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HISTORY AND TIE'VELOPMENT OF PROJ"ECT 

I • 

The project on Slope Erosion Control was set up by the Joint 
Committee at the 15th ./µmual Meeting of tho Highway Research Board in 
1935 •. The ~ollo~ing agencies Wero invited to cooperate: Highway Re­
search Board, Soil Consorvntion Service, Bureau of Public Roads, 
Tennesse~ Valley Authority, and representatives of the various State 
Highway Departments in selected key areas • . 

The statement of the problem prepared by the subcommittee ut 
that time may be summarized as follows: 

The prevention of erosion along highways is a 
national problem the solution of which has often 
proved very costly and not always entirely success-• f'ul. The solution involves engineering factors of 
highway location with. respect to ·t.opography, \lross­
section, and d.ra.inage and incidental structures, a.a 
well as the appli•ed principles of forestry, agronomy 
and soil analysis ~ffecting the -selection and es­
tablishment of plant growth. 

Th~ tiroblem was divided into the following parts: 
.. : .... 

. · . . I. l!rosion on watershed areas in relation to the highway • 

a. Watershed areas below highvray drainage structures. 

b. Watershed areas above highway drainago structures. 

tr. Erosion in highway ditches. 

III. Erosion. on. cut and fill slopos. 
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The objectives of the subcommittee as set forth at that time 
were to study methods, demonstrate practices and determine materials, 
structures and plants best adapt0d for tho prov0ntion of erosion along 
highways under varying conditions of cross-section, soil type and 
climate. The study -oras to include -relative initial cost as well as 
subsequent maintenance • 

• 
SUGGESTED S:J?ECIFIC PHOBLEMS 

In comparison with the .final ~bjectives attained .and the re­
sults secured, it is interesting to note the ,.variety of specific prob-
1•ma which were suggested and which were included in the early stud­
ies. Tho suggested list as of Docombor 1935 is as follows: 

"I. Watershed areas in relation to the highway. 
(A) Watorshed areo.s lielowJhighwuy~ drainage· .structures. 

1. Demonstrate methods of disposal of road 
water thot will be less harm:('ul to farm 
lands and highway lands. 

a. Use of wide sodded channels. 
b. , Stabilization of flow line grade 

mechanically or with vegetation. 
c. Diversion ~ith tile. 
d. Deepen highway ditch and carry 

water to st~bilized natural ~ater 
c.ourse. 

e. Practical relocation of small high-
way drainage structures to take ad­
vantage of natural outlets or to 
move o~tlet to location where erosion 
will be more easily ~ontrolJ.ed. 
Riprapping, use of willow mats, 
flexible plastics, or planting fills 
and banks adjacent ·to drainage struc­
tures or watermays. 

g. Use of water in semi-arid sections. 

(B) Watershed areas above highway drainage structures. 
1. Demonstrate methods of stabilization of over­

fall gullies cutting headward above highways. 
a. Sloping head and sides and seeding, 

sodd:ing, or planting. (See u.s.D.A. 
Bulletin No. 1813 on Gully Control.) 

b. Flumes or drop structures. (See 
u.s.D.A. :Bulletin No. 1913 on Gully 
Control.) 

c. Addition of drop inlets {or head 
spillways) to existing structures. 

\ 
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Virginia ·trench method of establishing vines. 
Top-Before treatment. Bottom-One year after treatment. 

Soil Oonservat ion Service 



d. Relocating existing structures up 
slope or raising to higher elevation 
allowing ppnding and elevation of 
flow line of channel above road. 

e. Replacing existing bridges ,;rith 
highway fills and .drop inlets. (Not 
erosion - 'but flood control.) 

f. Riprapping or planting fill slopes 
adjacent to structures. 

!~I. Erosion in highway ditches. 
(A) Where quantity of runoff and grade indicate that 

veg~tative protection will be satisfactory. 
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1. Change design of ditch. (Broad, flat bottom 
ditches on same principle as terrace out­
lets.) 

2. Study effect of sod and methods of establish­
ing. (Sod in road ditch may be objectionable 
because it sometimes cau~es deposits of silt 
and clogs ditch. Where highway banks are com­
pletely stabilized, silting of ditches will be 
greatly reduced, and little objection found to 
the use of sod. ) \. 

3. In deeply eroded ditches whoro it is impractic­
able to change ·cross-section, study the uso of 
vines for stabilization. 

'(B) Ditches in locations where quantity of run-off, 
grade, soil type ·or other conditions make the use 
of vegetal protect ion impract icabla. 
1. Study effectiveness and co.st of various 

methods of·mechanical. control: overfall 
masonry, or concrote dams with aprons, 
spreader dams mithout aprons (low overfall 
masonry or concrete structures in broad 
flat bottomed di~ches), loose rock dams, 
and/or creosoted plank dams, log dams, etc., 
when nececessary to resort to such struc­
tures. 

2. Control at point of discharge by drop struc­
tures, flumes, sod, vines, etc. 

3. Proper design of terrace outlet structures 
where it is absolutely necessary to discharge 
terrace into high~ay ditches. 

4. · Thlprovising of new, less· ·expensive highvray 
checks for temporary or pennanent use, with 
due regard for traffic safety requirements. 

\ 
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11III. 

• 

Erosion on cut and fill slopes. 
(A) Treatment and design of back and shoulder slopes and 

highway embankment. 
1. Study cross-section of roadway to determine 

possibilities of reducing the degree of slopes: 
In sandy and light loamy soils consider reduc­
tion of slopes of 3 to 1 to 4 to 1, heavier 
s .oils of approximately 2 to 1. 

2. Detennine proper angle of repose for sodded em­
bankments on various soil types. 

3. Study possibility of using berm ditches or in­
tercepting di~ches above cut slopes, such 
ditches to be located approximately on contour 
and designed for a non-erosive velocity. Their 
use will depend on (a) quantity of runoff and 
(b) the existence of a satisfactory point of 
discharge. The use of benn ditches or inter­
cep~ing ditches parallel to edge of top of cut 
should be discouraged. 

4. Consider use of temporary shoulder curbs and 
discharge flumes on fills. 

(B) Study the effectiveness of seedling tree planting in 
controlling erosion on highway slopes. This study 
should include such factors as soil type, tree spac­
ing and trees naturally adapted. ·The element of 
safety M users of the highway must be considered 
and no trees planted in locations where they will 
eventually obstruct lines of vision. 

(C) Study the effectiveness of vines and shrubs in con­
trolling erosion. ~Should include such factors as 
soil types and vines naturally adapted, and methods 
of planting. 

(D) Seed mixtures of grasses and nurse crops to be test­
ed under different exposures, cUmatic conditions, 
and soil types. 

(E) Study the various methods and factors to determine 
the most effective methods to establish sod on vary­
ing degrees end finish of . slope and soil types. 
1. Carefully finishing surface and seeding with 

and without addition of top soil. 
2. Leaving surface rough and· seeding on exist­

ing soil. 
3. Effect of' mulching vri th strav.1 or. lit tar of 

1 and 2 above. \o 
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4. Planting countersunk .sod strips, and seeding 
between, Compare effectiveness and cost with 
1 and 2, . . .. . 

5. Method of establishing sod vegetatively. 
6. Effect of fertilizer treatmonts on 1, 2, 3, 

4, and 5. 

(F) Prevention of Wind Eros:i,.on. 
In blown sands, oil spray me.thods are to be 'disco~r­
age·d in favor of· the planting of stolons or other 
vegetative methods of establishing grasses suitable 
under v.arioU:s sand conditions. (Special report of 
Simsberry Slope, Conn·ecticut State Highwa:y Depart-
ment.) · · 

(G) .Prevention of Slips (Several projects started -
results lator.) 
1. Planting deep rooted trees, 
2. Mechanical method such as piling, cribbing, 

d.ivers ion ditches, intercepting tile, blind 
drains; etc." · 

CONTRIBUTIONS OF INDIVIIXJAIS 
orHER THAN.J"OINT COMMITTEE MEMBERS 

Valuable contributions were made in tho initial stages .of 
this work by tho Soil Conservation§orvico, especially by their En­
gineer, Mr. T. B, Chambers. The Carnegie Institute of Washington, 
D. c., made available to the Joint Committee the sel."Vices of Dr. F. E, 
Clements . with his background of ecological research. rho T.V.A. made 
its contribution through c. c. Davis, J", w. Hamilton, and J"ohn E, 
Snyder. 

METHODS 

On May 6·• 1937, at the suggest ion of the ·Joint Committee, 
there was mane effective by the Bureau of Public Roads a memorandum 
of understanding between the Soil Conservation Service of the Topart­
ment o~ Agriculture and the Bureau of Public Roa ds relative to demon­
stration of methods of erosion qontrol ·a.long highways. This memoran­
d'Ulll. was sent to the various District engine0rs 'on July 16, 1937, and 
followed later by 'instructions for the submission of preliminary re­
PCll!"ts and survey data for each project. TT<o types of projects war~ 
Provided for the Highway _Departments: · 

. . 
(l) two party agreements between · State and Soil . Conservation 

Service I where no · Fedoral-a:id funds wore · involved; . ail.d,_ 
. ' . 

( 2) three party agreements between State, Soil Conservntion 
Service, and Bureau of Public Roads. 
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Th~ Soil ConseI":v-ation Service also made its services available to the 
state highway departments on erosion problom areas common to both tho 
highway and adjacent lands. 

The above outline sugg~ste~ many , different combinations and 
possibilities and led to some very interesting results. It offored 
the best engineering skill available in the field, and many of the 
States, especially in the South where erosion problems aro more acute, 
availed themselves of this demonstrational ~ork. 

, .The · first sunmer meeting of yhe Joint Committee was held 
July 6-11, 1936, at St. Louis, Missouri, at the invitation of F. w. 
Sayers, Roadside Engineer for the State High~ay Department. At that 
meeting considerable time was spent in coordinating the points of view 
o!ff the several cooperating agencies. All of those attending connnit .. . 
ted themselves definitely to the program as outlined on page ?2. 

Ear~y in September, the State of Arkansas started a project 
some five miles in length. Other States also started demonstration 
projects~ The La Crosse County project in Wisconsin was located near 
research demonstrations of the Soil Conservation Service. Unusually 
fine opportunities were thus offered for observation and experimental 
projects in connection with the .demonstrations along a ten-mile sec­
tion of highway, five miles of which was accomplished under the coop­
erative method, and the other five under contract and force account 
methods. 

EROSION CONTROL rn THE T.V.A. AREA 

The intensive work which had been started in the T.V.A. area 
was 'continued throughout i93o / and included control of erosion in the 
following: 

1. Cut and fill slopes; 
2. Highway ditches; 
3. Waterways below highway drainage struc.tures; and 
4. Waterways above and leading dowri int.a highv.ray drain-

age structures. 

Erosion control on cut and fill slopes was the most obvious 
or preventive work. The Bureau of Public Roads had recently made a 
very valuable contribution to the solution o~· some of, the slope ero­
sion problems by work which urgently furthered the stream-lining of 
highways. The few examples of highway projects in which the engineer 
had built a stream-line cross-section, rounding back the slopes in­
stead of leaving the usual railroad-type angles and sc&rs, were suf­
ficiently outstanding to attract the attention not only to the safety 
factors involved, but also to the problems of maintenance and the 
alleviation of erosion diff~cu~ties. 
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Cross section revised ond area seeded to gross. 

Soil Conservation Service 
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EMPHASIS ON THE USE OF NATIVE PLANrs 

At the J"oint Committee meoting iri. December; H)36, ·nr. Frederic 
ciemonts of the Carnegie Institute of Vhshington and Consulting Ecolo-
ist· .. for the Soil• eonsorvntion ·service soundod a note- of warning to 

!hos e using foroigil. or exotic plants for orosion control. Japanoso 
goneysuckle' which had established itself in many sections ot the south­
eastern States, ·was being accepted /gElnerally in certai1?- sections of 
the country as a means of controlling erosion ·on back and'fill slopes. 
Dr• Clemon.ts said in part: 

"When we see the disastrous effects •••••• the choking 
rut of large blocks of•native vogetation ••••• due to dis­
semination of this plant in the Pennsylvania and Virginia 
areas, we must of necessity be in doubt. This may lead 
to acceptance ·ot the...principle that only native and in­
digenous plants or those which have been thoroughly tried 
over a period of at least a century should be used for 
the prevention of soil erosion. :The promiscuous dissemi­
nation of introduced foreign or innnigrant plants may be 
tho source of many trrubles.in the · years to come. The 
following considerations may act as a practical guide in 
roadside development: · 

(1) By the use ~f native plants_, tho cost of main­
tenance is necessarily reduc·od to the lovrest 
possible point. 

