlaying Off Terraces

The following procedure in laying off terraces is that given

in Formers Bulletin No. 1669, Department of Agriculture, with slight
modificotions:

"In laying off o system of terraces it is first necessary to
provide for suituble outlets. Therc neeessary, outlets should be placed
ot both ends of the terraces. This divides the woter of the field and
gives each terrace the minimum quantity to handle. Short terraces are
less likely %o break than long ones and are, therefore, more desirablo.
Yet it is conceded that outlots arc respomsible for a great deal of
erosion., Their number should be kept at a minimum as thoy are always
costly.

When o draw or depression oceurs near the middle of the field
it is desirable to begin the terraces in the draw, so as to avoid building
o high embankment such as would be required for carrying the water across
it. Of course, the possibility of doing this depends upon the size of
the drowre Somotimes it is found necessary to use such a drow as o terrace
outlet where suitable outlets are not available at the border of the field.

It is alwnys best to lay out the uppermost torroce first., A
starting or reference point for this torracc should first be fixed by
measuring dovm the proper vertical distanece from the top of the hill or
the highest point in the ficlds If a terracc midway down the slope is
laid out first, and o point from which to sbart is selcobted at random
without respeet Lo the top of the hill, the chances are that the upper
terroce will drain oither btoo lorge or too small on arca, If it is made
to drain toe large an arca = which is a very common mistake in terracing -
the oxcessively lerge volume of drainage water gencrally breoks the upper
terroce, and usually all of the terraces below are then broken in turn.

If the upper part of a hill belongs to a neighbor an effort should be made
to induee him to terrnce it, Otherwisc it will be neceessary to dig o T
hillside diversion ditch or an cmbanlment along the uppeor side of the
field to intercept the water draining from the ncighboring farm above.

The ficld work required in laying off a system of Mangum terraces
with variable grade is as follows: Set the leveling instrument about
midway bebween the ends of the uppermost terrace, and high onough so
that when i1t is level the line of sight will be above the highest peint
in the field. Have an assistant hold a lcvel rod on this highest point,
ond read the rod there and also at a point 50 fect dircetly down the
slopce Twice the differcnce botween the rod readings obbained is the
slope of the land in 100 foct bebween those two points. From Table 10,
page 141, find the recommendcd vortical distance, or drop, botweon torraces
for that slopo. )
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Example:  Rod reading at top of field 1 foot
Rod 'reading 50 feet down the slope 5 feet
Difference in rod readings ly feet
Twice the difference in rod readings or

slope of land in 100 fect 8 feet

According to Table 10 the vertieal distance, or drop, between
the top of the fiecld and the first terrace in this case should be L
feet,

Set the target on the rod at 5 feet (which is L feet above the
rod reading at the top of the hill). Hove the rodman move the rod down
the hill until the line of sight through the telescope strikes the center
of the target. The point thus located is L feet beleow the top and there=
fore is the starting peoint on the first terrace, provided an oublet is
available at each end,

From this point locate the line of the terrace in both directions,
giving 1t the grade shown in Table 9., To do this, the rodman scts the
target ot 5 feot plus onc=-fourth inch (in the example above), moves 50 feet
along the side of the hill, and is direcotoed up or dovm the slope by the
man at the instrument until the line of sight through the instrument
strikes the center of the target. The point on which the rod rests is
one-fourth inch below the starting peint., The rod is now carried 50 feet
farthor and tle third point located in the same manner. In accordance
with Teble 9, after the first 300 feet of terrace has becn located the
target should be raised one-~half ineh (instoad of one-fourth jnch) for
cach 50 feoby after 600 foet, 1 inch; after 900 feet, 1% inches; and
after 1,200 feet, 2 inches, to the end of the terrace. A terracs should
net carry wober more than 1,500 feet in one dircetion if it can be avoided.
If a longer terrace 1s necessary the grade should not be increased above
2 inchss in 50 feet, but imstead the lower end of the terrace should be
built to extro height to take core of the execess water,

After the uppermost terrace hos been located from the middle of
the field toword one oublet, the noxt step is to locate the other half
of this terrace in exactly the same manner.

Scmetimes it is impossible to provide an outlet at cach end of a
divided terrace; it is then necessary +to carry all the water to an outlet
at one end. Under such conditions the torrace should not exceed 1,500
feet in longth unless the lower ond is given an extra height as before
mentioncds. In the above example the rod reading on the first point lo-
cated on the terrace line was 5 feet. Uso this as a refercnce point,
although it may not prove to be exanctly on the terracc line becausec in-
this ease locating starts at the edge of the fielde Lower the target
L inches ond have the redman corry the rod to the edge of the field ot
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the upper end of the proposed terrace and move it up or devm the slope
until the line of sight through the instrument strikes the center of

the target on the rod., This is the starbing point for the terrace

and is L inches higher than the reference point. The purpose of

storting the terrace L inches higher than the reference point in the
middle of the field is to insure that the terroce line shall pass close
to the reference point in the middle of the field, It is evident »

since the terrace line combinually falls - that if it were started at
the some elevotion as that of the roference point, the line would fall
below the reference point by the time the middle of the field is reached.
The terracc can now be laid off by raising the target cach 50 fecet exnctly
as deseribed in the provious oxomple. '

Before starting to locate the socond terrace, the slope of the
land should again be measured. Read the rod at a point on the first
terrace about midway between its ends. Measure 50 feet directly down
the slope and read the rod at this point. It will sometimes be necessary
to reset the instrument farthor down the hill before this can be done.

If the instrument is moved, both readings must be taken from the new
position, Hoving determined the slope of the land, refer agoin %o
Table 10 to find the proper vertical drop between the terraces for the
new slope and proceed in the same manner as with the first terrace. -

In terracing work distances are mensured by pacing. In pacing
the distances the rodman should try to estimate as nearly as possible
wherce the next point will be, and when diroceted up or down the hill by
the levelman should keep the proper distance from the last point. To
avoid mistakes the rodman should always change the target before start-
ing to pace off the distance, If the field has becn cultivated in
ridges, the points should be so loecated by setting the rod either always
on top of the ridges or always in the depressions between them., If
after the proper distance between points on the terrace line has been
deternmined it is found that the rod is too low when set in a dopression
between the ridges and too high when set in the next depression above,
then the proper location for the line of the terrace lies bebvweon the
two positions of the rod.

A mon should accompany the rodman and sct stakes at points on
the propoesed terrace lincse A plowman should follow immedintely and
lay out the first furrow, Care should be taken to sec that no abrupt
turns ore mode with the plow, A1l changes in direction should be made
by smooth, regular curves. Where gullics or draws are crossed, stakes
should be set on cach side ond the terrace run dircebly across,

Leng sights with the level (exceeding 500 or 600 foot) should be
avnideds Much more accurate results are obbained where short sights are
tokon. When it becomes necessory to move the level so ag to avold taking
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long sights or in order to see around 2 hill, the rodman should remain
holding the rod exactly on the last point located. When the level is set
up at the new position the rodman raises or lewers the barget so that the
new line of sight of the level passes through the center of the target
and the work proceeds as already described.

NOTE

A few pointers regarding terraces and terrnce construction are
given because it is felt they are important,

1. Always construct and complete the top terrace first,

2e Cross gullies direetly and build up the terrace to grade.
Such fills should te made first ond should be slightly higher than the
rest of the terrace in order to nllew for settling. A& 20% settling
factor is not excessive,.

