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INTRODUCTION 

Corred distribution and disposal of water on farm lands are the 
key to successful conservation farming. An earth channel for 
disposal of excess surface water is much more stable if it has 'a 
lining of vegetation (5).2 The roots of the vegetation bind the 
soil mass, and the plant cover protects the channel surface from 
the erosive' action of flowing water and hinders movement of soil 
particles from the channel bed. This protective action varies with 
kind of vegetation and with uniformity of cover. For any indi
vidual kind of vegetation it varies according to age and condition 
of the plants, whether the vegetation is cut short or left long, and 
season of the year. 

Wherever natural sodded drainageways are available on agri
cultural land, they should be used and should be carefully main
tained. They are the best type of channels for collecting and 
conveying surplus surface water. Where terrace systems are 
installed, new drainage channels must sometimes be made. New 
channels should be lined with vegetation, and whenever plant 
covers protecting drainageways .are seriously damaged, as they 
often are by weathc·£· factors, rodents, sediment deposits, or farm 
implements, they should be reestablished. A field engineer under
taking to establish a vegetation-lined channel needs to know the 
characteristics of different kinds of vegetation with reference to 
channel capacity and stability. 

This publication presents the results of a study made at an out
door hydraulic laboratory near Spartanburg, S. C., concerned 
principally with the effects of vegetal linings on the capacity and 
stability of small channels.!! The study dealt with plant species 
adapted primarily to the Southeastern and South Central States. 
Extensive experimentation was carried out with Bermuda grass 
(C1Jnodon d(wtylonj, common lespedeza (Lespedez(t striata), 
sericea lespede~;a (Lespedeza cuneata), and a mixture of orchard 
grass (Dactylis glome'rat(d, redtop (Agrostis alba), Italian rye
grass (Lolium mulUjlO?'1£1n) and common lespedeza. Tests were 
made also on centipede grass (E1'emochloa oph'i'uroides), Sudan 
grass (S01'ghu1n 'lJulg(wc sudwnense) , and Dallis grass (Paspal'U'm 
dilatat1.tm) and crabgrass (Digitaria sanguinalis). A channel 
lined with kudzu (Puem1i(t th~tnbergiana) was subjected to 
experiments pertaining to seasonal conditions and growth and to 
one designed to determine the effect of plowing in channel banks 
covered with kudzu in a dormant condition. 

Agronomic variables involved were growth, season, and channel
maintenance conditions. Slope of channel bed ranged from 1 to 
24 percent, but in most instances was either 3 or 6 percent. Two 
general types of channel were used, the trapezoidal and the rec
tangular. 

The protective capacity of each channel lining was measured by 
'" 

2 Italic numbers in parentheses refer to Literature Cited, p. 115. 

It• 

• 

n This study and its results have been the subject of several brief pre

liminhry reports (2, 3, 4, 9). Also see Ree, W. O. SDME EXPERIMENTS .oN 
SHALLOW FLOWS .oVER A GRASSED SLOPE. Nat!. Res. Council, Geophys. Union 
Trans. 1939: 653-656, ilIus. [Processed.] 

http:dilatat1.tm
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FLOW OF WATER IN CHANNELS 

determining the maximum mean velocity of flow to which the 
lining could be subjected for a reasonable length of time without 
ceasing to protect the channel from severe erosion. This velocity, 
sometimes called "safe," "allowable," or "noneroding," is referred 
to in this bulletin as "permissible." 

For vegetation-lined channels that are subjected to intermittent 
flows only, duration of flow has a bearing on permis3ible velocity. 
If the flows are of short duration, some surface scour can be 
permitted. Under those conditions surfaces from which small 
quantities of soil have been eroded usually heal over. Accordingly, 
velocities that may cause slight scour are classed in this bulletin as 
permissible. 

The results of the experiments demonstrate that the degree to 
which cha:\nel vegetation retards flow of water depends largely 
upon the degree to which the vegetation is bent and flattened by 
the flow, and that this depends mainly upon physical character
istics of the vegetation, its manner of growth, and the velocity 
and depth of the flow. 

Findings from the study have immediate practical value for 
application not only in the Southeastern and South Central States 
but also in other areas where the same or similar types of vegeta
tion may be used as channel linings. Data obtained have served 
as a basis for (1) establishing permissible velocities of inter
mittent flow and (2) developing a graphic method of determining 
a cross section that will permit a channel to carry the expected 
flow at a velocity not exceeding the permissible. The design 
graphs were constructesl specifically for long green, short green, 
and short dormant Bermuda grass and long green sericea 
lespedeza, and the channel-section curves apply to !~ither trape
zoidal, triangular, or parabolic channels. 