(2) They .require lo~er ' costs in time and cash out­
lay. 

(3) A definite ecological succession can thus be 
·established •. 

(4) Greater returns to the individual and to the 
co:nmru.nity·through a closer acquaintance and a 
greater sympathy with the out-of-doors environ­
ment 1n which recreational and spirittia.l ·values 
are to be secured." 

CERTAm HIGHWAY EROSION PROBI.EM3 OUTSIDE OF iUGHT-OF-WAY 

Besides the more obvious }U.ghway erosion problems which re­
late themselves directly to highway .right-of-way, the study of the 
erosion of waterways above and leading down into highway drainage 
structures was urged. The 1936 report briefly ·states the problem 
thus: 

"An important·obaervation •••.••• is that the problems 
of erosion do not terminate with the legal limits of the 
highway. It is often necessary to ·sot up projects in 
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coopcztation with adjacent property owners. Tho chang­
ing of the water table by highway construction methods 
often creates difficult land use problems for the ad­
jacent and sometimes unsuspecting farmer. Erosion in 
water ways above and, leading down into highway drainage 
structures l ikewis~ has its engineering, forestry, and 
landscaping aspects . In the solution of these two 
problems , i t might be observed that adequa te land use 
and zon i ng are important factors. If definite arens 
adjacent to the high~ay could be set aside for the tree 
gro't"'th and maintained under good woodlot practices, 
very orten much of the work of erosion control would be 
s:implified. 

"Thus we see that problems which appear to be only 
problems of erosion soon carry us into the broader field 
of rural and regional planning. There rests upon the 
highway engineer an ever widening responsibility. The 
welfare of farming depends upon farm to market roads as 
well as upon through highways but what the engineer does 
with the drainage system ho establishes may also bo im­
portant in determining what is good farming practice." 

RECOMMENDATIONS FOR 1936 

The subcommittee report at the 16th Annual Meeting of the 
Highway Research Board presonted the following recommendations: 

"I. We urgo upon tho various State Highway De­
partmonts tho illlportance of availing themselves of 
the opportunity of roadside demonstrations in soil 
erosion prevention, and also of such as the following 
in the research studies of this project. 

l. Outstanding climatic conditions. 
2. Special na~re of surface and subsoil 

conditions. 
3. Variety of exposure to sunlight. 
4. Seasonal nature of planting and seed­

ing; i.e., spring and autumn. 

"II. -Wo urge tho 9oopora:hion of the Stato,. Highwi:ly--De- · 
partments in the collection of obtainable data either of 
an engineering or landscaping nature which are of value 
in the field of erosion control. 

"III. The basic factors of selection of plants for 
erosion control on the highway and adjacent erosivo 



ureas wher ~ the runoff affect~ highway ~intenance and 
protec tion are as follo~s: 

l . The 1ndlgellous character of the adja­
cent landscape should be accentuated 
and pr esorved. 

2 . Native plants , those found in tho area 
befor e the advent of t~e white, man, 

-should be used and r estored y,herever 
possiblo. 

3. The highways ~hould be ''roadways back 
tQ na tu.re". 

4. Nat ive plants have acqui rod r esistance 
to fungus diseases and insect attacks . 

5. Be inB a part of the balance established 
by na:ture , epidemics a£ disease or in­
sect attack are balanced by divorsifiod 
gr oups of plants . 

,6 . Exotic species , because they are out of 
balance with other plant life, if used 
too extensively may be wiped _ou.t in the 
future by an epidemic 01" i nsects or dis­
ease . 

7. Tho conservation and .restoration of na­
tive plants offer better protection, 
food , and nesting pl aces for s9ng and 
insoct ,ivor ous bir ds 0.s well as small 
go.me. All of these are essen.tial -in 
the maintenance of the balance estab­
lished by nature . 

a. The applicatfon of these basic princi­
ples for the preservation an~ restora­
tion of nature ' s balance will assure 
economical highway maintenance . The 
problem of erosion vrhon thoroughly un­
dor stood becanes ver y simple." 

PROGRESS IN 193? 

'73. 

By October 1, 193'7 , eleven States were actively cooperating 
With tlle Soil Conservation Service of the Depar tmont of Agr icultur e 
on seventy-one or osio~ contr ol research projec~s . Sovontoon_other 
States had indicat ed progr ess i n this direct ion. Several States , in­
cluding some outside of the Soil Conservation Sarvice r ogions , had 
undertaken soil erosion projects in accor dance ~ith the outline pre­
Pared by the Joint' Committee. · 
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The Soil Conservation Service 1 in recognitton ·0f the impor­
tance of this work and at the request of tho Bureatl of Public Roads 
had assignod one of iys technicians, Mr. Arnold Davis, to coordinat; 
highway erosion controlcresear~h projects throughout t he country, A 
review of these spacial research projects by the subcommittee in its 
193? report brought out the following points: 

"Research Project Set--U_p_ 

1. Erosion control research projects are located 
primarily where the Soil Conservation Sorvico has most 
of its c. c. c. camps, The greator part of tho work to 
date has. been done in the Mississippi Valley and Middle 
West, 

2, A joint agreement between the Sbil Conservation 
Service and the State Highway Departments involved, 
clear.ly delineating the responsibilities of each party, 
is drawn up, 

3. P18ns are prepared by the, Soil Conservation 
Service ~and the highway department·, based on standards 
al~eady set by the States in their regular roadside de­
velopmen·b- work, These consist of typical cross-sect ion, 
estimate and l ayout sheets based on regulo.r construction 
bl~eprints in highway department fiLes. 

"Methods Used in P.arr¥ing.out Re~ch Projects 

While the methods usod in erosion control projects 
differ to meet regional climatic and soil conditions, 
all projects agree in their essential approach to the 
problem: 

1. Rounding and flattening of existing highway 
cross-sections form the base for all following stages 
of erosion control mork, 

2, Slopes are flattened to meet existing soil 
conditions, and the best available types of vegetative 
ground cov(-)r materials are selectod, 

3. Ditch crosr:; sec·t ions are rounded and flatten­
ed to reduce the abrasive force of surface water per 
square inch of surface .fl · 

Li - The. Soil ~onservation Service recommends that the ditch section be 
designed for a velocity which will not cause scouring and at the same 
time will minimize silting when the road ditch is intercepting outside 
water, It has been demonstrated in the south and southwest that Ber­
muda grass will carry water at a velocity of 8 ft. per sec. without 
causing scour, 
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Before and after treatment in the Pacific Northwest. 
Soil Conservation Service 



4. Topsoil is restored on seed beds~~ planting 
areas, or existing soils are ·treated with manure or 
fertilizers. 

5. Ditches are surfaced with sod or masonry, 
ditch chec}ce are installed, culverts are extended or 

'modified, riprap is placed, and concreto o-r other 
• typos of check dams are construct·ed to mo0t the ro­

quirements of each project where vegetative control 
methods alone are not effective.Lg · 

6. Solid sodding, strip sodding, sprigging, 
seeding 'and combinations of these methods are used 
to establish grass as a ground cover. 

?. Spreading vines or low ~oody shrubs are 
planted on slopes too steep for effective grass es­
tablishment. 

8.- To a limited ·extent, black locust and other 
tree seedlings are planted in high~ay ~eas to con­
trol erosion. ·.· 

9. In all cases, ·native grasses, vines, shrubs, 
and othGr plants are foatured as far as supplios of 
such materials arc commercially available. 

"Summary and Rocommondations 

Factors Affecting Erosion Control: 

?5. 

In all erosion control projects, emphasis i~ being 
placed on analysis of existing vegetation, soil and drain­
age on the roadsides and adjacent lands. Methods applied 
are based upon such conditions. 

The factors which appear to be most important in all 
erosion control resoarch on highway areas ar0: 

"Ji - Special attont ion should be given to improving tho designs of 
culvert cross drains. Drop inlot or head spillways should be design­
ed that will not only prevent erosion but will .not prove hazardous to 
drivers. The outlet end o-r the culvert should be des:tgnod to reduce 
the velocity of vrator after it has passed through the culvert, either 
by flaring the end or by making use of de-energizers. A solution to 
the latter· problem will prevent damage to adjacent agricultural land. 
In numerous cases side.drains have been eliminated and driveway ramps 

-constructed. These ramps are ·not only economical, bu~ are more ef-
fective in preventing erosion. · 
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1. The erodibility of existing soils. 
2. The dimensions and. degree of slope of bare 

soil areas. 
3. The velocity and volume of surface water 

which reaches the highway from adjoining 
lands, depending on land use. 

4. The design of highvray slope and ditch sec­
tions and of high~ay dra:Lnage structures. 

5. Types of ground covers existing off the 
highway and existing or established on 
erodible areas within highway limits. 

In general, all methods of erosion control nru.st be 
adjusted to meet the -erodibility of the soils on highway 
areas ·as affected by these combined factors. Proper de­
sign of the highway cross-sec tion plus establishment of 
well selected native ~lant materials wiil remain the 
backbone of successful erosion control work. 

Factors Contributing to Soil Erosion: 

1. Highway slopes have been too steep for stabili­
zation of existing soils and have thus prevented 
ready establishment of vegetative ground cover. 

2. Highway cross-sections have featured steep slopes 
with flat plane surfaces which- have tended to en­
courage orosion. 

3. Highway slopes and shoulder areas have not been 
provided ~ith proper sub-surface drainage. Earth 
slumpage and slides have resulted. 

4. Topsoil has not been conserved during construc­
_tion operations and sterile roil surfaces have 
been left upon which vegetation cannot be estab­
lished until fertility is restored. 

5 •. Ditch section, culvert, and inlet and outlet de­
sign have in some cases favored surface soil ero­
sion on highway lands. 

Basic objectives of both highway erosion control and 
roadside development are: 

1. The demonstration · of : 

a. Improved rounded and streamlined .earth cross sec-
•tions wh+~h will resist erosion, make possible the estab­
lishment ot vegetative grpund covers and which can be in­
corporated with new highway construction at reasonable 
cost. These streamlined cross-sections should not be stand­
ardized,, but varied to meet the needs of G:x:isting soil and 

· topography. 
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b.· •_.Eff ec t i ve and economic me.thods of topsoil con­

·servatio:o. .and ' r0storation end SUC Gessful exper imenta­
tion with 9hemi9 ~l and o~ganic comoinations of f e rtili-

. zers with. existing so iis where 110:ps o il cannot be res­
tored or, being restored, is found to be of _poor quality. 

c • . _Effectiv~ .methods of control of excess water 
·· before it; reaches the h;l.ghwa.y. Such control may be se­
· cured by establishment of vegetative ground cover, by 
the use of baffles, 0r check dams in drainage channels, 
by divers ion ditches, or by terracing or unq.er-drainage 

. to direct .,wa.t_er a11'Tay . .f~arn the road,,,.ay. · 

2. The determination or:· · · 

_a •. The relatfon bet}"een the physical character 
(~rodibility) of axis.ting .soilst degree of slopo and 
the fac_tor of'. site, aspoc.t, and tha selection of types 
of vegetative ground -cover. 

b. Best methods of establishing grasses, legumes 
and herbaceous plants by means of seeding, sprigging 
and chunk, strip or solid sodding, or ccmbinations of 

, . tho~e, under various roadside conditions • 
. . ' '." . ' . 

c. B.est method,s <,f e.stablishing woo~y. vines or 
'low woody_ shrubs by planting collected or. nursery-grown 
materials seiected to meet various roadside conditions. 

d. .· Be·~t type . of st ru.c ture s t'o pre"1e nt e·ros ion in 
·di tches, op. slopes, ·or ·on other h ighway areas . under ex­
t~eme conditions where vegetative methods alone are not 
effective. 

"Conclusions · 
. . ~ 

'l'he Connnittee rec.onnnends that the following points 
be kept . in mind in all .fut1+re erosion pontrol research: . 

1. A primary purpose of the work is the improve­
ment of highvray construction and maintenance 
m~thods leading. tomard future highways vrhich. 
will be free from the costly and damaging ef­
fects of soil erosion. 

2. The first need in high~ay erosion.control is 
tp . provide a reasonably fertile soil surface 
on a d~gree of rounded earth slope · f'avo:rable 
to the establishment of common and existing 

·available types of native or naturalized veg­
etation. 

77. 
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3. Spe•cial erosion control highway research pro­
jects should provide demonstrated facts upon 
which improved readside development and event­
ually improved highwa~ dosigu will be basod. 