3+ It is good practice to construct outlet channels for terraces
first, rather than to put them in after the terrace is complete and ready
for service,

L. Leave at least o 6 inch drop from terrace to outlet chamnel.
In cose the channel silts up the terrace will still be able to pperate.

5 On slopes up to 4% build terraces from both sides; from L%
to 12% build mostly from upper side of terrace gradually increasing the
ratio of upper to lower as the slope increases., From 12% on build from
upper side,

6. Avoid sharp turns in the terrace.
7+ Check height, grade and width of terroce before leaving it.
8. Give all terraces periodic inspections,

Up to the present time nothing has been said regarding contour
furrcwing. A demonstration of contour furrowing woes placed on o farm in
Project #13 to determine its advontage and disadvantage. The demenstration
wos put on a pasture field which has slopes below 2C%. The furrows were
placed at 20 foot intervals horizontally measured on the slope. The depth
averaged obeout 9 inches, The furrcws were placed on exact contour. All
lew ploaces crossed were left in sods Another feature employed was to
leave baffles in the furrow by jerking out the plow oceasionnlly. Not
snough information has been gothered on this bype of erosion control te
warront further discussion.
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CHAPTER X
PLANTING OF EROSION CONTROL STRUCTURES

A sound engineering policy of erosion control necessitabes the
use of vegetative cover in conjunction with the various structures.
Consequently, in the preparation of an enginecr's handbook it is neces-
sary to include a chapter dealing with the estoblishment of successful
plantings of %trees and shrubs.

Any written work dealing with this subjcct must of necessity
be comprehensive and flexible so that it may be used by the laymen and
technicion alikes Presontotion of the subject motber from This viewpoint
has been a perplexing and difficult problem, which for simplicity has been
divided into the following parts,

Part I Goneral Planting Information
Port 11 Gully Plantings

Part IIT  Stream Control Plantings
Part IV Diversion Diteh Plantings
Part V Terroce Jutlet Plantings
Port VI Road 8ide Planting

PART ONE
GENERAL PLANTING INFORMATION

A general knowledge of the principles involved is essential to
the preper use of trees and shrubs in conjunciion with erosion control
structurcs. It must be borne in mind that many factors enber into the
planting of trecs and shrubs, any cne of which will often determine the
success or failure of the plantation. Consequently, each factor must
be duly considered and given full weight throughout the entire operation.

Probably the most important single facter o be considered is
the plarnting site in relation to the vegetabtive cover it will support.

General site classifications with a list of adaptable species
of trees ond shrubs are:

Common Name Scientific Naome

DRY SITES: Block Locust Rebinia Pseuwdoacacia
Shertleaf Pine Pinus Echinata
Osage Orange . Toxecylon Pomifera
Red Cedar Juniperus Virginiona

Black Jack Oank Quercus Marilandica
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Cammon Nomo

Scrub Qak
Chostnut Oak
Cedar

Piteh Pine

Red Pine

Table Mbt. Pine
Scrub Pine

Aspen Pine
Fig-nut Hickory
Hornbeam '
Hozel Nut

White Ouk

Pogt Oak

Red Mulberry:
Sourwood

Thorns

Surn.ch

Sassafras
Allanthus
Dogwood

Black Gum

3ilk Treo
Indigobush
Heartleof Ampelopsis
Virginia COreoper
Boarberry
Groundsclbush
Siberion Poa~Trec
Jorscy Tea
Sccotch DBroom
Woodwaxen
Shrubby $t. Johnswort
Winter Jasminc
Common Juniper

Crooping Juniper
Shrub bush Clover
Everblooming Honoysuckle
Japonese Honeysuckle
Hall Honeysuekle

Wox Myrtlo

Southern Wax Myrtlo
Americon Wild Plum
Chicknson Plum
Beach Flum

Shining Sumach

Scientific Nome

Juercus Ilicifolia
Quercus Montann
Juniperus Ashel
Pinus Rigida

Pinus Resinosa
Pinus Pungens

Pinus Virginiana
Populus Tromuloides
Hicoria Glabra
Ostrya Virginiann
Corylus Ameriocuns
Quercus Albo
Quorcus Stellata
Morus Rubra
Oxydendrum Arboroum
Cratoaogus Species
Rhus Copallina
Sassafras Variifolium
Ailanthus Glandulosa
Cornus Florida
Nyssa Sylvatica

Albizzia Julibrissin

Amorpho Frubicosa
Ampolopsis Cordata
Ampclopsis Quinquefolia
Arctostaphylos uva-ursi
Bacchon's Holmifolia
Cacagena Arborescens
{onneothus Amcricanus
Cytisus Scoparius
Gonisto Tlnctoria
Hypericun Prolificum
Josminium ¥udiflorum

Juniperus Communis Deprossa

Plumosa
Juniporus Horizenbnlis
Lospedeza Bicolor
Loniecora Heckrotbi
Lonicera Japonien
Lonicero Hnlliana
Myrica Carolinensis
Myrieca Coriforn
Prunug Amcericann
Prunug Angustifolia
Prynus Maritima
Rhus Gopallina
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Common NHame

Smooth Sumech
Staghom Sumach
Meadosr Rose
Posture Rose
Virginia Rosc
dupanese Rose
Bristly Rose
Carolina Rose
Rugosa Rose
ichuriam Rosge

Whibe Flowering Haspberry

Horthern Dewberry
Himnlaye Blackberry
Kashmir False Spirea
dapnnese Snowball
Chenault's Saowberry
Corralberry

Prickly Ash

tihite Pine

Scoteh FPine

Red Spruce

Hormrmy Spruece
Southern Balscm
Ademlock

Arbor Vitae

Red Cedar

3lock Tillow
Jeaked WHlloes
Lerge Toothed dspen
Cottomrcod
Suttornut

Alack Ynlnub

Shell 3ark Hickory
3ig Shell Bark dickory
Mocker Nubt

Yellowr Birch

Jlack Bireh

Becch

TThite Oal

Bur Oak

Pin Cuak

Scarlet Oak
Lovrel Oak
5lippery Zlm
Ameriecan Elm

Scientific Name

Rhus Globrs

Rhus Typhina

Rosn Blondo

Rosa Humilis

Rosa Lucida

Roso Multiflora
Rosa Hitide

Rosa Palustris
Rosa Rugosa

Rosa Wichuriano
Rubus Parviflorus
Rubus Procunbens
Rubue Thrysanthus
Sorharia Aitehsoni
Styrax Japonica
Symphoriearpos Chenoulti
Symphoricarpos Vulgaris
Zoythoxylum Amerieconum

inus Strobus
Pinus Sylvestris
Picsa Rubra

Picen Jdbies
Abies Froseri
Tsugn Coanadensis
Thujs Occidentalis
Juniperus Virginiana
Salix Jigra
Snlix Rostrota
Populus Gromdidentabea
Populus Deltoides
Juglans Cinera
Juglans Nigra
Hicoria Owata
Hicoria Loeiniosa
Hicoria Alba
Baetulo Lutea
Betulo Lenta
Fagus Grandifolia
Juoreus Alba
Querecus lacrocarpa
Quercus Polustris
Juercus Coccinec
Quercus Imbricaria
Ulmuas Falve