This publication presents a complete, detailed record of the 
studies conducted and the results obtained. 

EXPERIMENTAL CONDITIOXS AND PROCEDURE 
The outdoor hydraulic laboratory of the Soil Comiervation 

Service near Spartanburg, S. C., in the Piedmont plateau, which 
was used in making the study reported here, was located on a 
relatively steep hillside along a small stream. Slopes as steep as 
30 percent were available for experimental purposes. 

A masonry dam across the stream impounded the water supply. 
Water for the tests was drawn through an opening controlled by 
a hand-operated screw-hoist gate (fig. 1). Flows as great as 35 
cubic feet per second were obtainable. That 'rate of flow could be 
maintained for an hour with a draw-down of less than a foot. 
After passing through the gate opening the water flowed over a 
!'-iharp-crested weir into a 900-foot supply canal, of which the first 
300-foot portion was lined with masonry (fig. 1) and the remain
ing 600 feet with Bermuda grass sod. 

The general procedure was to construct test channels on the 
laboratory site, establi~h vegetal linings in the channels and 
maintain them, subject the channels to controlled flows of water 
from the supply canal. and mcaHU1'e the hydraulic elements. For 
compal'ath-c purpOHCS, thl'(~e channel=, were tested when they had 
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no veget[\.l linings. The water passed into the test channels 
through cut-off gates and side openings. Testing equipment 
included rate-measuring flumes, current meter, water-level re- • 
corders, point gages, and the necessary auxiliary devices. Ar:, the 
work progressed new techniques were developed and new equip
ment was designed, and these improvements were put to use. 

CONSTIIlJCTI;Ii(; A:'t:U PUEI'kRlNG CHANNELS 

The trapezoidal channels used in the study resembled those 
commonly used on agricultural land in the Southeast, except that 
they were somewhat smaller. It was necessary to make them 
small in order to obtain appreciable depths and velocities of flow 
with the maximum discharge available. They had bottom widths 
of 1 to 4 feet, side slopes of 1.5:1 down to 4 ~1, and depths of from 
1 to 2.5 feet. The r'ectangular channels had sheet-metal side walls 
(fig. 2). They were 2 feet wide, with the exception that those 
having a lining of Bermuda grass sod ranged in width from 1 to 
6 feet. The hydraulic behavior of channels of this smooth-sided 
type was found trJ be practically the same regardless of whether 
they were mUTOW o\.' very wide. In other words, this kind of 
channel construction in effect eliminated width as a variable. It 
also simplified the study of channel scour and the assignment of 
permissiblc velocities. Bed slope for the trapezoidal channels 
ranged from 1 to 24 percent, but in most cases was either 3 or 
6 percent, All the rcctangular channels were constructed with a • 
3-percent bed slope, 

In constructing the channels, most of the excavating was done 

by hand; occasionally a mule team and a slip scraper were used. 


• 

Ji'IGCltf: 1.-~[)am, headgntc, wciL', and l1HISol1l'y-lincd portiol1 of canal conveying 

walt'l' to ('x)ll'rinH'nlal channels, 



• 


• /.'((;\ '/(1,: :!. Typkal an lllll!:('f!ll'!,i ,.j' '-'H'l l!IlI'lItal dlHllIlPb ha "il1g' l'l'I'tallg'lIlaI' 
IT" :- ",.. ll,.\; «lid -1Il'H-lIll'lal ~idl' wall", 

I Juring ('Xt'lI\ at ion it ehalllll'l was iwld to tlll' dl'sin'd cl'()~S section 
IJY lI:-;p or a tl'l1lplall'. 

To ('linlil1:tI(· :'ldll~'lll' a~ a \'al'iallil'. tll\' sod to Ill' u:w(/ rol' lining' 
('hanIH'I;o; Was jll'lldlll'l'(1 ()I\ ('v('il sandy loam and tilt' test ehannel" 
thai WI'/'(' lIot III Ill' Sllddl'd \\'('1'(' lin('<\ with I to (j il1ell('s of thl' 
sal1lt' ;o;oil ('('('il sandy IlJam wa...; (,111\;,ddl'l'l'd mol'(' typield of till' 
;'>Ilib or th(, SIJlllhl'a;o;I('I'1I Statl's thall tlw inf'l'l'iol' ela\' round 011 