4, Erosion control research and demonstration pro­
jeota muat· be selected as- to site and planned 
as to methods used, with the object of solving 
existing highway design, c0nstruction, and 
maintenance problems • . 

5. The deteI1Illinat ion of most effective methods 
alone, will not solve the problem~ Methods 
nn.1st be dotem:l.no~ wnich can ~e coordinated 
with customary higln'TB.y enginoering practice, 
using mass product ion me tho de which. .feature 
the uso of .common and readily seeured seeds 
and plants ·to bind the s011., · as ' i'ar as possi;. 
ble without masonry or other artificial 
structures." ,. 

ACTIVITI:ES OF 1938 

By 1938 the results of the demonstrations of the past two 
years were evident 1n many sections of the nation. The data accumu­
lated were ,effectively used in several of the States and the demon­
strat ional value of 'these projects was definitely established. 

One hunclre.d projects were under we.y in thirty,;oone States by 
November 1938. Ovor two hundred miles of'. highway wore ei thor planned 
or under construction in accordance with the outline of this committee 
tbl'ough the cooperative arrangement of the Bureau of Public Roads and 
the Soil Conservation Service. In general the work was done by c.c.c. 
forces of the Soil Oonservution Service which were ope~ating in the 
vicinity of the project. In cases where the solution of the problem 
\'\'8.S o.bvious and the answer definitely 'knoVlll, the proj act was posted 
as an· educational demonstration. V!herever the answer was sought and 
the solution of the problem was not conclusive, the techniques of re­
search were applied. 

The following statrnnent was included as part of the sub­
committee's 1938 report: 

"Slope Design 8Ild Treatment 

In the study of slope design some results must be im­
mediate, although the cost may be relatively high. In 
such cases the best possible solution of the problem, as 
ascertained in the light of past experience, was the one 
which was chosen. 
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.,; : .. .. -In general, low cost of ·control was one of the objec• 
ti-'v~s ao~ght, although the t:!me · requi.red for such control 

. ,to beoane effective. ~as ' often.two ~ -~hree,-or four years. 

Ofton low cost controls with .long-time. objectives 
woro failures bocause oxcossive erosion would destroy the 

• ini:tial highway ·.construct:ion mrk before the· controls 
· could become effective. 

"Ditch Design and Treatment 

: Certain field tests and experiment's w.e-re :Lnitiated, 
. 1;hese t ·o be c·hecke.d aga.inst information obtained in the 
hydraulic· ·laboratoi:y. · Some , of the so wore: 

l. Detennination of the maximum pennissible ve-
: . · · locity ·of flow -of water over the ·different 

varieties ,of grasses and soil types without 
scouring, or the minimum without silting. 

·, . ·2. P.roper width and depth of ditch in relation 
to the drainage area, soil · type, and cover 
mater ia:l used. 

3 •. · · Effects ot min:lm.um ditch design required for 
·safety and maintenance against tho theoreti­
cal capacity ,design .. 

-· . "Findings and Resul t s ,:t'or 1~ 

The fallowing re.eul ts · are based on observations in 
the, different States and on the different :projects where 
this type of research is being conducted. 

1. The proper .design of cross-section ·is the basic 
requirement of controlling most all types of 
.erosion. • ·The responsibility for th1s v.rork can 
be met only by a man of ~ide · experience and 
thorough kno~ledge of .the· problems that are in­
volved and the dangers and damages·· which are 
likely to occur frcm improper cross-section de­
sign. Sufr.icient ·data have been secured to show 
conclusively the inadequacy of poor design. 

· There .. is a crying need for more detailed exami­
nations of projocts and more caref'ul training of 
division and district engineers who make field 
inspections - to observe carefully the erosion fac­
tors involved and to study tho likely drunaga . 
which may occur. In many cases the average em-
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2. 

3. 

4. 

5. 

:ploy'ee who is charged by the designing engineer 
wi~h the responsibility of laying grades, bal­
ancing yardage, and designing slopes and ditches 
is inadequately trained to handle a job of such 
enormous responsibility. 

With the use of Bermuda Grass, effective covers 
ms1 be established in ditch cross-sections where 
maximum velocities of 8 ft. per soc. may be ex­
pected. 

Fertilizers are definitely more efficient in the 
establishment of Bermuda Grass than dense plant~ 
ing because dense planting means greater labor 
cost&, 

Strip sodding is effective in some areas when 
the strips are placed on very short spacings. 
However, the cost of sodding by this method is 
almost as 1nuch as solid or block sodding, and 
the results are not nearly so good. When the 
strips have been placed on slopes with inter­
vals of 4 ft. on erodible soils, serious 
trouble has developed from benching and erod­
ing between the strips. Even when nurse crops 
or mulches are used, the results have not 
proved to be an economical method of sodding. 

Broadcast or streak sodding has proved very ef­
fective on high fertility soils. On some pro­
jects adequate permanent cover was obtained 
after the first growing season at a cost of less 
than two cents par square yard. This method 
offers possibi~ities and further developments 
will be observed during the coming year. 

6. In the establishment of grasses by seeding, 
brush and straw mulch has proved vezy effective 
m some areas. Especially is this true if 
plantings are made during the seasons of heavy 
rainfall. There is a need for more information 
on low fertil·ity grasses. 

' 

Mechanical covers such as· cotton cloth, twisted paper, 
and burlap have proved successful in holding the soil until 
plantings develop. Ho~ever, the costs are such that this 
use must .be confined .to critical areas and to seeding on 
raw soils • . 

,. 



Controlling erosion in Texa s witll Bermuda gra ss . 
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7. Spot Planting has ' p1•oved .ineffective in most 
instanc·es • E:x:perimen tat ion has proved that 

' the trench method used in Virginia is highly 
successful' in the soils and climate of that 
region. · . ' 

·••~~its .Accruing .fron1 Slope Erosion Control Outside of 
·ID:@way. ·Ri@_t-of- Way 
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· · · · A suc:ces.sful · program of· slo1m· erosion control will be 
beneficial .to .adjacent land and the landovrner in the fol­
lowing ways: 

1. To prevent gullies from exten.ding·intofarm 
lands and destroying fann structures (slough­
ing banks have passed right-of-wa_y fenqe lines 
and in many instances destroyed 'iarm. b·ound­
aries). 

2. To prevent -silting of "adjacent lands. · . 

.. 3~ ' To: prevent fast (flash) runoff from· highway 
right-of-way which contri\iutea materially to 
overflows ·an'd ' floods. 

4. To prevent silting o,:f ·streams. 

5. To provide irrigation ond"el:i.rninate surfuce 
erosion.· In the semi-arid regions of the 
United Sta tea, water· mEly be di vertod (by the 
use of terraces and levees) to adjoining pas­
ture lands and spread ovcr•wide areas for ir­
rigation- purposes. On som~ small wa"llersheds 
it has been possible to. treat the ,adjacent 
land -by:.the use of contour furrows and . level 
terraces so that little or no surface ·water 
reaches the high'IJ'Tay, or runs in highwo.y ditches 
or over slopes, thus aut_om.atica~ly. eliminating 
surface erosion. 

"Results of Experirnentu on Culvert Design 
f 

The ideal design of a culvert. is one that will func­
•tion properly in•.carryinB the water under the road with­
out erosion above or belovr the culvert. It must.; above 
all, fulfill. tho requi~ements of modern highway design. 

The problem with which the eras ion engineer is con­
frontod is the improvement of designs so that dwn.aging 
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features of the culvert may be eliminated and proper func­
tioning permitted. Improvements havo been made in drop 
inlet and head spillway structures for use at the inlet 
end of the culvert. 

The design of the outlet end of the culvert has been 
sadly neglected. Research has been undertaken with the 
use of "de ... enorg'izer11 and 91:f'lared ends" to prevent erosion 
at the outlet. Apparently the maximum increase in Width 
of the lo~er end of tho culvert shou~d no t be over a ratio 
of one ft. in ten. From ·results obtained in hydraulic 
laboratories, the water will not spread any faster than 
this ratio. T)le :improvements sought are to decrease the 
velocity of flow and prevent the undermining of the cul­
TGrt itself. 

"Ecology 

The projects that have been undertaken have been de­
veloped along the lines of establishing native plant ma­
terial on the affected aroas in the most econanical manner. 
luring the first yeo.r most · o~ the w~rk consists of estab­
lishing grasses end vines. DJ.ring the coming year the pro­
jects will be extended to the use of shrubs and low woody 
plants when such plant material can be adapted to the con­
ditions. It must be realized that objectives of tho cooper­
ative -work being carried on by the Soil Conservation Ser­
vice and the various highway departments is pr:imarily to 
control erosion. The correlation of the ae'sthetic improve­
ments rm.1st necessarily be left entirely to the State de­
partment landscape onginoor. 

The joint Committee established a subcommittee on 
Plant Ecology, whi~h will work with the subcommittee on 
Erosion in the final selection of plants to be used for 
slope erosion control purposes in the various sections 

.of the United States. 

"Water Conservation 

Control o~ erosion and the conserving of moisture 
on highways and adjacent lands will be beneficial to the 
farmer by increasing the capacities of underground reser­
voirs, which ~111 increase the amount of moisture for 
plant growth. Drainage areas contributory to the highway 
must be considered when improvements are rnade in the con­
ditions on the right-of-~ay. The high~ay departments and 
agencies intereste~ in conserving soil as well as moisture 
have a common problem that can be solved only by close co-
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operation nf tighway engine,ers . and adjacent landomiers, 
When tho lando'lvller undorstjands tiii:i benefits.,th~t will bo 
derived fr~n concontrated offorts , by .a11· parties, little 

,. difficulty will be enco~ntered.:i,n ~ecuring a.dditional 
, ._ right-of-Hay at little or no cost for the $olut ion or 

: slope e1•osion probl~~-- . , . . · · ' · 

11Metho ds of Evaluating and Disseminating. the .·Final Re-
" sul ts and Recommendations : 

•It is re~lized bY. the . cornmitt~e that the final an­
swers to "t;hese ,problems will . vary throughout the United 
States. ln order that the.results may be properly ap­
plied only ·within an area where succe13sful results may 
.be expected, it has been necessary. _ to 9-ivide the United 
States into "Problem Areas" according to: 

1 , · Soil. type .. 
2. Qlimatological dat.a . 

a • . Rainfall, its 
b • Tempe re ture 

3 ,. Altitude 
4, Plant adaptability 

amount and inten~ity 

Withip, each probl.em area there must be established 
.. the mo-st . desirable season for construct ion an¢). planting. 

Recoimnendations must also be made for· plantings and pro­
tection of Sf;llll.e when work. is · executed . . during other sea­

.. sons. 

Tho formation of these problem areas is being de­
veloped for ilnrr).ediate use in the .choice.of plants in the 
present program. The aro~s will be ·· revised at the end 
of each year if it is deemed advisable after evaluation 
of the current season's rosul f s · rui·d observations. 

11&lop.e Erosion Con'trol on County Trunk and Farm-to-Market 
Roads 

Gp.I;) of the means .-of mea suring the .eff ect ivenes s of 
-- . · demonstrat i on and r osearch proj ects .is in . the accept ance 

oft~ methods employed ~Y ot~er agenc i es which have s :im­
il~r probl ems . In. some sections. of t he countr.y t he r e­
sults of res earch• pr oj ect·s h ave.- been s·o oµt st.and ing t hat 
requests ·have c9nre from f anners ," l andomers ., _a.nd coun ty 
high~ay agencies for h eLp in the ~o1utj9n of 'the i r prob­
lems. ~here ara als0 · ins t anc es where f armers have r e­
ques 'j; ~d t hat t he;ir loca·l hi ghway .,off' ic ial s co'ope r a te vrit h 
t he Federal agenQies in t~e- elbninat i on of _pa~al1eling 

83, 
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ditches and duplicating structures. This is a very signif­
icant indication of the practical value of the demonstra­
tions and research projects.· Thie to these requests and de­
mands, the Soil Conservation Service, through the coordina­
tor, has initiated and planned erosion control projects 
with 1'75 county highway departments in the United States. 
Programs are being developed to prevent erosion on the 
county roads in critical areas whero agricultural land is 
being soriously damaged. This program is correlated with 
the demonstrational work that the Soil Conservation Ser­
vice is doing on agricultural land. This work consists to 
a large extent of resectioning county roads along modern 
lines and stabilizing the highway ditches and slopes so 
that the highway drainageway may be utilized to carry off 
concentrated flow from water disposal systems on agricul­
tural lands. 

The practice'of discharging water into unstabilized 
highway ditches is being discouraged in order to eliminate 
damage to public property or to abutting private lands. 