Ulmus Amerieana
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Common Name

Hockberry

Osage Orange

Red Mulberry
Cucumber

Yellow Poplar
Papaw

Witch Hazel

Swset Gum

Wild Black Cherry
Choko Cherry
imerican Crab Apple
Mountain Ash

Shad Bush
Sycomore

Konbucky Coffec Troe
Honey Locust
Black Locusb

Red Bud

Trcece of Heoven
Americon Holly
Large Leaved Holly
Loblolly Pins
Striped Maple
Mountoin Maple
Sugar Maple
Silver Maple

Red Maple

Box Elder

Buckeye

Sweet Buckeye
Bagswood

Dogweod

Block Gum
Mountain Laurel
Persimmon

Cotalpa

Whitc Ash

Fringe Tree

Purple Azaolea
Shesp Laurel
Pinxterbloom

Amur Privet
California Privet
Spice Bush
Japancse Barberry
Everblooming Honeysuckle

Scientific Name

Celtis Occidentalis
Toxylon Pomifera
Morus Rubra

Magnolia Acuminats
Liriodendron Tulipifersa
Asimina Triloba
Homarmelis Virginiana
Liquidambar Styraciflua
Prunus Scrotina
Prunus Virginisna
Pyrus Coronoria

Pyrus Americana
Amelanchier Canadonsis
Platanus Qcecidentalis
Gymnocladius Dicica
Gleditsin Trincanthos
Robinia Pseudoacacia
Cercis Canadensis
Adlanthus Glandulosa
Ilex Opaca

Ilcx Monbicola

Pinus Toacda

Acer Pennsylvanicun
Acer Spieantum

Acer Saccharum

Acer Saccharinum
Acer Rubrum

fLieer Negundo

Aesgculus Glabra
Aesculus Oectondra
Tilia Americans
Cornus Florida

Nyssa Sylvatica
Kolmio Latifolin
Diospyros Virginiano
Catalpa Bigrnonicides
Fraxinus Americana
Chionanthus Virginica
Azoleo Hinodegiri
Kalmis Angugtifolia
Azalena Nudiflors
Ligustrum dmarense
Ligustrum Ovalifolium
Benzoin festivale
Berberis Thumbergi
Lonicera Heckrotti
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Common Name

Japanese Honeysuckle
Jersey Tea

Hall Honeysuckle
Chinese Red Bud

Wox Myrtle

Evergreen Spurge

Pink Dogwood

Carolina Rhododendron
Alternate Leaf Dogwood
Great Lourel

Leather Wood

Fragrant Sumach
Winter Creeper

Vernal Witeh Hagzel
Carolina Hemlock
High Bush Blueberry
Ivy

Low Bush Blueberry
English Ivy

- Deerberry

3t. Johnswort

. Mapleleaf Viburnum

Common Periwinkle
Glossy Abelia
Alleghany Service Berry
Mountain Currant
Golden Currant
American Bittersweet
Winter Currant
Cornelian Cherry
Amerioan Elder
Red-Osies Dogwood
European Elder

Gray Dogwood
Chenoult Snowberry

Hazelnut

Corralberry

Scoteh Broom

Arrow Wood
Nannyberry

Americon Creeper
European Burningbush
Inkberry

Kudzu

Scientific Name

Lonicera Japenica

Ceanothus Americanus

Lonicerna Japoniea Holliani

Cereis Chinonsis

Myrioa Carolinensis

Pachysandro Terminalis

Cornus Florids Rubra

Rhododendron Carclinianum

Cornus Racemosa

Ehodedendron Maximm

Direa Palustris

Rhus Canadensis

Euonymous Radieans

Homomelis Vernalis

Tsuge Caroliniana

Vaccinium Corymbosum

Hedera ond Varieties

Vaecinium Pennsylvoanicum

Hodera Helix

Vaccinium Stamineunm

Hyporicum Calysinium

Viburnum Acerifolium

Vinoe Minor

Abelia Grandiflora

Amelonchier Laoevis

Ribes Alpinum

Ribes Odoratum

Celasgtrus Scandens

Ribes Sanguineum

Cornus Mas

Sambueus Canadensis

Cornus Stolonifera

Sambucus Racemosa

Cornus Panieulata

Symphoricarpos Chenaultbi
Racemosus

Corylus Americana

Symphoricarpos Vulgaris

Cytisus Scoparius

Viburnum Dentatum

Viburnum Lentago

Euonymous Ameriocanus

Euonymous Europasus

Ilex Glabra

Pueraria Thunbergiana
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Cormon Nome

Anmerican Larch
Black Spruce
Southern Balsam
Balsam Fir
White Cedor
Arbor Vitae

Red Cedar

Blook Willow
Shining Willow
Gloucous Willow
Dovmy Poplar
Cottonwood
Bitternut Nut Hiokory
Paper Birch
Yellow Bireh
Red Birch

Blue Beech
Smooth Alder :
Swamp White Oak
Pin Ook

Willow Oak
Laurel Magnolia
tmbrella Tree
Papaw

Poison Sumach
Americon Holly
Red Maple

Box Elder

Black Gum

Swomp Black CGum
Tupelo Gum
Great Laurel
Catalpa

Black Ash

Red Ash

Green Ash

Fringe Tree
Sweet Viburnum
Water Elm

Swamp Privet
Bubton Bush
Speckled Alder
Red Chokeberry
Spircbush
Summersweet
Tatarion Dogwood

Sciontific Name

Larix Larieina

Piceo Mariana

fibjies Frageri

Abies Balsamea

Chomaecyparis Thyoides

Thuja Occidentalis

Juniperus Virginiana

Salix Nigra

Salix Lueida

Salix Discolor

Populus Heterophylla

Populus De¢ltoides

Hicoria Cordifornis

Betula Alba Papyriforas

Betula Luten

Betula Nigra

Carpinus Caroliniana

Alnus Rugosa

Quercus Bicolor

Quercus Polustris

Quercus Phellos

Mognolia Virginiana

Magnolia Tripetala

Asiming Trilobo,

Rhus Vernix '

Ilex Opaca

Acer Rubrum

Acer Negundo

Nysse Sylvatica

Nyssa Biflora

Nyssa Aquatica

Rhododendron Maximus

Catalpa Bignonioides

Fraxinus Nigra

Froxinus Pennsylvanica

Fraxinug Ponnsylvanica
Lanceoclata

Chionanthus Virginica

Viburnum Lentago

Planera Aguatica

Forgsticra Acuminato

Cophalanthus Occidontalis

Alnus Ineana
Aronio Arbutifolia
Benzoin Aestivale
Clethra Alnifolia
Cornus Alba
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Common. Name

Silky Dogwood
Bloodbwig Dogwood
Red Osies Dogwood
Leatherwood

Cormon Winterberry
European Larch
Sweet Gun

Sycamore

Boach Plum
Carclina Rose
Woeping Willow
Pussy Willow
Bay-Leaved Willow
Americon Elder
Europcan Red Elder
Bald Cypress
Homlock

Scientific Name

Cornus Amomum

Cornus Sanginca

Cornus Stolonifora
Direa Polustris

Ilex Verticillata
Larix Europoea
Liquidambar Styraciflua
Plotonus Occidentalis
Prunus Maritimn

Rosz Carolina (Humilis)
Salix Babylonieca

8alix Capreca

Salix Penbandra
Sambucus Canadensis
Sombucus Racemoso
Toxodium Distichum
Tsuga Canadensis

The foregoing list of treecs and shrubs is a very brond and general
one and it should be used as a handy guide by foresters and cnginecrs in
determining the kind of planting stock to be used on different sites. It
should be kopt in mind that there is no substitube for good sound judgment.
The individual nust analyze the conditions as they exist and act according-

1y.