[hl' Slt'l'P slop!'s III' till' l:tillJl'atol'Y sill'. :\IOI'I'()\'PI', sin'('(· this soil 
I:' 1111)1'(· slliJj!'('t to ";('/1111' thall thl' ('Ia\' mall'rial. USl' of' it tl'IHIl'd 
III !'I'oil/II ill d!'l'iyutioll Ill' '·II/l.~l·l'\aih (' \';tlll(';o; rol' 1H'l'mis;o;iiJk' 
\ I' lot' it,\', 

\'p,!.:'('latiflll \\';[,.; l'slalllblll'd ill l'hHIlJl['J:.; Il.\' solid sodding. spl'ig
):Iio).!. s('l'l\ill.!f. Ill' oi('11 ill),!" flltl pl,tlll,.;, Tlw tll!'thod ('ho~(,11 \\'as 
('()l1ll1lllllly Ilw (llll' IISl'£! \\ itlt tit" saml' ]JllInt ,..;p<,dvs in (,,,talJlishing 
fal'llI draillaj!l'\\a~-,:, ~l)!tll·t il\1t,,,:. (II (I":";IIl'l' (',:tlliJli~hnl('l1t of a 
,..;Iallli. It'll' phil!!": \\1'1'1' Wal"l'~·d alld ,,11:ull·d. nlld :,ol1wtinll'S \\'(,pds 
\\1'1'(' I'I'l11lJ\ l'd (ll' I'!I!. 

• 
'1'1' II'\t; 

Thl' ditlll'll,,:jtlll'" alld \I·g'plal-linill,!.' ('r!Ilditi()n~ of till' slIppl:, 
! allal alld 1111' :::i !'hiillllt'!' !I-;,l! ill thl' t!',:to; aI'!' )l/'('~('Ilt('d ill \ald,' 
L 

\\'!tl'll a l'lwlIlll'II"'al'ill,tllhl' d,,,il'!·d ('{)Ilditillll it was ":lIbjl'dl'd 
I" a I1l1':I"I1'1'1\ 110" Ill' \\(llt'I' fill' a tit'finitl' pl'riocl, ll":lIall~' ,II) 

llliJllltf'':, TIH' til',) I"l\~ \\:\:' n,qalh a Illw IlIH', If a low til'"t lIo\\' 
(';tII,,:!'d til) d:!lllal't', a bl'~"'l' lI"w \\a", disl'hal'!!('d down til(' ChHlllll'1. 
Thi,.; J;I'!I('"d'lI'I,'\\a' l'[-p'-al,·1/ li/lf:!IJ!,. ('h:l 11'11 1'1 faill'!1 Ill' ulltil tlw 
l'al':H'il\' "I' thf' 1'):;t!I1:'" •• 1- II!, Iht, ~alHJj'atllI'Y \\Htl'l' s,\'..:tl'm \\'a~ 
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T,\ow 1.-Dimensions unci veuctul-lin'inu ccmciitiolil1 ol,expeI'i'llwlLtltl clw/t/tel~l 


-
Nominal channel 

dlmen~lon" Experl- Condition bfVegetation lind ment vl.!$.Cctutioncltllnllcl No. lied :Boltom Side number 

.Iope width ! ~'o))e 
 ., 

---..--.~---

l'f'f(:t,'lIt Fer! 
: 

lIermudll gruKK: 
2:1.7 1.5, 1 :1 1 Grecn. lonJ,C.1.11-1 .. .. ~ . 

2 Durmant, 101lg. 

111-2 • ,. ,. ... t 2fJ.0 1.5 1.5: 1 .. 1 Grecn. long. 


I 
~ { 2 Dormunt, long. 

20.0 1.5 4 :1 ... 1 nreen, short.1IIl-6 t ~ ,. •• " * 
1 nrt,!cn, lonl(.

IIHI 10,0 1.5 1.5:1 "' .'. 2 Dormant, long. 

111-5 .. .~ ,. ~ . 10.0 1.5
~ 

·1:1 ... 1 Grccn, long. 
2 Green, shurt.!! 

1 Green. lomf. 


112-7 ....... "' 


1 
:1.0 4.0 L5:l 2 Dormant, long. 

, 1 3 Durmunt4 l ..ong in 1".t : 
short in tests 2 to 10. 


112~8 , .. ~ ~ ., a.O I.S 1.5 :1 '" 1 Green, long.

~ 

2 Green. Long in test I. Khm'. l 
in teal. 2 tu 10. 


112-18 :Ill 
 l.r. ·1:1 1 Green, short.1 
f ••• tO 

1.0 Vcrtitlll 1 Dormant, 8hort.~

J 2.0 .•. dn 1 Do.
112-19 • , , .. ~ t :1.0 a.5 do .. t Do.t li.O 1d~L ,. Do. 