For economical reasons, one drainageway should be used 
to serve both purposes, namely, the runoff of the highway 
right-of-way itself as well as the adjacent farm land. The 
solution of this problmn can be obtained only by full reali­
zation of the various aspects of the problem by both coopera­
ting parties. The correction of a danaging condition that 
is destroying public property and decreasing land values of 
pri'vate property holders can be made most economically where 
the officials charged vdth soil erosion control work have 
the willing and hearty cooperation of the county hip,hway of­
ficials whose roadways traverse the area involved • 

.... 
"Other Activities 

There is another approach to slope erosion control 
quite within the scope of scientific research, namely, a 
survey and analysis of methods nor being used or inaugura­
ted in the various State departments. This past year the 
aubcomnittee headed by John L. Wright, Director of Road­
side Improvement for the Connecticut State Highwa.y Depart­
ment, and Frank H. Brant, State Landscape Engineer for the 
High1'18.y Department of North Carolina, by a well-planned 
questionnaire have inquired into such topics as the high­
way cross-section most desirable as a foundation for ero­
sion control work; slope drainage; drainage structures; 
topooiling, fertilizing, seeding, sodding, nmlching; and 
the planting of trees, shrubs, and vines for erosion con­
trol. Survey lists were sent to a mailing list of 24 in 
22 States. Eight of these were consistent contributors. 
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These and intermittent ·replies ., from 14 accounted for a 
response· o;f'.-slightly more th~,n f>O . per cen:t •. ·. 

~ : . 
,Th~ explicit . r_eplies .rec~ive·d :i,n this survey have 

enabled this subc<lijl)li ttee to· gather, .and subsequently 
:• disseminate, much . in.terest ing •_ ~n.d valuable i nformation. 

The replies. have ~ls,o · indfoa ted the wide recognition of 
the economica.limportance .of"' sound highway· slope ero­
sion control. 

Analysis of the .various ·replie~ indicates the 
following general rating· of soil erosion control meth­
ods.: 

1. Desirable cross section 
2 .. Topso~ling 
~- Berm ditches 
·4. Seeding 
5. M..tlching 
6. Sodding 
?. Paved ditches 
8. Fertilizing 
.9. Planting_ 

10, Drop inlets 
11. Ditch checks 
12. Underground drainage 
13. Wing and ohtlet ditches 

.. "lTo;posed .Extension of Slope Erosion Control. Project·a 
.. 

A geographical survey of the distribution .of· the va-
riqus research and demons.tration projects indicates . ·that 
most of these are located in the southern half of the · 
Uni_ted States. The reasons appear to be: 

85. 

(1) Greater need for the work in this area; ( 2) readi-· 
ness on the part of the hight"ray departments· in requesting 
this service for their States; (3) availability of men who 
have had experience in high~ay construction ~ark .as well 
as e.rosion control projects; and (4) · the economical and 

. practical value .of concentrating the· projects in order to 
minimize the expense and the amount of t:ime involved in · 
travel from project to project. 

~ - A complete tabulation containing information on topsoiling, 
seeding, fertilizing, ditch checks, and paved ditches will be found 
in the reports at the 18th .Annual .Meeting by the Joint Committee. 
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The subcommittee reconnnends that additional help be 
made available through the Soil ,Conservation Service to 
reach those areas in the Northern States that also have 
serious erosion control problems. They further urge up­
on tho various highway officials throughout the Northern 
States that they make a cioser study of the research pro­
jects, become familiar with their values, and roquest 
this service for their highway departments." 

ACTIVrrIES OF 1939 

The demonstrational work that has been carried on coopera­
tively by the Soil Conservation Service and State highway departments 
for the past three years has boen very successful as a moans of field 
application of the ideas of various technical groups in the field of 
roadside improvement. The 100 projects that were under way at the 
beginning of this year have been practically completed. Ten new pro­
jects that were initiated this year are at the present time in va­
rious stages or construction. The final reports on completed projects 
have been slow in coming in, due to the time interval of several grow­
ing seasons required for such conclusions to be evaluated. Prelimi­
nary reports will be turned over t~ the subcoromi ttee for study and 
evaluation llmnediately upon completion and information considered to 
be of value in highway engineering ~ill be submitted to the subcom­
mittee on Education and Public Relations ,tor publication in the quart­
erly, "Roadsides". 

In only a few regions of the United States has demonstra­
tional work covered a sufficient number of the problem areas, and 
there is need for additional demonstrations during the coming year 
in the Northeastern, North Central, and Pacific Coastal States. The 
subcommittee would recommend that demonstrations be established in 
these areas insofar as such work will fit into the work units of the 
Soil Conservation ·service. The subcanmittee suggests that the work 
during 1940 be similar to that recommended for 1939. The problem of 
highway erosion in Soil Consel:"Vation districts will be treated in 
numerous cases along with the treatment of the adjacent agricultural 
land. The Soil Conservation Service will assist local districts co­
operating with county or State road agencies to improve roadsides 
when such improvement will benefit tho adjacent land. This coopera­
tive approach will necessarily have a wide application to all types 
of roads. It is recommended that the Soil Conservation Service keep 
the subcommittee info.nned as to the progress of the work, especially 
results obtained that might be valuable from a research point of 
viow. 

A special meeting of the Joint Committee held at Brainerd, 
Minnesota, August 28-30, 1939, discussed the rollowing subjects per­
taining to erosion control: 
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(1) Desirable qualifications for an individual to be ap­
pointed by the Public Roads· Administration in the various districts 
as erosion control engineer. · . 

(2) . Graphic Solution of Di"ttch Design for Erosion Control. 

(3) Form and presentation of the reports on highway ero­
sion control demons·tration projects. 

(4) Preparation of educational film on slope erosion con­
trol in the different districts of the nation. 

An unusual opportunity'was afforded to study slope erosion 
control as well as other related phases of roadside development dur­
ing the tour from St. Paul .to · Brainerd and return. This was excep • . 
tionally well arranged by the ,. Minnesota Department of Highways and 
proved very · enlightening to those who participated. 

. . . 1 
The subcommit-tee has mflde arrangemonts with the Department 

of Agriculture through the So·H Conservation Service, to publish a 
joint bulletin on highway erosion prevention .,as it affects farm 
lands. 

The Joint Committee has approved .for publication facts and 
materials compiled from infonnation developed by the Soil Conserva­
tion Service. This publication, "Graphic Solution'·of High11ray Ditch 
Design.for Erosion Control", gives nefin'ite information on the cross 
sectional design of. high~ay side ditchesJ especially in areas where 
diversion of surface runoff is practiced on adjoining lands. It 
deals '"ith such. subjects as relationship of various plants to differ­
ent velocities of flo~ of water and different conditions such as 
soil types, climate, and geographic location. It will be of special 
value to the high, .. ay engineer ,.,ho has erosion. control problems and 
is interested in tho reduction of maintenance costs. The manual is 
included as Appendix IV of this report. 

· An outstanding development during 1939 -was the recognition 
of the fact that erosion control methods which had been demonstrated, 
have been effect.ive in reducing maintenance costs and protecting 
highway investments. This has been emphasized in the assignment by 
the Public Roads Administration of experienced engineers to coordi­
nate highway construction mork ~ith roadside erosion control activi­
ties in two of its districts. Further emphasis is added by the fact 
that the requests for such a step crone from the field, and by the 
ready acceptance of the announcement by various districts and State 
highway departments.· 

In this final report of the subcommittee on Erosion of the 
Joint Committee on Roadside Development, the findings and recommenda-
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tions are presented in a manner to conform to the outline of speci­
fic problems as suggested at the 1935 meet ing of t he Board. Fol' in­
formation on the selection of plant mat er i al s to be used in er os i on 
control, reference should be made to the report of tho eubcunmutt8 0 
on Ecology, Vol. 19 , Proceedings, Highway Researc h Boar,d, page 248. 

r. WA.TEBSH:RD, AREAS: IN·:RELATION--.. !JIO HIGHWAY 

A. Watershed Areas above highway drainage structures. 

1. Importance of Soil Conservation districts in treat­
ing drainage areas that affect highways. 

DJ.e to the fact that in numerous instances un­
controlled water diseharged onto the high~ay presents 
a problem that cannot be economically solved ~ithout 
sufficient treatment en the lands above the highrny, 
the Soil Conservation district offers assistance in 
the solution of these probia:ns. This district to 
which the Departmeijt of Agriculture offers various 
forms of assistance, is a legally constituted local 
governing body that has the authority to cooperate 
,,.,.i th private land O"'ncrs in cont:r-olling erosion and 
runoff 'IJl'aters. Thirty-six States have passea. la,,.,.s 
permitting Soil Conservation districts to be r,rgan­
ized and the formation and operation of these dis­
tricts is well under may at the present time. Many 
of these districts have availed themselves of the 
opportunity to assist local and State road agencies 
in solving problems of highway erosion. 

2. Gully Control. 

The need for the control of gullies was recog­
nized in the early stages of the subcom~ittee's 
v,ork and since the problem also confronts various 
agencies of the Department of Agriculture, this De-
partment has published an excellent bulletin on 
treatment of gull ieP (No. 1813 U .s ,D.A ,, ) • This 
bulletin is recommended to tlle att.:mtion of highway 
ongineors mho have p.robloms of gully control. 

3. Relocation of existing high,,.,.ay structures. 

This problem has been given -consideration 
since the beginning of the subcommittee's ~ork. It 
is felt ·at tl::i:1 time (1939) tha·~ :..ittle offo.rt 
should be ex:i:)ended in the relocation of existing 
structures, but that future mork should avoid errors 
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Vegetation treatment supported by head spillway . 
Soil Conservation Service 



now. recognized in the older ~ork. Tha properly de­
signed structure vrill be so located in the in.it ial 
construction program that erosion problems will be 
a_dequately solved. · 

4. Riprap. 

The various State high,rtay departments have ex­
perimented vri th !lu.merous methods of riprapping and 
adequate information should .be available from these 
sources. It is recommended that ·the suboommitt~e 
make the collection of these data one of their pro­
jects for 1940. 

B • . Watershed Areas below .highway drainage structures. ' . 

1. Demonstrate motkods of disposai of road drainage to 
prevent damage to ag~~.cul tural lands. 

a. Use of ~ido aoddod channels. 
I • 

Soddod Ch8.Ill}~ls, as outlined in ~he Manual 
on Ditch Design,.L! have been very effective far 
disposal of runo1'f ,..,ater~ below the _h:igh1J1Tay. 

, 

, b. Stabilization of flow line grade structurally 
or ,r,i-t;h vegeto.tion. 

Various methods of vegetative stabilization 
of flow line grade.have been successful 1?TI.en the 
expected velocity 111!8.S in· the lo•"'or bnl!.c kets. 
Where velocit ioa of flow wore well ubove 6 ft .• per 
sec., structures such as masonry or concrete over­
falls have been effective. Tho a:ppl;i.ca,tion of veg­
etative treatment he's been inore economical in the· 
humid sect ion; while in the arid _an<i semi~arid sec­
tion, structural treatment has been more ~idely 
used. 

2. Highway Ditches. 

Controlling sub-sµrface and surface drainage 
with one commci~ d,i.tch h~s been.tried in numerous 
instances·. It . is recoillI;llended that fUrther study 
be made of this pr.obletn ,by tho suboommi ttee on 
Highmay Types and. Roadside Areas, based on the 
!Ranual for d~tQh <lesign~ 

Z1 - Appendix IV. 
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3. Relocation of highway dra:inage structures. 

The subcommittee recommends, under this topic, 
the SBI!le procedure as outlined under I, A., 3, 

4. Riprap. 

The reconmiendations in Item I, A., 4 above are 
applicable to this problem. However, in the semi­
arid sections of the United States there has·been 
successfully used a combination of pipe and wire in 
arroyos and barrancas. · This structural treatment 
has been supplemented ~ith native vegetation. The 
subcommittee recommends that further research be 
made on this type of treatment in 1940, in coopera­
tion with the subconmi ttee on Ecology. 

5. Use of water in semi-arid· sections of the United 
States. 

It has been rou~d economically feasible to di­
vert water from high~ay structures onto tho range 
land .in this soct ion by the use of diversions and 
various forms of spreading systems. This ~ork has 
boen carried on cooperatively by the farmer through 
the Soil Conservation Service, ~ith the State high­
way department. The subcommittoe recommends that 
considerable emphasis be placed on this type of 
treatment since the erosion damage is not only olim­
inatod, but tho water is put to profitable use. 