Naturally the above table of trees and shrubs is limited by the
amount of stock available and whother or not the plont sites foll within
the range of the specics.

No suggested combinabions have been listed for the simplo reason-
that cach area presents a particular plenting problem which con best bo
solved by the individunl in charge, unhampered by definite recommendotions

and suggestions,

of equdl importance, perhaps, is tho carc of planting stock.
Young trees ond shrubs in the seedling stage are very tender and sensitive

to abnormal conditions,

Consequently, every peossible precaution should be

taken to prevent any damages to them after their removal from the nursery
until such time as they oare roplonteds” It is very imporbant that the

roots be well covered with wot spaghum, burlap or similar materiols during
the time they are oub of the ground, ond at no time should the roots of
planting stock be exposed to the drying offect of the sun and wind. At

the close of coch day's work the planbing stock should be carefully heclod=
in in good moist soil for safe keeping until the next day.

Planting foremen should reccive careful instructions relative to
tho care of planting stock ond should constantly check on the field crews
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to sec that the stock is being properly cared for.

The motter of proper mixture and spacing of trees and shrubs has
long been a controversial point among foresters, Needless to say tho
writor doos not hope to solve this much debated point but rather to offer
sono suggestions that may be of walue. By all means the individual on
tho ground, with the facts before him, is the only one in a position to
Jjudge, and the proper mixbure and spacing for any particular area rightly
rests with hime The planbing of trcos and shrubs in mixbures should by
all means be encouraged at every opportunity.

Spoeings that have been uscd ot various timss are:

Spacing (Ft.) No. trecs per Acro Spacing (Ft.) No, trces per Acre
2XxX2 - we-a - - 10,890 X6 wwewmm=e 1,210
2xkL ---n. - e 5,05 6x8 wwoooo- 907
3%3 =we-w=~- 1,840 FTHRT] mem - 890
Lhxkh =w-a-- - 2,722 TX8 womeasam 778
Lx5 = ==-«-- - 2,275 BxB = ==w=-=-= 680
5X5 = o mecoaa 1,743 10X 10 = = = = = = = 136
Lxb o cmmwu 1,814 12 x 12 @ = =~ = = = - 302

The mobhods of planting come in for serious considoration and
should be carcfully workod out. There are a number of recomfiended methods
of planting, each of which has its placo. Good results may be sccured,
irrespective of the method used, providing the individual planters have
o clear knowledgo of certain basic principles which arc:

1, Remove all sod or debris from the spob where troe is to be
plantcd,

2« Make the holec large cnough to accomodate the entire roct
systom without crowding.

3« Bc surc that well pulvoriged mineral soil is firmly pocked
around the roots,

L« Do not under any circumstances pack trosh or sticks around
the roots.

5« Be surc the scedling is firmly held in an upright position.

6+ On cxposed barren sites a fow hondfuls of surface seoil will
2id materially in getting the secdlings started.

T+ The arca immediately adjacent to the planted seedling should
be rwlched with leaves, broomsedge, gross or inverboed sod.
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The centor-hole, mattock slit, and dibble bar methods of
plonting, using one, two, or thrcee man orcws are adaptable te almost
any arcz or comdition that may be encountercd.

On badly gullicd or gallod arcas it may be worth while to use
sonnc ferbilizor. Fron the dato availoble it scems that o complete
fertilizer gives the bost rosults. For oxamplc, oxperinents with L=12-l
fortilizer have proven very satisfactory. It is felt however, that until
such time cs moro acecurate data is available only cxperimental plantings
should be fertilizod.

- 4s o yordstick to measure results, staked rows of 100 trces or
shrubs should be cstablishod on mony of the plantations, these staked
rows should be carcfully selocted in order to give much necded infor-
motion on site, spacing, m%xturcs, and growth wnder varying degroes of
orosion and cxposurc.

Vigorous, woll balanced, nurscry sbock is ideal for planting in
conncction with orosion control sbructures, and the practicce of using wild
stock or scod spobting should be rosorted to only whon nursory grown
stock is unavailable.

PART TWO
GULLY PLLNTING

Gullics arc the only form of crosion readily rocognized by average
individuals and for that reason any control measurcs undertaken are
imecdiatoly subjected to tho eritical oye of the goneral public. Henee,
ony successful conbrol ncasures used are imporbtant, in that they scrve %o
convinee the goneral public that orosion can bo conbrolled, in addition
tc the many other voluos roesulting from such control.

It is not foasible or sound to assumo thot gullies should be
filled in, revegetated and forgotton on the basis thot once they have
been worked the problem has been solvoed.

Gullics are usually formod as the result of concentrated and
accelorated surface drainnge and it nwst be borne in mind thot in mony
cascs the only solublon is to stobilizo the main gullics and let then
serve os the notural drain for the arco involved. This is particularly
truc of any arca whore the slopes are cxeessgive., Gully control planting
a8 suggested herein will be made for the purpose of sbabilizing oxisting
gulllecs to cnoble thom to serve as natural drains without further
dostructive achbion, and in addition will be so placed as to reinforee
and bind gully control structurcs, naking thom of a morc pormanent valus
in our crosion control program.
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For the purpose of brevity and clearness, skobches are shown
to illustrate where and how gully control plantings should be madc.

Sketch Nos 1, page 161, Planting the Vertieal Sides.

1, Should be some specioes that will develoé into a troo.

2+ Should bo some species of shrub or small troce

3e Should be o thrifty and hearty species of shrub or vine.

Slope bonks as showns Usually o 2:1 slope will suffices Inter-
nodiate barren spaces to be secded to lespedesza, grasscs, or small grain.

Skotch Wo, 2, page 162, Spaeing Gully Plantings.

Note stoggored spocings Spacing should be 27 x 2! noar tho
bottom of the gully and inercascd as you approach the tops Plantings
should cxtend back from the top to a distance equal to the depth of
the gully and farther if possible. In nost cases plantings should
never be made ir the gully botton,

Sketeh We. 3, poge 163, Using Sod Strips.

Sod may also be planted in continucus strips like ministure
torraces along the gully sides. Sod strip should be from 8" to 12"
wide and from 2!' o 3' long. Spacing should be closer on the lover
scction of tho sides. Lespedeza, grasscs, or small grain may be sovm
on the bare spots.

Sketoh Woa 4, page 164, Using Loose Rock Refoining Walls to
Establish Shrubs, Briars or Vines near Bobtem of Gully.

Rocks should be loid in a horizontal arc forming o pocket in
which enough topsoll can be placed for plonting purposes., If pockets
are built well in advance of the planting crew they will usually collect
cnough scil for planting purposes.

Skebeh Nos 5, page 165, Holding Brush or Straw on Badly Golled
Areas Until Vegetative Cowver Beeconcs Established,

Forked stakes arc driven inbo the ground to hold poles in place.
The poles hold the brush, straw, or similor material, Burlap moy be used
when its usc can be jusbified from an economic sbtondpoints Treses, shrubs,
grasscs, briors and vines can be ostablished on badly gnlled areas by this
TICANS &
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SKETCH No. | -
PLANTING THE VERTICAL JIDES

SDOEC/IFICATIOMS

I=Showld be Someé Species that will Develop into a Tree
' Wirthin a Few years. ' ' :

2-Should be Some Shec/e.s of Shrub or Srnall Tree.
J-Showuld be @ Thritly arnda FHardy Specres or Sfrdb or Vise.