112·17 1.0 I.r. ·1:1 .. , 1 PIII'tilllly dormnnt, short.~ 


SUIlTlly ~';;';I'I .2 -1.0 4
l.u:1 Green, Khort.!! 
et,.'11 L.fpt!(h~ J.{ru","ii!. 


t Grct:n. lung.

BI·"I ., 10.11 1.5 I.u:l { 2 DornulIlt, long, 


Dalll. ~1'J1~H 1l11l1 

CI'uh,-,rnss: 1 


112,/1 G.O 2.0 :\:1 1 Grcen, kmJ.{. 

a,o ·1.0 l.:JH t Grccn~ 1()1l~, Hrsl ~wnson. 


2 Green. lonJ.t, t;c(~ol1tl scnMon. 

Dormllnt, mulch of "incH 111\ 


." .... 
f .... 3Kud1.u: B2-U .. leaves. 

.. 4 Grl'lHl, Cllt.1~. (~) la) 5 Dead vines (tesL II). 

Green (tests b, c, lind <II. 


r.l·tf,JH.I!lC1.l1: 

B2-2 ' .. ,., fi 2 :l:t I Oend, uncut. 

112-5 Il 2 I '1:1 t Green. uncut. 

B2-1111 a 
 2 VCI,tbd t Do. 

B2-1r.C :1 2 do 1 Deud, uncut. 

B2~Ir.B . !\ 2 " du t Grecn, uncut. 

B2-IIl,\ :\ 2 ... d" t Green. shorlol 


gt'rit~cn h!sJl(.lth.. ~u : 

B2-1 Ii ? a:1 I Ourmnnt, long. 

B2-,1 fi ~ a:1 I Green. medium long, wot)!I)". 

B2,·IOG :i ? Vel,til',,1 t Dormant, shQrt/' 

IlJ-1OB .. :1 2 d(1 1 Green. lUlU!, not yet WClody 


B2-1-lQ :\ 2 d/l 1 Dormnnt, long. 

112-HII :.1 ? do I Grccn, lonJ.{. 

112-1-1"- a 2 do 1 {;rccn, shorL.l 


Sudnn grMH:

liz-a G 2 a:1 I Dcuel. long. 


C1ru!S.M mixture: f 

112-12(: '\' 2 V('rthd 1 Grc~n and dormanl. :dtcll'L 


" 

112~\2B > •••• 
;d ? ilo I Green nnd dormnnl. Inng. 


IIZ-16C ... ~ ~ " :I 2 ,h I Green anti durmant. Hhcwt. 

112-1 fill ....... a I 2 do I Grct!ll. I()n~• 

112-16'\ :j ~ 2 do 1 Gl'cen and dormunt, shorl. 


No v,o;;,ctnti(u;:- ~. t 


1l2,·a ,., n 2 :I :1 I 

II!!-J:{C a 2 Vcrti·"ul I 

112.lan a e10 1
.. 

- t 

I Cu~ ~hortly h~I'!lr<' I,·.t. 

~ Kcrl ,·ut. 

!I (,hllnll'ed by J)lowln",. 

I Cut t(l B·rnch hdll'ht 2 mlll.th. Iwf"re test. 
 • 
~ Cut prevlQII" Cnll. 

http:r.l�tf,JH.I!lC1.l1
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• reached. In some tests the progression was from high to low 
flows . 

As the surface of the pond lowered during a test, the headgate 
opening was continuously adjusted in order to maintain a steady 

• 


flow in the channel for a definite period. Wherever possible, 1:1. 

diversion arrangement near the channel entrance was used. The 
flow would be bypassed at the head of the channel until discharge 
became steady, then admitted into the channel. At the end of the 
test period the flow would be turned out abruptly. Where it 
was impossible to arrange a diversion system, an eft'ort was made 
to fill the conveying canal and forehays with water to satisfy 
~torage requirements before opening the gate to the test channel. 
By this method of operation the flow could be kept practically 
constant during the test, 

MUSURE;\IENTS AND OnSEIIVATJONS 
mSCH:\ IIG E 

In the earlier experiments, discharge was measured by use of a 
sharp-crested weir, which had :luppressed end contractions. Thcl 
weir was rated by making head measurements simultaneously on 
it and a previously calibrated rate-measuring flume, During a 
test the weir head was measured with a point gage and a water
level recorder. Because of the distance between the test channels 
and the weir, it was necessary to correct the discharge measure
ment made at the weir for leakage in the canal conveying the 
water to the channels. The leakage rates were determined by 
closing off the conveying canal, the volume of which was known, 

filling it with water, and de
termining the rate at which its 
water surface dropped. 