II. HIGHWAY DrrCHES 

A. With vegetatuve protection. 

1. Ditch design. 

The subcommittee has recognized the failure of 
numerous methods of establishing vegetation in high­
way ditches due to improper design of the ditch. 
The establishing of c0ver in ditches has been suc­
cessful over ,,.,.ide areas but the vegetative cover 
mould not ~ithstand the velocities of flo~ produced 
by improper desi©J. ing of ditches. The subcommittee 
has recommended for publication, infonnation on 
ditch design for erosion control, ~hich is included 
as Appendix IT of this report. 



Water from the highway being diverted onto range land. 
Top- Befor·e treatment. Bottom- After treatment. 

Soi"! Conservation Service 
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2. Met bods of establishing vegetative cover by ~odding. 

. :· Various methods of establishing sod have been 
: ·•·- developed to f'it local soil and climatic conditions 

- . ' · which consiaer t~e availability of plant· material. 
Di genera.I',"·· block or solid sodding is not recommended 
by_ the _subconmdt·tee, except on critical areas where 
a.n immediate cove.r is required. . Various methods of 
:plr:1nt.ing permanent cover · such as sprig sodding and 

. mulch sodding have beeI'1. successful in limited pr(')blem . . . areas. In geri.eral, strip -s6dd.ing is not recommended 
u.nl'ess the areS:s bet~een the strips are .mulched with 

· material that ,iirill preve'nt erosfon and aid in estab-
., li_sh~ng ground cover. · · 

3. - Tre·atment_ of deeply eroded ditc·he~ vrithout change in 
· ' cro!3s-sectio:ri.·· · 

. ! ; 
The subconimi ttee reconnnends that_ deeply eroded 

"ditches aiong modern high,,,.ays not . be treated for 
.. · . .. e.ros .ibn. unless ·the cross · section has been redesigned. 

·· ' It is realized that ·it · is possible to stop the era-
. sfon in tlie deep ditches /but ·the eros s--sect ion would 
not .fit mod~rn high,.,.ay -a.osign requirements. Such 
'mrk would in time have to be destroyed to improve 
the road to modern- safety standards. On county and 
local roads where the cost of redesigning the cross­
section is prohibitive, I this ·recoimnenda:tion is not 
applicable. 

i3·.- · Structural treatment Without vegetative aid •. . . .. 
l. Effectiveness and cost. · 

Permanent structural treatment in high~ay . 
ditches may be effective but does not fit 'into the 
complete coordinated improvement program. There­
fore,' the subcommittee recommends that structurel 
treatment not be used in h1ghmay ditches except in 
extreme cases. This treatmont rofers to drop 
overfall structures· and not . to paved gutters ' or 
other similar structures. 

2. Con~rol at · point of ~ischarge. 

Experiments ""'i th methods to reduce the veloc i­
ty of flo~ and prevent erosion at the outlet end of 
drop structures ·have· been numeroua-, but r·esul ts are 
inadequate at this . time to permit making recommenda­
tions for treatment. The subcommittee recommends 
further study of this subject in 1940. 
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3. Design of terrace outlet structures. 

Design of terrace outlet structures discharging 
terrace ~ter into a road ditch hns progressed can­
s iderab ly dur i.iig the past year. In previous years 
years terrace water 'll!l8.s discharged mithout consider­
ing protection to tho highmay. In 1935 the subcom­
mittee favored the des:ign and construction of mason­
ry controlled outlets. ,, D.lring the years of 1936 and 
193? the subcommittee's attitude changed to favor 
the use or vegetation for the construction of the 
outlet. The construction was limited to the terrace 
channel and the approach to the road ditch. During 
the past year the subcoimJ.ittee has follo~ed closely 
the mark of the Soil Conservation Service in de­
signing and constructing terrace outlet structures 
discharging mater into high~~y ditches, Their meth­
ods\of treating the entire roadside ditch together 
~1th slopes have proved very effective. The sub­
committee understands that the Service has estab­
lished a policy of treating the entire area of the 
high~ay right-of-~ay rather than the individual out-
1.et structure. This includes re-cross-sectioning 
the road and designing the ditch section to discharge 
the water at velocities. that ~ill not erode soil 
properly protected by vegetation. 

4. High~ay check dams,. 

The subccmmittee recognizes the need of tempo­
rary check dams only ~hen they are used to encourage 
tho establishmont of vogctation as tho ultimate por­
manont control, and whon they do not form a traffic 
hazard. 

III. CUT AND FILL SLOPES 

A. Troatroent and design of back and shoulder slopes and 
highmay embankment. 

1. Determination of proper angle of repose for sodded 
embankments on various soil types. 

Due to the wide variation in soil types, sod 
cover and moisture conditions, tho subcommittee is 
unable at this ti.me to make dofini to rocommendat ions 
as to the proper slopes for the =idely varied con­
ditions. Ho~ever, the subcommittee feels that under 
ordinary conditions,extreme caution should be exer­
cised in sodding embankments ~hen the angle of re­
pos~ is ·steepor than 2 to 1. 
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Study possib:llity or·· using berm di tchoa above cut 
slopes, such ditches to be located appr~ximately 

_on contour and designed for a.non-erosive velocity. 
Their use ~ill depend on (a) quantity of runoff 

. and (b) the existe.nce of a satist.actory point of 
discharge. The u.se or berm ditches paral:J.el to 

· edge of top of cut ·should be qiscouragcd. 
: ' . ' 

The· use of berm or intercepting d_itches lo­
cated parallel to the center line ,of the higllway 
and constructed mithout protection against .ero­
sion is not recommended.. In .areas ,vhere the drain-

. age errea above the_ ditch is small . and .a_ quick veg- · 
~tative cover can.. .be obtained, ditches constructed 
parallel to tho center line may be used in. special 
cases. The subcommittee recommends t _hat berm or 
intercepting .di'tches be co~$tructed around the. cut 
cm nonerosive gr~des and vegetation be established 

' by. tho same mot}:lods roconnnerido.d tor establishing 
vegetation in ditch sections. 

Consider use of temporary shoulder curbs and dis­
charge flumes on fills. 

The use of . tempora.ry shoulder curbs has been 
satisfactory in some ·instances. Tho subc ammi ttee 
recommends ~hat ""h_en su9h curbs are desirable, 
they be constructed of earth protected ~1th vege-

·to.tion, or of concrete, masonry, or similar ma­
terials. In both cases the discharge charuiel over 
the fill should be constructed of material such as 
creosoted timber, concrete or masonry. 

B. Study of the effectiveness of vinos and shrubs in con­
trolling erosion shoul~ include such ~actors as soi~ ­
types; · vines naturally adapted, and methods of plant­
ing. 

Vinos and low shrub ground covers have been ef­
rectively used in the North Atlantic and Southern 
States. The use of Kudzu in the extreme Southern 
States has been very effective. ]urther observation 
and study should be made on the use of this and 
other material by the subcommittee on Ecology. 

c. se·ed mixtures of grasses and nurse crops_ to be tested 
under different expo~ures, climatic conditions 1 and 
soil '·types. ' 
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The subcommittee has received little definite infor­
mation on this subject. However, tha final reports of 
the demonstrational projects mill include definite recom­
mendations for va~ious seed mixtures to bo used in the 
specific problem area in 1'1hich the demonstration mas lo­
cated. The subcommittee recognizes the economical ad­
vantages of establishing vegetation by seeding and has 
recomrnendod th¾lt the Soil Conservation Sorvice ma.kc ox­
tonsive studios of scad mixturos ~herever applicable. 
This mill go on cooperatively mith the subcanmittee on 
Ecology. 

D. Study the various methods and factors to determine the 
most effective methods to establish sod on varying do­
greos and finish of slopo and soil typos. 

The subcommittee should obtain some definite in­
formation on methods and factors effective in establish­
ing sod from the various preliminary and final roports 
on the demonstration project as thoy are rnado available. 

1. Carefully finishing surface and seeding with and 
without addition of topsoil. 

Experiences of the Soil Conservation Service 
and variou~ highmay agencies clearly indicate that 
surfaces s~ould not be finished smooth before seed­
ing, sodding or the application of any materials in 
preparation for establishing vegetative cover. Seed­
ing mith the use of topsoil has beon successful with­
out the addition of fertilize-r. The addition of 
fertilizer depends on the soil analysis. Specific 
recommendations ~ill be made on this subject as the 
final reports on the demonstrations are available. 

2. Leaving surface rough and seeding on existing soil. 

This method of seeding has proved satisfactory 
in some localities. More information on this sub­
ject mill be available as the final reports on the 
demonstrations are received. 

3. Effect of mulching =ith stra~ or litter of 1 and 2 
above. 

MJ.lching of seeded areas has proved effective, 
and has progressed more in the past year than any 
other method of controlling erosion~ It is recom­
mended that a special survey be made· during 1940 



of .the_ var.ious methods of mulching, together with . 
the kinds of materials us_ed and the results ob­
tained by vari_ous State ag·encios • 

.. 
4-. Planting countorsunk sod strips, and se¢'ding be,­

tmeen. Compare effectiveness and cost mi th 1 and. 
2. 

. .. The· subc.ommittee does not recommend this meth-. 
od of control unless an application.of mulch is 
U!30d between the sod st~ips. · · 

5. Methods of establishing sod by transplanting. 

Various State highltT!ly departments, in coopera­
tion mith the Soil Conservation. Service, have de­
veloped improved methods of transplanting permanent· 

- cover. The specifications for these methods, in 
some States, are being included ih the standard. 
specif:i.-cations for road construc.t.ion. The subco:r:n­
mittee does . not ...,ish to make recommendations for 
any one general method of establishing sod by trans­
planting since the methods vary according to the 
type of sod, soi'.l. and climatic cond_it'ions • . it is 
thought that the informa tion should be disseminated 
local).y ;to the various high,.,.ay departmentf,l rather 
than make spec if'ic recommendations for· each of . the 
problem areas. . .. .. . . 

6. Effect of fertilizer _treatments. 

Where vogetat ion is to be ostablished in s-J,erilo 
nr ravr so;i.l, the o.ddition of fertilizer is definitely 
~dvisable. RecoP1IDendations for kinds of fertilizer 
and rates nf application ~ill. be made· for the vari.-

. ous areas after the final reports on demonstration 
projects novt under c_onstruction or_ observat,ion have 
been made and evaluated. 

E. Prevention of Wind Eros:L on. 

In blown sands, oil spray methods are to be discouraged 
in favor of the planting of stolons or other vegetative meth­
ods of establishing grasses suitable under various sand con­
ditions. Milching_ appears. _to offer ~he best results to date • 

. Wind erosion o·riginating cm th~ h~gh~ay _ right-of-,.,.ay is 
usually a 1o·caJ.i7,od problem and one on mhich little in,forma,;,. 
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tion has been obtained by the subcommittee. It is recom­
mended that the su0conllilittee request representatives of the 
various State highway departments to furnish information on 
this subject, especially States in the humid section of the 
United States. •In the semi-al:'id section, wind erosion is a 
common problem on all lands. Various methods or treating 
this land have been developed by Soil Conservation·service 
which are applicable in most "inatances to highway mind ero­
sion. It is suggested that where thfs is a constant prob­
lem the States contact the local offices of Soil Conserva­
tion Service and obtain the desired infol"!Tlation in regar~ 
to mind erosion control. 

F. Prevention of Slides. 

1. Planting deep rooted trees. 

In general, the subcommittee and representatives 
of the various State highway departments feel that 
deep rooted trees or othor vegetative growth are not 
particularly effective in preventing slides. 

2. Structural method such as piling, cribbing, diversion 
ditches, intercepting tile, blind drains 1 etc. 

Various methods of treatment such as cribbing, 
piling, diversion ditches, intercepting tile, blind 
drains, etc.~ have been attempted. However, in most 
cases, this ~ork has proved to be very expensive and 
should only be undertaken when the economics of the 
problem pennit it. It has been found that most slides 
are caused by the presence of mater in a soil plane. 
For this reason it is recornmen~ed that before ~ny 
slides are treated a thorough investigation be made 
of the moisture content of the slope and steps be 
taken to divert the ""B.ter from this soil plane. Some 
experiments are being made to divert the 1l"Bter by 
amalgating the soil plane by the use of dyne.mite. 
These experiments are in the initial stage and no in­
fonnation is available at this time. 

CONCLUSIONS 

The effectiveness of erosion control mork has been clea·rly 
demonstrated. It has heen an important factor in aiding highway de­
partmonts (1) to · promote the streamlining of their high~ays; (2) to 
solve their highway slope erosion control problems; (3) to promote 
friendly relations between county and federal agencies and landowners 



Wind erosion in the Southwest. 
Top-Before treatment. Bottom-One year after treatment. 