Banks Sloped @5 Wustrated Above. Sually aS/ope of Aout 2/
1 Surrrice. S .

intermediate Baorvrerr SIS to be Jé@b/eaf fo Lespedeza Grasses, -
- or Smal! Crei. . _

Trees Should be Plarnted Bock From Showlders —a Distarce ot
l,‘o ea:z‘b[/'yaa/ Lo the Devth of the Gully arnd Farther /7
Possible. , S _ ST .

Specres LPlanteq will pe Goverried by the Local/orn oF 1/e Gully
- Addition Yo the faciors Orarnarsly Corsidered.. '

All Plartings 1o be Mulched with Any Suitable Materia/
Whith May be Available. . : | _

Project 13, Erg. Lfv
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~ SKETCHNO.Z.
SDACING GULLY PLANTINGS

Note -S,tayééfed_ Skaé)by o - e~ o0 9 2.
| B N s N o

Legend
O 7rees

168 7reeAe ShHrubs |
@ Shrubs and Briars

SPLECIHF ICATIONS

Spocing Should be ExZ Near the Bottom of the Gully and
/ncreased as the 7op 15 Approached.

Plantings Should Externd Back 7170/ the 7op (o a Prstarce
_ Pquaz }‘o the Pepth of the Gully and Farther 7 it /s -
oSs/ore. '

i1 Most Cases Plarntitngs Showld Never be Made i the
Gully Bottorrn. : o o

Swggestions Pertairning to Platting in Gerneral SHhould be
Rigidly Adbered to. . ‘

Proyect 13, Eng LPiv
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~ SKETCH NO.3
WSING 50D ISTRIRS

- Shoulder

, AR (A SRR ,
T === MOTE—Sod May Also be
g = Plorted 71 Corntinieous Stri

- Like AMiniatlwre 7erraces 4/on
= thre Gully Sroes 4

SPEC/IFICATIONS

Sod Sz‘/zps Should be from 8"to /2" Wide ard from 2 to
0r7g. - \ -

- Strjps Should be Placed in _Shallow _Treﬂc/?e.r../aﬁf'z.arye
Enougl to Kecewe 7Therm Without Crowding. |

On Badly Exposec Areas, Good Tcg Jo/r/ or Fertilizer Placed in
- Tthe Trench Lereath the Sod Wil Ard Materially in
GCetting /¢ Started, B : :
Spacing Shouwld be Closer orn the Lower Sectiorn of the Sides.

Lespedeza Grasses or Srrall Grair May be Sowr orn the
Bare Spots. ‘ ' ' _

Sod Flarted in tHis Marnrer Will Serve s Minigture 7Terraces
and te of Pariticular Valve i facilitatirrg £/re
Growtlh of Other Vegetalron

Car be Used /7 (‘amb/?_?af/o” wrth Trees ard Shrubs.

Project 13, Eng. Div.
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SKETCH NO. 4 _
U.sin%l_mse Rock Retoining Walls to E.stablish
Jhrubs,

Bri_aro or Vines Neor Dottom of Gully

SPECIFICATIONS

RoGhs Sf}ou/d be Lagid ina Horizontal Arc Forrming a
’ Pochet in Whch Enowgh 7Topsor!/ Carn be Placed

to Facilitate FPlarnting.

If Pockets are Built Well in Advance of the Plarn tirg Crew
| 7hey Will Usually Coltlect Lrough Sosr/ For Planting
Purposes. . ' B

- These Doc)i'e;"._s‘ are Best Adapted 2o Areas Where it /s Not
Justitiable to Spend the Time or Money to Revege-
tate the Entire Area. '

Especially Adapted to Areas szére ﬁ?bc‘k.’s’ are LPlenzs/ruw/
- arrd Lasr)y Obtarinable. ,

Project 13, Eng. Div
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Holding Brush or Straw on Ba.dl Galled Areas
‘? Vegetative Cover Becom&s Fstablished

Unti

Forked Stakes Oriver
/mto Growrd to fHold
g the LPoles 11 FPlace

SPECIF/CA T/ON;S

Foles qre L/ised Yo /Hold Dowr the Bru:/y Straw or Sin-
lar Material Used 1n Prevernting Further Irrroads
of £rossve Actro”n

Burlap may be Used Wher 1ts Ud*e corn be Swstitied Frorm
ar” Ecornormic Starndpornt

Trees, 5/’/57/’15 Shrubs, Grasses ara V//?@.S car? be E stab—
/ished or 5ad/y Galled Areas by 1H/s Mears.

Top_f o7 Brush Should Pornr Up 2he Slope.
Brusth Should Over/ap—Life Sringles or a oot

Project /3, Eng Piv.
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SKETCH NO. 6 |
DLANTING TO REINFORCE. A STRUCTVURE

o 0 | .
o |

W"{lw"’*jj \.‘“J\WPA(Q{A((-IQ. @ O] y lo “ uc/U |
W R y ﬁg"‘ua‘h{tue/[w a)’é: f* ,

é’"f A2 Y . 2 -:, f ' _ Ll
. * (L~ ( . ‘u“\')l’
LEGEND © W«H ) \W@ o K(‘Z" o ; e\'\ ((f_[)l'{?

o) Trees . _ (
& Troo-like Shrubs Y . o { o
D Sbrybs ard Briagrs. (Vires :

F‘or/r?//7 Grocred Cover © o)
May Also be Used)

SPLCIF, /CAT/ONS

Arrarngement, Species and Spacririg to be Determined by Size of
Bully, Structure Soi Type arna Other LPhysiographic
ard Climatic Conart/orns. ' -

Flarting Shouw/d Lxterrd Wwel) Back on Eoch Side —Deperding
oorn the Size of the Structure. . :

Always Work fowero Zhe Objective of Jz‘a_éﬂ/'z/g? the _
_ Structure by Meons of the L/arntings Beirg Made.

T Project 13, Eng. Div.
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SKETCH NO. 7
"DPLANTING A BADLY GULLIED AREA

' Oversrorn Ditch Seeded
= - ord PAarrted

- =~ - =
= ////? & — 7

1'\

Check Larrns
reinforced
By Plarting

Gelly Banks /*( i 7%
J/op{d and Seeded Y W g}’{{gﬁg ,;?:zg/(fzed

kY —

SPECIFICATIONS
This Method of Using PPlant/ng /m C‘Oﬂ/’uﬂcﬂbﬂ with Erosion
Cortro/ Stabifization is Advisable orn Areas of Value
gs Agricultural Land on Which Numerous Guflres
Flave Frormed Paralle! to Lackh Other: '

By the Above AMeltroad One Gully 15 Selected to Serve @s o
Natuwral Stabilized Orarn While the Water rfrom
the Qther Gulries /s Diverted /m7to the Mair Gully
by Aegrs oF a Diversion Ortch. -

The Other Gullies Showld be Filled i and Seeaded. The

Liversion Drtch Skhowld be Adeguately Supported
by FPlart/ng. ' |

‘Project 13, Eng Orv:
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Sketch No. 6, page 166, Planting to Reinforce a Structure.

Trees, tres-like shrubs, shrubs, briars, and vines may be used.
Arrongenment, species, and spacing to be determined by size of gully,
structure, soil type, and other physiographic and climatie conditions,.
Planting should extend well back of each side, depending upon the size
of the structurc.

Sketch No, 7, page 167, Planting a Badly Gullied Area.