This method of determining 
discharge was not very satis
factory. Whereas the leakage 
correction was determined for 
a level water surface, during an 
experiment the water surface 
had considerable slope. In ad
dition, the storage effect of the 
conveying system on the dis
charge ,,;as hard to eliminate. 
These difficulties were over
come, wherever possible, by 
making the measurements near 
the test channel, sometimes 
with a 2-foot modified Parshall 
flume and sometimes with an 
H-flume (fig. 3), which was 
available in the I-foot, 2-foot, 

I~Wl'IUJ a.-'J'wo-footH-l'alc-mcasur and 3-foot sizes. All the flumes
ing flumc having auxiliary gage fOI' had been calibrated in advancexCl'oing, point gage for mcasul'ing 
heaci, lind 1'('('ol'lIing' j.:'aj.:'e fOl' rceol'!!- and were moved about and in

inj.:' drJplh of lIow. stalled where needed. 
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In all but a .few tcsts, ol1ly the inflow to a channel \vaS memlurcd. 
Where the test flows were so low that thee infiltration loss might 
become a relatively high percentage of the discharge, the flows 
were measured also at the outlet end, sometimes volumetrically 
and sometimes with a I-foot H-flume. 

CROSS SECTION, WE1'TElI I·EIII~IETEII., ANn SLOI'E 
Several methods were used to obtain data for determining the 

cross-sectional area, wetted perimeter, and slope of a test reach. 
F'or the earlier tests strings were stretched across each channel, 
10 feet apart, between previously leveled stakes on the two sides. 
The horizontal coordinates of the channel CI'OSS section were 
mal'ked by tying tufts 01' stt"ing, usually 0.5 foot apart, to the 
strings across the channel. 'I'hc vertical coordinates were 
dctermined by measuring down from these strings with a gradu
ated metal rod. FOI' the first tests the distance between strings 
was measured hOI'izontally ; later, it was measured along the slope. 
:Measuring along the slope was fOi.l'IH' to be more convenient both 
for laying out distance and fOl' analyzing- the data. For slopes 
up to 10 percent the dift'erence betwe~1I1 measurement on the slope 
and horizontal mea!iurement il,; practically negligible, The gradu
ated rod was held in a vertical position except in measuring 
channels of 10-percent 01' steeper slope, when it was held normal 
to the channel grade. A small level was affixed to the rod to serve 
as a guide to holding it correctly. Readings of the vertical 
coof' rdi lll,ltteS lwtere tatkhen ttC). the ne,Hreslt 0.Ot1, fO,ot. This method is 
re Cl'l'e( 0 a cr as c s l'lng-anc -I'OC me 1OC. 

'fo obtain bctter measul'ements, a marc precise cross-sectioning 
method was developed. Instead of a string a structural-steel 
Hngle, usually a 3- y 3- ",' tlt.-inch section, was placed across the 
channel (fig. 4). An adjustable truss was provided to prevent 
sagging. The ends of the angle rested on carefully leveled sup
ports. Later.in the study, screw-adjustable supports were substi 
tuted. The upstanding leg of the an~r\e accommodated a rider 
holding a standard point gage. 'I'he angle was so mounted that 
when the dder was clamped to it the point gage was normal to the 
channel bottom. A scale was placed on the lower leg of the angle 
to mat'k the horizontal coordinates of the cross section. The 
\'ertical coordinatrs werc read with the point gage, Where the 
nahu'e of the surface made it practical to do so, the ordinates were 
measured to 0.001 foot. The ('I('vation of a channel's bottom 
i:iurface was measured by usc of a blunt point one-quarter inch in 
diametel', and that of the water surface by use of a sharp point, 
Tn ontel' that all elevation mt'a:ml'ements on a channel might be 
referenced to the same datum a stake was plnced outside the 
channel at each of the stations where measurements were to be 
made. so located that a point-gage reading could be obtained on 
it. The stakes were carefully leveled with l'espect to each other, 
and a nail was set in each to mark the elevation of the point from 
which measurements wer(' made, This method is referred to 
latcl' as the point-gag-e method. 