Soil Conservation- Service 
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ing in the same ~ea and having common problems; (4) to establish 
,rotkinJte techniques for the collection of data and presentation of re­
deft . and (5) to investigate problem areas, which i s another step in :e ;;gional approach to sympathetic and harmonious s tudy of slope ero-
sion on highways. 

* * * 

, 

SLOP.E EROSION CONTROL QUESTIONNAIRE 

In August of 1939 the Joint Committee sent a questionnaire to all 
state highway departments for the purpose of determining practices of 
slope erosion control. Replies which were received from all except eight 
St ates have been arranged in tabular form and will be supplied to those 
interested. Those desiring copies should address their requests to the 
Highway Research Board asking for the summary of the Slope Erosion con­
trol questionnaire. 
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GRAPHIC SOLUTION OF HIGHWAY DITCH DF..SIGN FOR EROSION :CONTROL ·.:' 
• • • • • I ~ • • 

Cross-Seoiional Design_as Related io 'Slope Erosion 
~ . .· 

' The proper oros's-~~cti~n,a~ ~esign ·of ,high ... ;a_y si~e ditches 
'• is ·or utmost importance to those whb have the responsibility of plan­

ning the draine.geway and selecting the proper plants to produce ground 
cover, especially in areas ,:"here _diversiqn into highv•ay ~itches of 
'surfac~ runoff · from· a.cljoining lands is ,practiced. It is not. th.e in­
t~ntion of th is report to. emphas ize furtp~r . the i,mporta_nce of moderate 
a],0 pes. or the elimination of ~}larp tran~itions in thell!-, but to con­
sider the proper drainagevray design ·as l'.'elated ·to the ·control of o_ro­
sion within such a waterv•ay. 

It is well lmown that various plants will ,,,ithstand differ­
ent velocities of flo"'T of· ,.,.ater even when : other conditions. such as 
soil. type, .are the same. For this roe.son . it is th~ opinion of the 
subcommittee that the de.sign of the drainage't'-'.ay. for a. desired ~elac i­
ty,, of f].ow U:nde_r normal conditions is of u:tmost importance. The f!Ub­
commi ttee is well awaro that it' is not a.l"&ay~ ,possib_le to cc;mstru~l"t 
the :prop·er-sized ditch because of 11m1tations in ri@t~of-way, 1n:..:· 
creased excavation co·st, and many other :f'actor.s, but the.re are n~er-

. ous cases where a design of the djltch 1s feasible. · The drainage-way 
should be constructed for velocities that are safe, and the design 
should favor the lower Te loci ties until the various plant materials 
have been tested under various conditions as to how well 'they can 
withstand the higher velocities. 

. In the high rainfall areas of the United States where run-
., off . control on agricultural land is a problem, _it· is espeo ially "·im­

portant that the waterway bo carefully designed~ · In many' instances 
the highway ditch will -receive the. discharge from adjoining terraced 
fields, which fact must be considered in designing the high'!l"8.y ditchts. 
When these are properly desigped, the water velocity will not change 
appreciably along the ·course, even though addi'tional ·we.ttir is dis­
chaz-god into the ditch at various points down the slope. This uni­
formity o'f velocity may be accomplished by incrca.s ing tho bb.ttom vridth 
beyond points where additional ~ater is intorqoptod. .. . . . . 

• I • 6 

. . The design o'f the drainagewa.y by ordinary mathematical solu-
tion.a· involves .ted'iou·s and laborious cut .. aud-try methods. For this 
.r~ason there is presented herein a graphic solution that will make it 

· much easier for the designing engineer to determine the proper bottom 
Width of a ditch under the varying condi~ions tor which provision 
:must be made. As pre\l"iousiy ·stated :it is· -.the suocotnmi ttee' s belief 

. . •. : · • ., ,. 
• r • .. • • -• , .. ',f I"" ~-• ,:_,, · , •, . • · 1 I I • ~ • 
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that in order to accomplish the proper ditch design which will be 
favorable to the control of erosion, it is necessary that improved 
technique in cross-sectional design .be made as easy and practical 
as possible. 

It is also evident that there is need for basic information 
on the saro velocities that various plant materials will withstand. 
There is included in Table No. 1, the est:imated allowable moan ve­
locities for well-vegetated channels for some of the common tYl)es of 
cover. 

The attached charts can be used in the field when the P.s. 
& E. is made, or by tho office designing engineer. Charts 3, 4 and 
5 are for trapezoidal channels where the front slope is 4:1, and the 
back slope 4:1, 3:1, and 2:1 respectively, ~hile Chart 6 is for tri­
angular channels. 

The Ma..nni n5 Formul~ 

The Manning formula is used extensively by .American . engineers 
in computing open channel velocities and dimensions. It lends itself 
readily to solution by diagrams or table.a, appears to be more accurate 
for a great'er range of conditions, and is simpler in form, for analytic 
solution than most other formulas ccm:nonly used. For these reasons it 
has been selected for use in the developmont of the charts in this re­
port. 

The Manning formula i s ; 

V = 1.486 R2/3 sl/2 
n 

For solving various tY})es of problems it is combined with the conti­
nuity equation Q = ~V, and expressed as: 

Q: 1.486 AR2/3 sii2 
n 

where Q = discharge in cubic feot por socond, 

n = coefficient of roughncss1 , 

A: wator cross-sectional area in sguaro feet, 

R = Hydraulic radius in reet (cross- sectional area) 
( wetted perimeter ) 

S = slope of channel in fall per foot (uniform flow.), 

and V = mean velocity_ in feet per .second. 

1 - "Coefficient of retardance" appears more appropriate for "n" in 
vegetated channels because of the diverse retarding influence of 
vegetal linings. 
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101. 
Chan.~el Velocitios 

Securing adequate capacity and avoiding detrimental scouring 
and silting velocitie.s. are pertiJle.i::l:t f~c.tor.$ in the design ot earth 
or vegetated channels. Safe maximum channel velocities are dependent 
upon the erosion resistance of the raspectivo channel linings. Dif­
ferent types of sod· covers vary· in 'their ability to resist water ve­
locities. Unlined· earth channels offer the least resistance to ero­
sion and must. be designed for comparatively l'ow 'lfelo·cities. The ve­
locity in a channel increases not only as· the slope of the ch8.1Ulel 
increases, but as the hydraulic radius (approximately ' the average 
water depth) increases, :and as the channel· resistance ( coefficient of 

. rete.rdance) decreases. Once the dre.inag'eway loce.tion and type of 
protection are selected, it. is usually impractical to change materi­
ally the channel slope or retardance factor, so velocity control•is 
largely obtained by regulating the average water depth by changing 

· the channel proportions. Wide• shallow channels produce lower veioc-
ities than narrow, deep channels. · 

Observations in the field and available ·experimental data 
indicate that the velocities in Table l will be safe and should be 
adopted for design purposes where vegetal covers are good. These 
figures apply for compe.rative),.y" short. flow duration with interven­
ing vegetal recovery periods. Where the development and maintenance 
of .a good vegetal cover cannot be depended upon, or where other ad­
verse, conditions prevail, proportionate- reductions in velocity.should 
be made. .. · 

.. Table. 1 •.. Allowable mean velocities· for woll-vegotated Channels 
I 

Type of lining • · ·Allo'PIBble veloc'i ty "V" 

B~:rrnuda grass • • • • • • • • • • • • • • • • .• • • . • • • • • • • • • 6 
Bluegrass •••............•.......... , . , . . . . 5 
Smo'o th brame grass ••••••••..••••.••• , ..• · , •• · 5 
Western wheat grass••~·•·•••·••···••••··•• 4 
Bl-ffalo grass ........ ,. ..•. ......•......... ., 4 
SUdan grass (annual, temporary cover) ••••• 3 
Conmon lespedeza (annual, reseeding) •••••• 3 
Lespedesa sericea ••••••·••••••••·••·••••·• 3 
Bare soil (non-erodible) ••·••••••·•••··••• 2 

Low channel velocities may cause undue silting in vegetated 
outlets, and ultimately lead to inadequate .channel capacity. It is 
not always possible to oliminato·entir01y· silting velocities in drain­
ageV<1ays, but excessive silting can be minimized to a large oxtont if 
adequate conservation practices are used on the contributing drainage 
area, if excessive terrace grades and spacing are . avoided .on adjacent 
agricul_tural lands, and if the drainage'\'Tay channels are properly main­
tained:. Where· necessary, channe;I.. cross-sections c.an sometimes·:be . ad­
justea.; even on com:parat.iv:ely fiat slop13s, to minimi-ze silt:-:doposi ting 
velocities. · 
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Channel Cross Sections 

Side slopes of 4:1 or flatter are ordinarily recommended ro~ 
shallow vegetated channels in order to facilitate the establishment 
of vegetative cover and the maintenance work. Further adjustments or 
channel cross-sections may be necessary to secure desired velocities 
and discharge capacities. For oxamplet the uso of triangular or 
V-shaped channels will aid in maintaining non-silting velocities on 
mild slopes during low runoff stages, or in d:rainageways where small 
peak rates of discharge are involved. Flattening the sido slopes or 
trapezoidal cross sections beyond the 4:1 has the advantage of in­
creasing discharge capacities and reducing the corresponding veloci­
ties. · Field experience indicates that the bottom Width of shallo~, 
vegetated channels with trapezoidal cross-sections should seldom ex­
ceed 20 feet. Where large volumes of runoff are encountered, paral­
lel adjacent channels separated by a flat-sided ridge can sometimes 
be used to advantage. 

Width-Depth Ratio 

To secure adequate velocity control in sloping channels 
there may be a tendency to make them extra wide and shallow in order 
to reduce the hydraulic radius. 1mlen this practice is carried to 
extremes, the flowing water tends to cut a deeper water course in 
the bed of the channel. Little is kno1"ll. of the mechanic~_of this en­
tre.nching action except that water will not flow in thin sheets over 
an erodible material •.. In the design of earth or vegetated channels, 
therefore, it seems that some limitations on tho max:imum ratio of bed 
width to depth of flow should be used. The most suitable value for 
this ratio undoubtedly depends upon the slope of the ditc·h and tho 
scour-resisting characteristics of the bed material; but at the pres­
ent ti.me sufficient infon:nation is not available to permit definite 
evaluation of these factors or to establish limitations for vegetated 
ditches. Present field experience indicates, however, that harmf'Ul 
channeling will rarely occur in channels having a width-depth ratio 
of less than 15. Until more definite information is secUl"ed it seems 
advisable to adhere to some such lim-iting ratio for flat-bottom chan­
nel designs wherever practical. 

Retardance Coefficients 

The factor 0 n" in the Manning formula is intended to be a 
measuro of the effoct or roughness and all other flow retarding in­
fluences in the channel. Trained judgment and due consideration of 
all data relating to similar kho'll"Il conditions are necessary in se­
lecting the proper value of "n" to use in a specific case. Since 
comparatively little exper:imental data are available on values of 
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nn.11 for various types of axn,e.J.l vegetated channels; scientific· guess 
\VOrk must be relied upon and an attempt to secure a high degree of 
refinement becomes .:1.mpractioal. 

A. review of the limited exp~rimental ,dat~ now available in­
dicates that the value of "n" for vegetated channola 'V'arios consid­
erably not only with ~rious types and cond1tion,s of covers, but also 
v,ith changes in channel slope, hyd1'8.ulic radius~ and velocity. Also 
a trend is indicated towai"d higher values than was origina!l.ly antici­
pated, particularly for low depths. Field application of the results 
makes it impractical to consider all the influencing factors individu­
ally. It is felt that an "n" value or 0.04 will be most applicable in 
determining -maximum design capacities tor the majority of vegetated 
drainageways in which good channel con:'d.itions prevail and a value of 
about 0.06 tor fair channel conditions. Good channel conditions imply 
well maintained, pliant grass covers, such as bluegrass or Bermuda 
grass and design :flow depths of 6 inches· or more. Fair channel con­
ditions apply to maintained coarse 9overs such as lespedeza. low flow 
depths, or to poorly maintained. pliant grass covers. Intermediate 
channel conditions will require proportional adjustments in the oor­
respqnding "n" values. 

Flood Flow DieoJiargea 

Both rainfall and drainage-area cbaraotoriatics have a mark­
ed 1nfluonce on the rates of runoff that can be expected. With other 
factors constant, high ra:1,nfall intensities, steep slopes, poor cov­
ers, :Impervious soils, or. short watersheds tend to produce higher 
rates or runoff. than low rainfall in tens it ias, flat slopes, good c ov­
ers, pervious so_il-s or long 1'08.tershods. The maximum. rate of runoff 
for any speeific tm.tershed usually occurs when' rains of high intens1-
ti~s fall on saturated o~ frozen soil and during periods ~hen vegetal 
cover is deplotod or dorm.ant. 