Diversion ditch seeded and plonted as shown with check dam rein-
forced by plantings. The gullied banks are sloped and sesded. This
method of using planting in eonjuncbion with erosicn control structures
is advisable on arcas of wlue as agricultural land on which numerous
gullics have formed parallel to each cther. By the above method one
pully is selechked to sorve as o natural sbobilized drain while tho water
frorm the other gulliss is diverted into the main gully by means of a
diversion ditch. The other gullies may be f£illed in and seeded. The
divorsion diteh should be adequately supported by planting.

BAiRT THREE
STREAM COWTROL PLANTINGS

The problems presented by strecam control planting are similar in
many rospects to those encountered under gully plonting. S%trean control

plantings logically fall into two classes, namely, {(a) plantings for bank

protoetion, and (b) plantings to rcinforce and protect sbream control
structurcs. The same general method of mixture and spacing as discussed
under gully control can be used for stroam conbrol plantings with sone
modifications The attached sketches illustrate general methods that can
be used and which will give good reosultse.

Sketeh Noe 1, page 169, Strean Bank Plantings.

Lower part of bank up to maxirm wober level should be rip-rapped
with stene, or brush held in place with woven wire and stakes,

Sketeh Wo. 2, page 169, Brush Matting or Rip-rap Reinforced by
Planting.

Skotch Hoe %, page 170, Dan Reinforced by Planting,

Sketch No,. L, page 171, Plonting to Reinforece Wing Dams, Leveos
and Similar Structures,

The sedimenbation arcas indicated are to be planted as rapidly
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g | SKEfCH NO.I- -
OTREAM BANK DL ANTINGS

T

7rees
. Tree-liffe SHrubs
' c~—LBrimrs or Vires

.

Normro/
Weoter Level/

Lower Part of Bark wp to
Markirrzenrrr Walter Level Should
be Fp-rapped with Storne or
Brush 1Held 177 Place wirith
Worverr Wire ara Stakes.

iz tirrg /5 /_4/"/"0’/)3’@0’ as Skowr
7 Qfetches / ond 2, Part 8.

SKETCH NO. 2

Brusk Matting or Rip-rap
Reinforced by Dlanting

Brust May be /el Lowr by Poles or Gotvamzed
Wover Wire. £rne Bowghs are Lrelferable. -
(o Tardwood Brush, AHocks /Held ' .

117 Ploce by Wover Wire orma
Stares Moy Also be Used
A Easity Avoiiobte

Bristh Showld . be Laid (Butts Loimnt-
Zg Lonrmslope) 7Hickhk Erocoh o
Crevent Abrasive Aotrorn by Waoter
Seeo‘/b/ rid Fleartirrg Showld be

;N ESCobshed Throwphowt and Vel

\A/ AGove the Brush Matting.

NOTE “Jt‘fvtefrﬂ?fam‘mw&umm Sthown Abowe Shoi/d
Lo Similerly Employed Where Rus-romemg 1 Lsed.

Projact A%, Eag e
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SKETCH NO. 4

Planting to Reinforce Wing Damms, chhes
Levees and Jimilar S rucfvres .

' Baonk Profectior \Suegarz‘ed
‘ by Plantirng Along r1ere

7hese Areos to be P/on?ed a5 fast @5 THey
St . Thts Meorns thar ¥he Llartirrg Vor
Must Lag Detrirnd the £rrglreerisrng WorA

(t Uswally Takes a Period of /7om S o /0
Years 76 Complete the P/aﬁt”?_y |

Pqueéz‘ 3, Errg 5/1{.
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as silting occurs. Five or ten years is usually required to complete
the planting on these areas.

In all stream control work the individual action and charac-
teristics of the stream must be carefully studied and the information
obtained should be used as a guide in formulating the plan of control.

PART FOUR
DIVERSION DITCH PLANTINGS

On many projects the planting of diversion diteches is very
important., It is a problem of simple solution if we keep in mind first,
that the ditch must present o smooth unohstructed surface for carrying
the water and second, that the lower shoulder must be maintained un-
broken. A sketeh to illustrate a method that can be universally applied
is included.

Sketch No, 1, page 17%, Diversion Ditech Planting.

The entire area to be seeded to grass and kept in sod. PFart of
the area to be planted to trees or shrubs, Care must be exercised to
prevent planting of species that will interfere with farm praotices.

Sketch Ho. 2, page 175, Planbting Diversion Diteh Outlets,

PART FIVE
TERRACE QUTILET PLANTINGS

Mony gullies are caused by terrace outlets that are not properly
protected, If a natural, stabilized channel is not available to act as
an outlet for the terrace, by nll means one should be provided and should
be supported by vegetative cover.

The terrace outlet is constructed on the same general prineiple
&s the diversion diteh outlet, and vegetation may be placed in much the
same way. Note planting around outlet shown in Sketch Wo. 2, page 173.
Where trees or shrubs cannot be used, substibubte sod strips and seecding
as shown in Sketech No. 1, page 173, Both skebches refer to diversion
diteh outlets but the terrace oublet requires similar control.

A
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SHKETCH NO. |

DIVELRSION DITCH DLANTINGS
| SECTIONAL VIEW

7'/7/3 LErtire Area fo e Seeded to Grass
arg frept 17 Sod,

74r5s Area to be Flormted to THees or ShHrubs.
Care Mupst be Lxerc/sed 20 Freverit Plarrt-
g of Specres That will nterfere with
rarm FProct/ces. : '

- . skeTcHNoZ |
PLANTING DIVERJIION DITCH OUTLERS

.’ 5. : . |
L Sow Grass

o @ 7 F ; C NSeed Among
¥ e o Py, ® Pocksonoutiet
F e 2.5 JH = e . : :

LEGEND: ®-Brrars, Vines; ©-Tree-like Shrubs; O—T/‘fees.'

- Prgect 13, £rg. D
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PART 51X
ROADSIDE PLANTING

Much scrious cresion has resulbed from improper handling of the
cut and fill banks along highwoys and roads. This has resulted in not
only oxtremcly high maintenonce cost toc the Highway Commission bubt
thousands of acres of wvnluable farm land have been affocted as well.

Much of the loss could have been provented if a procedure as
illustrated had been followed. It is with the hope that this type of
erosion control will be expanded that we offer thesge suggestions.

Sketch Noe 3, page 175, View of Planbing for. Bank Control.

Sketch No, L, page 176, Planting in Conjunction with Culvert
Outlets,

It should be kept in mind in meking roadside plantings thab
small flowering shrubs or vines should always be planted adjacent to
either or both sides of the highway in order to prevent cbscuring the
vision along the highway and to beautify the scencry.

Lis the plantings reecede from the highvmy different species may
be uscd and by proper selcetion they con be made to harmonize with the
existing background.