In all experiments, channel-bottom measurements were made 
before and aftel' each t('st flo\\' and water-surface measurements 
during each flow, '1'he methodR l1nc1 equipment uRed in making 
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• I"/(;I It(·;·J. 1':ql1il'IlH'I,t lI~l'd ill 1'1'","'';Pl,ti''ll J)lCU:<lil'l'l1ll'nb, A Hellll' rlampcCl 
to tIlt' horizolltal I'm'\, til' till' IIIUdl' j, lI::-l'd [0 1(){,Htl tIll' ptl~ltioll for I1Wa>lUI'l' 

11It'1I(", 

[11(':'(' nlPa:-;ul'PI11PI11:-;\\'(,!'t, <.:hHI1g'pd and impl'O\'('d as thl' work 
jll'OI.O'P:-;:-;pci. l'ni'tieulal'l,\', tlw llumiJPI' and ol'(ll~l' of watel'-sllrface 
nH'llsul'pnll'nl:-; \\'('1'(' chang'p(i. Tlw nllmlJ('I' of :-;tations whel'e cross 
St'<.:tiOlls W('I'(' lal\('11 ill a <.:l1alll1l'1 \'al'ipd from three to six, 

• 

During' ('H<.:1l lp:,t in 1 Ill' party l'Xpl'l'in1t'tlts one o!>scl'\'el' made 
wa(('I'-:·Hll'l'a!.'(' I1ll'a:-;ul'l'nwnl:-; at all station:,;, beginning at the 
:-;1:11 ion fa 1't111':'1 IIp:-;tn':tm and Pl'o!.'l'pding' downstream. making' 
ol1l,\' Olll' lra\'('I'S(' nt (':tl'1l :-.taiion, B('call:-;p of tlw tl'ngth of time 
l'l'quil'('<1 /'1)1' making' t11l':'(, nll'Hslll'l'm('nls, t1H' la:-;t: was made 40 to 
;j() millllips lalp!, I han tlw t;I':'t. If' l'onsidel'abl(, (,I'osion hael 
()l'('ul'l'('d it \\'a:-; ditlil'ult ttl l'0Il111ll!t' till' I'vlath'e watt'I'-:ml'facp 
('h'ration:; (rill' slopl' d('(('I'millal illl!) and till' (']'o:,s-sl'ctional HI'PHS, 
'I'll!' pr!Jt'pdlll'" was iI1lPI'O\'('d IJ~' pl'odding' fot' simultanpous 
llil'HSIII'('J)l P l1ts al all .--Ialjllll";. A \\'atl'l'-slIl'fal'(' tnl\'Pl's(' was 
mad!' at ('lIl'h or t I11'l'(' sial i(Jlls as :-IIOJ1 af'tl'1' t1H' watl'l' was tUJ'lH'd 
illio I Ill' l'1l;ulIwlllS stl'ad,\' till\\" 1'I'l'\ailvcl, and again ju:-;t hdol'(! t1w 
flow \\'a,.; shIlt IlII' With (hi:, Jll'lll'pdlTl'p tilt' l:olTt'dions to till' CI'OSS
,.;p('tillllal an'lIS, Ill'('I':;silalHI !J\' (Je('UI'I'I'Il(',' "I' PI'osiOI1 l)('fol'C' till' 
til'si alld aftl'1' t Iw last \\'ult'l'-";lll'l'ac(' n1l'aSlll'l'nwnt of' a tpst. \\'{'l'(' 
ht'ld (n a minimum, ,uHI no l'IlITI,(,tiol1 or lIw watl'l'-sul't'ac(! slop(' 
was 1'('1/11 h'I'lL 

,\llolh"I' l'hall.!!'p ill pl'{Jl'l'dlll'l' \\"as mad(' tf) I'('du('(' ('1'1'01'':; intl'o
dlll'l'ci lIS tlt(']Il'J'slIllall·]Pllll'lll. {'''lIally th(, wall, I' sUl'fa('('in tl1l' 
('bUIlIH,I ... \\n.-: l'ip\ll~' Ill' \\a\'\', alld tIll' Il\)S!']'\'('1' would atll'l1lpt to 
1'",1 illlah' it ... :1\ f'l'a,..,' tll,·it illll. ...\11 iudi, idllHI o\)s('I'\'PI' would 
lIslwlly 1'!'<Id ,'fJll-d,,;\,'lIl!v Id).r11 Ill' jl/\\", To I'('tille(' tll(' l'l'suHil1!,!' 
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errol' a third water-surface measurement was made at each sta
tion during the test, With three measurements being made at 
each of three stations, it was possible to rotate the observers so • 
that eaeh man made one measurement at each station, When the 
results were averaged, elTors due to differenr,es in observers would 
to some extent ba,lance out, 

VEGETATION 

To identify Hnd describe the vegetation in each channel, careful 
stand counts were made at locations where, to the eye, channel 
lining eonditions seemed to be typical. A number of 6-inch 
sqllares were laid out on the channel surface, the plants or sterns 
of each kind of vegetation within these squares were counted, their 
length WfiS measured, and the covet' was classified as green, dor
mant, ot' dead, The slowness and laboriousness of counting the 
vegetation l1!Htally made it impractical to count more than six 
square's in each channel. 