Determining the capacity for which channels should be design­
ed is a difficult problem due to the variety or runoff conditions 
which exist. I.Deal information on the rates of runoff from various 
watersheds should be utilized to the fullest extent possible. Where 
reliable records are available, runoff rates from similar watersheds 
in the same vicinity form a valuable guide. 

Charts land 2 have been prepared to serve as a guide in es­
t:unating runoff rates from various drainage areas. They may be used 
directly where other inforDBtion is not available or as a suppl€11lent 
to such local information a-s may be available. Chart 1 indicates the 
rate of runoff' that may be oxpocted for various-size drainage areas 
:f'~om stoma occurring theoretically on an avorago of a.bout once every 
25 years. It will be noted that some allomnce is being made for er­
feet of watershed characteristics on rate of runoff as indicated by 
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,· · the· ·curves, 1n th~ chart· and the summarized table. accompanying the 
· cui:-'.tes. .The rat~ o:r runoff should be selected from the curve · that 

most nearly fits tho particular drainage area in question. 

_· i_ - · __ . s~nce the our.ves are based· on the rainfall factor 1.0 shown 
1h Cha:r.-t 2, it will be .necessary to make .further adjustments ·to run­
off rates from drainag.e areas fa;l.ltng under other rainfall factors. 
These adjustment a can be mad~ ao9oroing to · the rainfall factor in 
Chart 2 that is representativ~ of the geographic location of the 
drainage area. · · 

When designing.for storms of 1o~year occurrence (frequency) 
reduce the rate of runoff in Chart 1 by about 14 per cent and in­
crease it about 21 per cent for. storms of 50-year occurrence .. For 
.100-year storms, a 43 ~r ·cent increase . should be. mad.a. 

' .. . 
PrecautiQns 

) . 

While the attached charts should sane a ~uable purpose 
in the solution of channel dimensions, they must be used with caution 
and not indiscriminately applied. It should be noted that the chan­
nel dimensions detennined :!'ran the charts are only the actual depth 
and wi:dth required to carry the estimated. rate ot runoff and do not 
provide for any freeboard. Fresboerd additions should be made, pro• 
portioned· to the field conditions, because of the uncertainty of run­
t:>ff estimates, channel coefficients, obstructions, probable loss of 

·' · oha·nnel ·capacity di.le to silt accumuJ.ation, or to conditions rerulting 
from the surfaces of poorly drained soils where drainage of the sub-

,. base is desired. An attempt should be made to secure as tihiform a 
·,,-elocity as practical throughout the entire channel. Where channel 
conditions are not Ul'liform, designs should be ma.de by sections, and 
adjustments I11ade · in each section to canpensate for changes in rate 
of runoff, grade, or channel-flo~ retardance factors. Changes in 
channel cross~sections should be made gradually and uniformly so as 
to ·. avoid channel eddying. 

'seguenco of Drainage Oh&1Bel Design 
' 

1. Determine the contributing drainage area in 
or square miles • . 

2. Bead· from, chart 1 the base discharge ''Q,n in eubic 
. feet per soc and ( c. f. s:-f for such drainage area 
· e:oooroing to vrhether the area is e:XitrE!llle, high, 

··· nonnal or low in . f lo od-produc ihg oharac teris tics. 
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3. Mll tiply such base "Q." by the proper factor taken 
fran chart 2 according to geographic location of 
the dra i1mge a:rea. 

4. Since chart 1 is based on stonns of 25-year fre­
quency, it will be necessary to further modify 
the value "Q," if other frequencies are des ired. 

5. Take from Table 1 the sai'o volocity l'V" for tho 
design soil covor. 

6. Divide the final design "Q," by V to obtain the 
channel cross-section area, A. 

7. Determine tho channel slope S in por cent. 

s. Decide upon the value of n; if it be o.04 use 
tho bottom scalo of velocitios on charts 3, 4, 
5 or 6, and if it bo o.oo use tho top scale. 
Note the t other values of "n" can be used by 
interpolation. 

9. Decide upon the side slopes for the channel. 

10. On charts 3, 4, 5 or 6, depending upon these­
lected channel and side slopes, take V on the 
bottom (or top) line; run vertically up (or 
doli!7ll) to the inclined line for the proper slope· 
S; then horizontally to the left to the solid 
curved line for the proper area A; thence ver­
tically down to the bottom line of the chart. 
The latter point will be tho channel bott~ 
width in foot. 

11. The intersection with the area line "A" of' a 
line brought horizontally left from the slope 
S also gives the channel depth in inches which 
can be interpolated betwoon tho dotted curved 
lines representing dopth. 

12. Increase the net channel depth as may be de­
sired to provide needful froeboard. 

13. Sample solution is shorn by dotted line on 
chart 5 ~or assumed values of V = 4½; ~ = 45; 
and S ~ 3%: Therefore A = il = 10. By fol-

4, 5 
lowing the steps outlined under 10 and 11 the 
bottom width and depth aro found to be 12.8 
feet and 8 inchos reapoctivoly. 

105. 



&
 

rO
 

V
 

1
0

 <
D

 
<X

> 
O

 
"
' 

C
\J

 
rO

 
V

 
1

0
 <

D
 

<X
> 

2
0

,0
0

0
 

15
,0

00
 

Q
 

0 
0 

0
0

 
0 

-
Q

 
Q

 
0

0
 

0 
0 

,. 
,. 

.. .
. 

,. 
, 
, . 

a 
o ,.

 
,. 

.. 
,.,

 
0 

0 
0

0
 

0 
0 

,. 
,.

 
. 

.. 
-

. 
I 

o 
~
 

C
\I 

rO
 

"-
1'

.I
O

<D
 

(X
) 

q 
IC

) 
C

\I 
"'>

 
V

 
IO

U
>

 
CO

 
0 

IC
) 

-0
 

C
: 

10
,0

00
 

8
0

0
0

 
6

0
0

0
 

5
0

0
0

 
4

0
0

0
 

3
0

0
0

 

~
 

2
0

0
0

 
~
 

15
00

 

i 
10

00
 

8
0

0
 

Q
) 

.Q
l 

L
L

 
(.

) 

.D
 

::
J g ~
 

0 L
L

 

..x
: 

0 Q
) a..
 

6
0

0
 

5
0

0
 

4
0

0
 

3
0

0
 

2
0

0
 

15
0 

10
0 

8
0

 
6

0
 

5
0

 
4

0
 

3
0

 

2
0

 
15

 

I I 

-
-

C
ha

ra
ct

er
is

tic
s 

E
xt

re
m

e 
H

ig
h 

T
o

f;
g

ro
p

h
y 

S
lo

pe
) 

S
te

ep
 

(O
ve

r3
0%

) 
H

ill
y 

(I
0

-3
0

%
) 

S
oi

l l
11

fil
tr

at
io

n 
N

e
g

lig
ib

le
 

Lo
w

 

V
eg

et
al

 C
ov

er
 

S
pa

rs
e 

,P
oo

r 

S
ur

fa
ce

 S
to

ra
9.e

 
N

eg
lig

ib
le

 
Lo

w
 

/ 
',

/ 
/ 

_J
>

 

-
-

_
/
 

,. 
_

/
 

,,,,,
 

,;
-

-
-

-
.,

 
-

_
J
 

,
.
,
,
-

_.,,
, 

,. 
,.

, 
/ 

,/
 ,.

 ,,,,-
" 

/ 
,,,,,

 
/ 

,,,. 
/ 

,.,, 
/ 

,,,,,
. 

/4
 

,,,,,
,, 

/ 
IO

O
. 

LO
 

C
\J 

rt
) 

V
 

LO
 C

.O
 

CX
> 

0 
LO

 
0 

• 
~
 

-
-

C\
J 

F
lo

o
d

-P
ro

d
u

ci
n

g
 C

h
a

ra
ct

e
ri

st
ic

s 
-

S
C

S
 -

3
/2

1
/4

0
-0

-2
6

9
2

 

. 

N
or

m
al

 
Lo

w 
-

R
ol

li
ng

 
F

la
tt

is
h

 
~
 

(5
-1

0
%

) 
(0

-5
%

) 
.
/
' 

.,,,,
 

N
or

m
al

 
.-

H
ig

h 
~
 

-
F

ai
r 

G
oo

d 
/ 

~
 

\C
.c

, 
I,

 
i.

..
."

' 
L

,"
"'

 

N
o

rm
a

l 
H

ig
h 

~
{

:-
~

 
.,, ,

 
.,,,.

,,, 
~
 

e,
\e

 
V

' 
~o

 
l..

t"
 

i,
,'

 
·( 

'!:
-0

,. 
,, 

~ 

· -
,,

 
c.t

" 
~
 

,,
 

.,~
o 

.....
 

-,,. 
~

,
i
 

~
 

7 

\f'
o.

., 
, 

__,
 

~~
· 

,,
 

~
 

.0
 

i,
, 

. .,,,.
. 

(e
,~

 
,i
, 

..
. 

/ 
Et~

~ 
,, 

.,,
, 

,~ 
v 

~~
 ~

,. 
~
o
~
 

, 
,. 

-
i,

, 

-;.
 

':v
o_

 
-

,. 
,. 

""' 
,, ..

. 
/ 

0 
0 

0
0

 
0 

0 
rt>

 
V

 
LO

 C
.O 

(X
) 

Q
 

D
ra

in
ag

e 
A

re
a

 ... 
.- - 0 

0 
IO

 
0 

-
C\

J 

(A
cr

es
) 

C
H

A
R

T
 

1 

-
, . .,,, 

... 
I.

, 
,"

 
i.

..
, .

..
 ~
 ... 

' - 0 
0 

0
0

 
8 

0 
0 

0 
0

0
 

0 
rt

) 
V

 
LO

 C
.O 

CX
> 

Q
 

-
i.

.,
..

.-

_
/
' 8 

g 
LO

 
0 C\

J 

I 
,~ .

,.
I 

1 
'2 \ .0

,0
0

()
 

5
,0

0
0

 
,"

 
.,,,.

 .,,,
. 

.,,,,
, 

~
 

-
,_

 
"" 

.... 

-
,~

 
~
 

-
~
 ... 

0
,0

0
0

 
8

0
0

0
 

g8
88

 
4

0
0

0
 

3
0

0
0

~
 

C
 

2
0

0
0

 8
 

15
0

0
 
~
 ... 

10
00

 
~
 

8
0

0
 

_ 

-
-

--
>

-

6
0

0
 

~ 
5

0
0

 
L

L
 

-
-

--

-

0 
0 

0
0

 
0 

0 
0

0
 

0 
0 

0
0

 
rt>

 
V

 
lO

 C
.O 

4
0

0
 

-~
 

. _.
_ 

,_
 

.0
 

3
0

0
 

:::, g 

--

2
0

0
 

5
0

 

I 0
0

 
8

0
 

6
0

 
5

0
 

4
0

 
3

0
 

2
0

 
5 

o 
cJO

 
0

0
 

O
Q

. 
(X

) 
Q

 

~
 

0 LL
 

..x
: 

0 Q
) a..
 

0
-2

6
9

 



-
-

0 

··r
~rr

-i)-=
----

--
-~

 
I 

l\t
 ,

 
I 

\ 
' 

?
~

 
½

 *
. l 

%
 

I..,
 

~ 
,, 

¾
 

/ 
-

V
 

i 
--

, 
t: 

t 
t~

 
) 

,-
-..

...
.. 

• .
/
\;

 1
 

. 
1 

J, 
,, 

, 
I 

o'?
 

\v
,., 

. 
·-

--
--

--
\
 

{ 
! 

# 
,,

. 
' 

"!
!-

-•-
--L

_
_

~
 L

 
i 

".
 l

 
I i 

, 
1 

I 
" 

:..
 -

--
---

.. 
··

• 
~ 

\I 
J•

I 
0 

I 
·1

1;
;/ 

11
 ,

.,,
 

· 
--

·r
---

-
,'f4

/ >
,41

 
J '.

I 
: 

\ 
, t

 
\'

H
 
;h

 
, 

\ 
r .

.. 
, 1

 f
' 

&
 

' 
fl':

 
, 

.,
,g

 
/ 

''
I
J
..

.,
..

-
(
,1

('
 

••
 

I 
• 

l 
. f

 
;,,

,-
ff

''
 

)\.
. .