The foregoing coneludss o very elerenbary discussion on the use
of trecs and shrubs in conjunction with engincering structures designed
for conbrolling erosion,
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View of Planting for Bank Cortrol -
As Vsed A ong Hlsbway ‘S 7
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7rees Lforrted Sod Strippinrg Placed Ifere fo  Lock RPelommg  Brush Mating
Alorng fHere fo Lro- ESIql/isr Vegelalive Growth Wall Built fHere Loid r7ere arnd
lecl Oank. Spaced =~  Arirarnged Jame as SHOW?? o Stari Vege- Seeded as //us-
arnd Arrepged as 12 Skelch 3, Part £, Gully totiorn SeeFart Yratedin Skerch

Maustroted in Shetlch LVearrt/rg.s. , 2, Sfetch 4, . 5 Portl Gelly
2, Part 2. : Gutly Plartings. - FPlortings

NOTE— These Methods May be Used Lither Stgly or it Combirnmtion as
Deterrmired by PAyS/cal Conartions of GanA.
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| SKETCH NO. 4 | |
CU]:,VELDT OUTLET PLANTINGS /
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© 7ree-like Shrwbs
D ShHrerbs ard Lricars
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b)—Ermploy Stag-
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Llonts as Showrr i
Ofretch No. &, Gully
Eraritings
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CHAPTER XI
SEEDING OF EROSION CONTROL STRUCTURES

Erosion conbrol structures arc not intended to control crosion
uneideds In most cases they arc used to check the flow of water until
vegetation can become established. In o few cases they are necessary
as o permanent protection in order to esbablish and hold vegebation.
Ordinarily, vegetation should be used with all erocsion control structures.

To moke a satisfactory secding, in commection with erosion comn-
trol structures, a number of factors must be taken intc consideration,
inecluding soil, slope, time of year and secd available, Under the best
of conditions it is difficult to cstoblish a cover on tho raw subsoil and
shale so prevalent around ercsion conbtrol structures. The lack of
orgonic matter couscs the soil $o dry rapldly and difficulby will be
encownteorced in sceuring a good vegetative cover, However, a little
vogebation is botber than none and every sprig cstablished aids in
reproduction of additional wvegotation. Whencver a plant estoblishes
itsclf on the side of a zully bank, it irmediately begins to build up
organic mattor, It also forms a shade which scrves as protoetion to
other plants £rom the hot sun, proventing the soil from drying so
rapidly. The fine roobs hold the secil, Leaves, twigs and other
organie motter have a tondeney to ledge against the plant stems, all
helping to form a protective covering. If the plant propagatos by
rhizomes or stclons, o sproading of the plont beogins to take place
as scon as 1t has bocome well cstablisheds

In making scodings, it is better to use scvoral different
kinds of sceds rathor than just one or btwo. Sometimes tho soil is
suitable tc one and somctimes to another plant. It is also important
to rcmember that, in naburo, plants live in communitios and the success
or failure of one depends, in a largo way, upon other plants in the
imnediate vieinity. A very good sced mixbure to use undor average
conditions, is o8 follows:

Korocan lespodesza 25 pounds
Common " 20 "
Redtop 10 "
Orchard grass 20 "
Timothy 10 "

Where the lespedezas are used, it is well to keep in mind thot
they are legumes and support on their roots bacteria capable of taking
nitrogen from the air and fixing it in the soil. For this reason, it
is ncecssory that the suitable bacteria be present. The supplying of
theese boeberia is called inocculabting. Inoculation con be accomplished
by securing scil from o field where the legumo in question has been
grovn successfully or by using commoreial inoculant, The main thing
to keep in nind in inoculating seed is that some of the bacteria must
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come in contact with cach and cvery sced. Where the soil mobhod of -
inoculation is usecd, onough fince airt should be used so that there is
1ittlc doubt but that the bactoria is in contaet with all of the scod,

It is prefereble %o uso cormorcial inoculants. ‘then this is done,
diroctions for their usc will be found on the container. Bobh Xorcan
and cormon lespedoza arc annualsi both produce sced in abundance and
start rcascnably carly in the spring. Thoy arc in the height of their
growth during the hobt, dry, surmer months when the growbh of nmost of the
perennial grasses is rebtarded. They have a good root system and, although
they dis in the fall with the first frosts, the roots remain in the soil
over winter and not only serve ag a protection against erosion, but serve
materially in building up the organic matter of the soil, Their nitrogen
fixing habit, explained above, causes them 4o be beneficial to other
plants grown in the vieinity,

Redtop is a perennial, has a fine fibrous root system, will
grow on relatvively poor, acid and damp soils and serves a very deofinite
place in eontrolling erosion in moist gulliss and under acid conditions.

Orchard prass is a peremnial, grows in bunches, and on account
of its dense growth and fine fibrous end extensive root system, is very
effective in controlling erosion. It does fairly well on poor soils,
but responds rapidly to fertilization.

Kenbucky blue grass is a perennial, does not do well on poor,
acid soils, but when properly fertilized, mekes a dense turf over the
soil, Its habit of propagation by under-ground rhizomes causes it to
spread very rapidly under favorable conditions.

Timothy, used extensively as a hay crop, is a perennial and
under favorable conditions will live many years. It will grow on fairly
poor soil, but responds readily to fertilization.

The mixture mentioned above, planted at the rate of 20 to 30
pounds per acre, makes a falirly good seeding. It will depend upon the
time of year as Yo whether this mixbure should be adhered to closely or
not, The mixbure is recommended for late winter and spring. It is not
recommended that seeding be attempbed during the swmer months on asow-
count of the hot, dry weather, February and March are recommended as the
best time for spring seeding, but seeding may be continued wntil the
first of May with fairly good results from April sceding, depending upon
The weather conditionss Fall seeding is recommended and, in mony cases,
may be expocted to give more satisfactory results than spring seedinge
However, fall seeding should generally not be attempted after November
first. 4 mixbure for fall seeding can be made by leaving the lespedeza
out of the mixbure rccommended for spring seeding. When fall seeding is
followed, the lespedezas con be sown the following spring in late February
or carly March,
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It is quite commen to find cnough lime in some of our subsoils
ond shales to cause sweet clover to grow well, Where this is the case,
it is advisable to seed some sweet clover in addition to the previously
mentioned seed mixture. The sweet clover can be sceded seporote {rom
the sced mixture if desired. (Sweet clover should be properly inoculated.)

Whenever it is possible to fenee the structures from grazing, it
is well to usc some rapidly growing small grain such as barley, wheat or
oats for a nurse or cover crop., Winter wheat or winter barley may be uscd
in the spring as well as in the fall, Thesc small grains grow more
rapidly than do the grasses mentioned in the seed mixture and will aid
immenscly in holding the soil until the permancnt grasses ean become
astablished, However, it is not advisable to usc small grains in areas
where livosbtock is left to graze, as tho luscious grecn of the small
grein will cause the livestock to concentrate just where it is not
wanted,

Bermuda grass has the possibility of becoming an important
erosion control plant in West Virginia, especially in comnection with
controlling crosion on badly eroded arcas and in conncotion with crosion
centrol structures, Bermuda grass is a peremnial and propagates itself
mainly by running stems known as stolons. Thesc stolons have nodes or
Jjoints which are able to take root and send up aerial branches at cach
nede, thereby forming a new plant, While Bermuda grass is a southern
plent, so to speak, it has been knovm to grow as far north as Canada.
Its value in West Virginia is still qucstionable, but beecause of its
srosion resisting qualitios it should be given o trinl.

Kudzu is a vinous legume, introduced into this country from
Japan. It has been found to do gquite well in the southern statos, pro-
ducing runners as long as 70 feot in one year. In the Piedmont section
of the south, it is being uscd oxtensively to control erosion in the
larger gullies, Its use in Weost Virginia as an erosion controel plant
may still be questionable bubt, from observotions made of its growth,
it is felt that it will play on important part in controlling erosicn
in the low altitudos of the state, It is propagated by allowing the
long vines to take root at the nodes or by taking the rumners in the
fall, cubting them up, leaving one node to the piece, and planting
thom in a nursery until o good root gystem has been csbablished., Trans-
planting should not bc done until the plant is at least two yeoars old,
as the larger the' root systom the greator ivs chance for living. The
rate of planting will vary from 500 to 1000 crowns per acre, depending
upon conditions such as soil, vegetative cover alreacdy present, and
other seeding or planting done.