O'l'l/EU ."EA'WUE'I.;NTS I\~J) OIlSEIIVATIONS 

Other factors noted were temperature of the water and flow 
chamcteristics such as waves, a()ration, and uniformity, 

Aftel' each test the channel bottom was carefully inspected, To 
supplement the ::;cour-rate figures, obtained at selected stations 
only, notes wel'e made on the condition of the vegetation and the 
soil surface, and the depth nnd extent of any eroded areas were 
(,Htimatcd, 

,\lETIlODS OF CO\lPt'T·\TION AND ESTDfATE 
IIYII\I;\ 1ll.lG CO;\II'UT.\TIONS 

The capacity of an open channel it; usually estimated by one of 
seveml empirical formulas. of which the two most commonly used 
in the United States are :Ylanning's and Kutter's, In each of these 
a retal'Clance coefIici0nt, U, represents the effect of all factors tend
ing to )'etard flow of watc!' in the channel. Other factors are 
symbolized in these formulas as follows: 

i\ A I'ea of wutel' cross section in squurc fcet, 
{' - Wettedpcl'imctel' in fect. 
e} [)i~ch~lI'g"e in cubic fcet pCI' ~ccond, 

a :::: !.;\.,. I/vrll'uulic J'adius ill fcet. 
/' 

.'lor _.. ~:i1()pe of water sUI'face in feet pel' foot, 

S, Hydmulic g"l'lldient 01' ~Jope of spccific enel'g"Y line in .feeL pel' foot, 

1/,,, (,ocflieient or l'clul'dunce in ;\fannillg"S formula, 

II. ('ocflki(\llt of I'etal'danl'(' in Kuttcl"s f01'l11l1lu, 

The l\Ianning formula is: 

JI'I' 

The Kutter formula is: 

• '" .''. --O,002R t ,\.811.1t) -- ] •.11 C
S, 

-r-
lit 

Q :;:. it [. 
1 I- -..!.!.~ (.11,(;5 '1' ..2.:!!(!~)

'/It Se 
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In the study reported in this publication the slope term O,O~~81

• was omitted from the Kutter formula in calculating n" values . 
For channels of such slopes as those used in this study the omission 
of this term has negligible effect, 

In using the Manning or the Kutter formula in the field to 
determine the capacity of a vegetation-lined channel all items 
except the retardance coefficient nil! or n" can be determined from 
the dimensions of the channel. The retardance coefficIent, which 
,'epresents chiefly the retarding effect of the channel lining, is 
estimated by comparing the appearance of the lining with those of 
other linings for which 1~1II or n,,; has been determined by experi
ment, The coefficient represents also the effects of all the other 
l'etarding factors in the channel, which include any irregularities 
in cross section, slope, and alinement of channel and in channel 
surface, any other flow obstructions, and any blocking out by 
vegetation of part of the channel's cross section, It has been 
found that l'etardance coefficients for vegetation-lined channels 
vary with shape of channel cross section, slope of bed, and depth 
of flow, 

• .02 ,04 .06 .08 .10 
MANNING'S n 


1~(('Wn~; 5.--Hl'lation hl'l\\'('cn KUltces 11. and i\innlling-'s 11. 
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rrllC ,Manning and Kutter retal'dance coeflicients are equal only 
lor a hydraulic radius of 1 meter (3.28 feet). They differ most 
for shallow flows in rough channels. Figure 5 illustrates their 
relation. 

In this study the values of Manning's and Kutter's retardance 
coefficients were computed for individual lO-foot portions of test 
channels, referred to here as "reaches." In almost everyone or 
the test channels, measurements and computations were made for 
two 01' more reaches, which were consecutive. The 11, values com
puted for different reaches of a given channel were averaged. 

To compute mean velocity (1), discharge was divided by the 
average of the end cross-sectional areas, including the portions 
occupied by vegetation, of each test reach. The discharge, as 
previously explained, was determined by making a head measure
ment of the flow with a weir 01' a previously calibrated rate
measuring device and, if necessary, correcting the measurement 
for leakage or storage effects. 