 , ,
J---

~--
--

--
~-

,
,
 \

., 
\ 
✓

,,,, 
q_ 

\°
'\

 
: 

1-
l 

0 
\ 

tJ
 

I 
.8

-1
. 
~
 ~
 

if
 

/ 

>
 

' 
; 

~ 
.. \.

tl"
' 

.1
 \ 

~ 
"Ii#

 
jff

f 
'i}f

, 
,,, 

' 
~ 

/$
 

';
/ 

(D
 

cs 
.. , 

__
 _

J
 

' 

r·--
---

---
, 

. ......_
,_ _

 
; 

.__
_,..

.__
. 

. 
. 

I 

I 
~ 

' 
_,

 

~
---

--
-

-

-~ ia 

'"
"
-
-
~

-
··-

-L
L

. 
J 

--->
 

\ 
ll~

~
 : 
I 

t, 
'· 

i 
9

<
?

 
"-

.t
 

,
,
 

!•
 

t 
<J

I 
<J

I 
"
"
' 

. 
j 

~
-•-

r
--

-f
 

-....
.... 

' : 
,...

. 
'-

-.
.~

 

I 

N
ot

e
: 

(,,
j 

o
· 

In
 

cr
os

s-
ha

tc
he

d 
or

eo
s 

th
e 

ro
in

fo
ll 

is
 m

or
e 

in
te

ns
e 

th
an

 i
n 

th
e 

su
rr

ou
nd

in
g 

co
un

try
. 

W
he

re
 t

he
 r

an
ge

 o
f 

ra
in

fa
ll 

fa
ct

or
s 

fo
r 

th
es

e 
or

eo
s 

is
 n

ot
 i

nd
ic

a_
te

d 
on

 t
he

 m
op

 u
se

 o
 f

ac
to

r 

fro
m

 
0

,1
 lo

 0
.2

 
hi

gh
er

 t
ha

n 
th

e 
va

lu
e 

ap
pl

ic
ab

le
 t

o 
th

e 

su
rr

ou
nd

in
g 

re
gi

on
. 

Th
e 

bo
un

da
rie

s 
of

 t
he

se
 a

re
as

 o
re

 o
nl

y 

ro
ug

hl
y 

in
di

ca
te

d
. 

R
A

IN
FA

LL
 

FA
C

TO
R

S 
FO

R
 

U
S

E
 

IN
 

E
S

TI
M

A
TI

N
G

 
FL

O
O

D
 

FL
O

W
S

 

C
H

A
R

T
 

2 



~-
-.l

' 
I 

f,
I 

I 
I 
'k

l 
I 

l'<
-1:

 
l 

l"
'l
,I

 
I 

1-
<i

 
I 

P-
--k

:
1 

P·
+-

--.
:1

/ 
/

//
,f

//
/A

//
/

:/
/I

//
Y

/V
A

/,
U

:/
I/

V
¼

~
IA

VI
A

/
VA

 1
1

1.3
 

<1
 

l''
,l

 
l 

h 
I 

I 
I 

I 
1

',
I 

I 
I 

I 
l-

,d
 

I 
I 

I 
>

t .
....

 l 
I /

/
/
l 

/ 
X

l/
l 

Y
 /

 /
V

//
1

//
1

//
1

 ,
~

/V
A
/I

,~ 
,f

 X
YY

r-1
1 I

 
I 

I 
I 

I 
1.

2 

I 
/ 

f\ 
I 

I 
I'\

 
I 

I 
I

"\
 

l 
I 

I 
):

I 
t 

I 
I 

I 
I 

I:'
:>

 
I 

I 
I 

I 
l 

I 
::

t 
l 

I 
I 

I 
I 

I 
l 

I 
O

 l
 

I 
l 

I 
I 

I 
l 

l 
l 

I 
/ 

a 
l 

l 
l 

I 
/ 

I 
l 
I
/
 I

t 
V

 l
 

I 
I 

I 
I 

I 
I 

I 
I 

I 
1,

)5
 

~ 
-

10
 

15
 

2
0

 
2

5
-1

 
2 

3 
4 

5 
6 

7 
8 

9 
10

 
12

 
15

 
B

ot
to

m
 

W
id

th
 "

b"
 (

F
ee

t)
 

V
el

oc
ity

 "
v"

 (
F

ee
t 

pe
r 

S
ec

on
d)

 F
or

 "
n"

= 
0

.0
4

 

G
R

A
P

H
IC

 S
O

LU
T

IO
N

 O
F

 V
E

G
E

T
A

T
E

D
 C

H
A

N
N

E
L

 D
IM

E
N

S
IO

N
S

. 
(T

ra
p

e
zo

id
a

l 
C

ro
ss

 S
e

ct
io

n
 w

ith
 4

:1
 

S
id

e
 

S
lo

pe
s)

 
B

y 
M

an
ni

ng
 F

or
m

ul
a 

To
p 

W
id

th
 =

 B
ot

to
m

 W
id

th
+

 8
D

e
p

th
 

C
H

A
R

T
 

3 



I 
1°

.J
 

I 
'd

 
I 

!'
 .... 

I 
I 

I 
'>

k 
I 

I 
p>

 -c
l 

I >
 c

. 
I 

I 
>

k
 I

 
I 

'1
 <

::.
:I/

 
/ 

/ 
/ 

,1
 /

 /
 

/ 
,~

 /
 
/
/
 I

 / 
/ 

I/
 /

 
l' 

/ 
b' 

/I
/ 

J 
/ 
I/

 I
/ 

b'
 J

~1
 

I /
I 

V
 1

,1 
/

~'
A

 
I 

I 
t.3

 

I 
I 

't
 

I 
l'c

l 
I 

I 
I 

l'>
 ....

 I 
I 

I 
1 

f>
sJ

 
I 

I 
I 

l'<
::.

:I
 
I
/
/
/
/
 
/
,
f
/
/
/
:
 

/
/
¥

/
/
l
/
/
l/

/
1

 
/l

/b
'/

1
/1

/1
,1

,,
{

J
:7

~1
1 

I 
I 

1
1

1
.2

 

I 
I 

I 
)I

 
I
\
 

I 
'\

I 
I 

I 
>

 
I 

I 
I 

I 
I 

I 
::::

:,, 
I 

I 
L 

I 
, 

C
 

I 
I 

f 
I 

'1'
 

l 
l 

O
 

l 
C

 C
 

I 
I 

t 
I 

f 
l 

I 
/ 

0 
( 

4 
I 

I 
I 

I 
(
I

t 
It

 
II

 
A

 
I 

l 
I 

I 
I 

I 
I 

I 
I 

1.1
5 

• 
-

10
 

15
 

2
0

 
2

5
-1

 
2 

3 
4 

5 
6 

7 
8 

9 
10

 
12

 
15

 
B

ot
to

m
 W

id
th

 11
b11

 
(F

ee
t)

 
V

el
oc

ity
 "

V
" 

(F
ee

t 
pe

r 
S

ec
on

d)
 F

or
 "

n"
= 

0
.0

4
 

G
R

A
P

H
IC

 S
O

LU
TI

O
N

 O
F 

V
E

G
E

TA
TE

D
 C

H
A

N
N

E
L 

D
IM

E
N

S
IO

N
S

. (
Tr

ap
ez

oi
da

l 
C

ro
ss

 S
ec

tio
n 

w
ith

 4
:1

-3
:1

 S
id

e 
S

lo
pe

s)
 

B
y 

M
an

ni
ng

 
F

or
m

ul
a 

To
p 

W
id

th
=

 B
ot

to
m

 W
id

th
+

 7
D

e
p

th
 

C
H

A
R

T
 

4 



I 
Ji 

F\
:

l 
I'd

 
I 

l
"'

l 
I 

I 
1>

,I 
:1 

I'
-!

 
I 

l=
=i

s.::::
I 

1 
'1

,1
 

I 
f=

>4
/ 

/
//

;1
/

/
/,

1
//

/
I/

/I
/

/
Y
/b

',
V

J
/

I/
I/

1
1

1£
..J

IA
V

IA
/

V
A

 
11

1.
3 

· l 
I 

f\
 

I 
I '
\l 

I 
I 

I 
il'

'>.
J 

I 
I 

I 
r 

, 
, 

r 
, 

x 
I
I
 
r 

• 
r 

1 
, 

r 
1 

r 
, 

1 
1 

r 
n 

, 
,, 

, 
, 

A
 

, 
• 

P,
.,d

 
I 

I 
I 

f::
>,

~ 
I 

' 
1 

u 
I 

v 
1 

1 
' 

v 
' 

q
u

 'I
 ' 

'I
 1 

'¥
 

~ 
'V

 4
' I

 4
 r

 
¼

j£
 V

!-'.
11

 I 
I 

I 
I 

I 
12

 

I 
I 

I 
I. 

I 
J 

I
\
 I

 
I 

f 
V

 
I 

I 
be

 
:1

 
I 

I 
I 

I 
I 

:::
:,J

 
I 

I 
I 

I 
I 

::r
 l

 
I 

I 
I 

I 
I 

I 
I 

:1 
l 

I 
l 

11
 

I
T

 I
 

I 
I 

I 
A

 I
f 

l 
I 

/I
 
/I

 f
l

/ 
I' 

I 
I 

I 
I 

I 
I 

I 
I 

I 
t 

t 
15

 
-

15
 

2
0

 
2

5
-1

 
2 

3 
4 

5 
6 

7 
8 

9 
10

 
12

 
15

 
B

ot
to

m
 W

id
th

 "
b"

 (
F

ee
t) 

V
el

oc
ity

 "
v"

 (
Fe

et
 p

er
 S

ec
on

d)
 F

or
 "

n
"=

0
.0

4
 

G
R

A
P

H
IC

 S
O

LU
TI

O
N

 O
F 

V
E

G
E

TA
TE

D
 C

H
A

N
N

E
L 

D
IM

E
N

S
IO

N
S

. 
(T

ra
pe

zo
id

al
 C

ro
ss

 S
ec

tio
n 

w
ith

 4
:1

-2
:1

 S
id

e 
S

lo
pe

s)
 

B
y 

M
an

ni
ng

 F
or

m
•J

lo
 

To
p 

W
id

th
 =

 B
ot

to
m

 W
id

th
+

 6
0

e
p

th
 

C
H

A
R

T
 

5 



I 
:/

I 
I 

'
<i

 
I 

I·
'-'

>
k::

: 
I 

1:
:::

:,,
,-L

 
I 

I 
I 

I 
~

a.
.J

..
.:

 
I 

I 
I
/
 

/ 
/ 

/ 
;~

//
 

/
A

l
l
/
I
I
 

/
1

/ 
II

'/
 

If
 

/l
,
'/

/
I/

I/
[r

'I
~

 
1

/1
 V

l,
tn

'A
 

I 
I 

1.
3

 

11
 

! 
I 

I 
I 

I 
4"

"
<:.

...I
 

I 
I 

I 
I 

=t
-..

..J
.: 

I
/
/
/

/
/ 

I
/
I

I 
¥ 

I 
/V

/
/

1/
 /

1
//

Y
 A

,q
',

1
/1

 i
q 

t 
.V

Y.
V

:.)
1

1 
I 

I 
I 

I 
1.2

 

, 
, 

, 
, 

r::
:::,

,, 
, 

, 
, 

, 
, 

, 
, 

, 
, 

1 
, 

" 
1 

, 
a 

, 
1 

, 
, 

1 
, 

, 
, 

c 
, 

, 
a 

, 
, 

, 
, 

c 
, 

( 
I 

, 
" 

v 
, 

, 
, 

, 
, 

, 
, 

, 
, 

, 
, 

15
 

1:1
 

2:
1 

3
:1

 
4:

1 
5:

1 
6:

1 
7:

1 
8

:1
 

9:
1 

I 
2 

3 
4 

5 
6 

7 
8 

9 
10

 
12

 
15

 
S

id
e 

S
lo

pe
s 

V
el

oc
ity

 "v
" 

( F
ee

t 
pe

r 
S

ec
on

d)
 F

or
 "

n"
= 

0
.0

4
 

G
R

A
PH

IC
 S

O
LU

TI
O

N
 O

F 
V

E
G

E
TA

TE
D

 
C

H
A

N
N

E
L 

D
IM

E
N

S
IO

N
S

. (
Tr

ia
ng

ul
ar

 C
ro

ss
 S

ec
tio

n 
fo

r 
Va

rio
us

 S
id

e 
Sl

op
es

) 
B

y 
M

en
ni

ng
 F

or
m

ul
a 

T
op

 W
id

th
 =

 2
 D

ep
th

 (s
id

e 
sl

op
e 

ra
tio

) 

C
H

A
R

T
 

6 