Fertilization is very necessary in connection with the estab-
lishment of vogetation in gullied arecas and on erosion control structurcse.
It is best to usc a complete fertilizer, but if such is not available, 2
Tertilizer contoining phosphorus and nitrogen will probably give satis-
Tactory results.. Appliecotion should be mnde at the rate of 40O to 500
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pounds per acre of the equivalent of l;-12«l;. As mentioned beforc in

this article, the soil in many gullied areas has becen found to conbain
enough lime for the preper growth of sweet clover., However, in mony
others the soil is found to be very poor and much in need of lime. In
thosc cases, it is advisable to apply lime at the same time the fertilizer
is opplicds The rote of upplication will depend upon the requirement, but
the average will be around two tons per aero.

In making seedings the difforent types of engincering structures
must always be kept in mind as well as the orosion problem which the
engineer is trylng to solve, Since it is impossible to cover all of
these problems in a general discussion, they will be discussed under
scparate hoadings os follows:

1. GULLIES

Temporary Dams

Temporary dams are built to check the flow of wabter and to hold
vhe soil until vogetation can bocome cstablished and take care of the
situation. Fertilizer should be applied and lime, if necessary. This
can be done by spreading the fertilizer and lime by hand over the
structures and roking in with a hond rakc. The rocommcnded sced mixture
should be used acccording to the earlier discussion. This mixbure con
be sovm at the same time the foertilizer is spreed ond raked in umder
one operation, However, if the sccding is done in the early spring
before freezing weather is over, it is not necessary to rake the sced
in, as alternate freezing and thawing will work the seed into the ground.
If the structure is fenced from grazing, it is advisable to use onc of
the small groins in addition to the seed mixturc.

Bermuda sod is used very effectively in the south in moking a
vegotative cover for temporary struetures. It can be placed below the
dom and botween the logs in case the temporary structure is o log dame
It will grow readily between the logs on the lower side of the dom and
will make o complete covering of vegetotion that will go a leng way in
controlling crosion when the 1ife of the gtructure is over. It is
proboble that it will give satisfactory results in West Virginia.

Again, if the strusture ig fenced from grazing, kudzu is o very
degirable plant to use. It will develop a luxurient growth in from
threce to four years, or in plenty of time to take care of the situation
before the temporary structure roks out. In the planting of Kudzu on
areas of this nature, locobions should be made where there is still
sufficient soil for proper growth. The planting of kudzu can be made
threce to four fect back from the edge of -the gully itself and can be
expeeted to vine over into the gully in time ond form o complete covering
over the gully ond structurc.
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Permanent Doms

Pormaonent doms do not present such an immediate vegetation
problen as do tomporary dams, Since permonent dams are cxpected to last
morc or less indefinitely, it is not so important to have as rapidly
growing plants as wore required for the temporary dams. The exposed
surfoce in connecetion with permonent dams should be seeded with the
previously recommended seed mixburc and in the same monner as described
under bemporary dams. However, Bermuda grass or Kudzu con probably be
used to advantage. Fertilizer and limo is just as necessary in comncction
with permanent dams as with temporary dams.

Gully Banke

Gully banks present o somewhat difficult problem because they
are usually fairly steep and haove nothing on which to establish vege-
tation excopt subsoil ond shales A good way to begin cstablishment
of vogotation on gully banks is to cubt off ony overhonging sod, let
it slide down the bank and hold it somewherc on the slope. This is
easy %o accomplish when the workor is oporating from below with an
instrumcnt such as a hoe or mattocks The sod can be allowed to slide
down to the selected location and may then be stomped firmly inte the
ground, Jdifter the overhanging sod has becn removed and located as
deseribed, fertilizer and lime may be applicd along with the recom=
mended seed mixture, If the soil contains lime in sufficient quantivy,
swect clover can bo added in addition to the recommended mixture. Since
gully banks take up very little water, they dry soon after o rain, For
this reason swvery procaution should be taken to get some sort of wvege~-
tation that will maintain itself under such conditions,

A number of native lespedezas are able to maintain themselves on
steop gully banks. Workers should alwoys be eareful in repairing and
secding gullieg and gully banks not to destroy any more vegetation than
is absolutely ncocssary, sincc vegetation found growing under these con-
ditions hos usually adapted itself to its surrounding. If the area is
fonced from grazing, the usc of Kudzu should not be overlooked. It can
be planted in the better locations back of the gully bank and, as
described above, can be expected to vinec over the entire gully.

Gully Beds

It is usunlly coasier to cstoblish vegetation in gully beds than
on tho banks. The tendency to dry out is less rapid and any obstructions
have o tondency to collcet sediment and debris, These aid materially in
conscrving the moisbure and proteoting the plants. The recommended seed
mixture should be usod. Vegobatbion can also be cstablished in gully beds
by placing some soil, fertilizer and sced in o cheap burlap bag and placing
doam fashion, in tho betbtom of the gully. This method has beon found to
work excoptionally well on the Spenccr projoct.



=182«

Diversion Ditchos

Diversion ditches present a somewhat different problem than do
gullics and gully structures. Since, in a groat many cascs, therc is
still some topsoil on the sides of tho diversion ditches an offort should
bc made to cstablish vegetation along the sides and bottom of diversion
ditches. Bormuda grass has beon used very offcetively on southern
projocts and it is felt to have its place for such work in West Vir-
ginia. Where therc is sufficient soil to support it, a good blue
gross sod is vory cffective in controlling crosion. The idea is to
have some sort of close growing grass that will prevent crosion in
o diversion ditch and, at the same time, net f£ill it up to the point
of obstructing the flow of woter. Tho rccommonded sced mixture can
bc used, or o mixture of Redtop and Common Lospedeza. Fertilizor

should be applicd if it is possible to get it worked into the soil
50 as to be helipful.

I1. SHEET EROSION

Brush Matting

Brush matting scrves two important purposes. First, it checks
erosion itself, because of the protection afforded from the beating
rain and beecause the flow of water is rctarded over croded arcas. Sccond,
it conserves moisture and protects young plants from the heat until they
have become cstablished, Scodings that have beon made on arens of this
kind have been found to be very successful., The recommended sced mixture
should be used and, if the area is feneod, smoll groin can be uscd, Since
brush matting is more or less temporary und since in largo numbers of
cases wherc brush matting is uscd, the entire topsoil and part of the
subsoil is gonc, it is felt that some plont, such as kudzu should be
used in the immcdiatec vicinity since it will vine over the arca and 2id
materially in controlling crosion after the brush matting has gone.

Brush Strips

Brush strips can be hondled vwory similorly to the brush matting,
except that sccding should be made betweon the strip with the recommended
sced mixbture, and lime and foertilizor used and roked in with the seed.

III. TERRACES

Terrace Cublets

Somc sort of wvegetotion should be estoblished in berrace outlets
that will permit the frco flow of water and, at the same timo, form a
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complete covering over the sides and bottom of the terrace outlets. If
the soil is sufficiently fertile, blué grass will do a very offective job.
Redtop can also be used along with common lespedeza. Better still,
probobly Bermuda grass, since it will grow on foirly wnfertile soil in
the form of a complete covering. Nobural grass woaterways should be used

wherever possible.
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