The cross-sectional areas and wetted perimeter were determined 
either graphically or by a computation method. The average area 
and average wetted perimeter for a reach were computed for each 
set of measurements by averaging the values for the stations at 
the ends of the reach. For trapezoidal channels the hydraulic 
radius (R) for a reach was computed as the quotient of average 
area of cross section in square feet (A) and average wetted peri
meter in feet (P). For rectangular channels with sheet-metal 
flide walls the depth was used as the hydraulic radius, when it had 
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tlow for rectangular Bermuda gl'a~s-lined channel having sheet-metal side 

walls. Data from experiment 1 with channel B2-1!l. 
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FLOW OF WATER IN CI1ANNELS 

been determined (by experiment 1 with channel B2-19, described 
herein) that the side walls had negligible retarding effect. Excel
lent agreement of Ma.nning's n with depth was obtained for 
rectangular channels of various widths when depth was used as 
the hydraulic radius (fig. 6). 

In cas~s of nonuniform flow it is necessary to determine the 
slope of the energy line, S., instead of using the channel-bed or 
water-surface slope. To compute Se for every test flow, the water
surface slope, computed by dividing the drop in elevation by the 
slope distance, was corrected for changes in velocity by use of the 
formula

in which 
Sm == Slope of water surface. 
V -= Mean velocity in reach. 
Vt = Melll1 velocity lit beginning of reach. 
V:.! = Mean velocity ab end of reach. 
U = Acceleration of gravity (32.14).
l = Slope length of reach. 

The values of the retardance coefficient':! were computed for 
each reach by substituting in the Manning and Kutter formulas 
the values of Q, A, R, and Se that were determined by measurement 
or computation. Values computed for individual reaches of the 
same channel were then averaged. 

SCOUR COMPUTATIONS 
The effect of each test flow on the channel was determined by 

computing, for each of several stations, the difference in crOS8
sectional area of the channel as measured before and after the 
flow. Because scour was the expected result, scour values were 
recorded as positive and deposition values as negative quantities. 

Average depth of scour or deposition was computed by dividing 
the cross-sectional area of scour or deposition by the wetted peri
meter. Aver.age rates of change in channel depth resulting from 
scour or deposition were computed, in inches per hour. 

ESTi~IATING PEIli\1I8smu: VELOCITIES 
To estimate permissible velocity of flow for a given lining, a 

study was made of the change in the channel surface as revealed 
by the cross sections taken before and after each test, by supple
mentary observations recorded in notes and sketches, and by 
photographs. Evidences of scour were considered with reference 
to the mean velocities that had existed in the channel during the 
t~sts, and scour rates were plotted against velocities. 

RETARDANCE OF FLOW 
INFLUENCE OF A VEGETAL LINING 

Water flowing at slight depths through vegetation encounters 
resistance from stalks, stems, and foliage. Often a large propor
tion of the cross-sectional area of a channel is actually blocked out 
by vegetation. The presence of numerous obstructions in the 
path of the flow may result in considerable turbulence. Under 
these conditions, flow of water is greatly retarded. 

As depth of flow increaseR, the force exerted by the flowing 
water causes the vegetation to bend. The vegetation is bent over 
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MANNING's AETAADANCE .COEFFICIENT • ..o 
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FIGURE 7.-Hydraulic behavior of vegetation-lined channels, having a bed 
!Jlope of 3 percent, subjected to low and then to high flows. A, Bermuda grass 
channel B2-7. Bottom width 4 feet; side slope 1.5:1; good covel', 8 inches long 
at time of first experiment (in August) and 12 inches long at time of second 
(in March). B, Sericea lespedeza channel B2-14C. Bottom width 2 feet; 
vertical metal walls; good covel', 17 inches long and dormant at time of • 
experiment (in March) ; channel bottom covered with leaf mulch. C, Sericea 
lespedeza channel B2-10B. Bottom width 2 feet; vertical metal walls; good 

covel', 22 inches long and green at time of experiment (in June). 
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• 
towa.rd the bed of the channel when the bending moment, which 
is a function of depth and velocity of flow, becomes greater than 
the resi.',ting moment. With highly flexible vegetation such as 
Bermuda grass, bending occurs rapidly. When a portion of the 
cross section of the channel is freed of vegetal obstructions by 

• 


bending of the vegetation, resistance to flow is greatly lessened 
with the result that retardance decreases sharply (fig. 7). 

Often a high retardance coefficient holds practically constant 
through a considerable range of depths before a stage is reached 
at whkh the flowing water exerts sufficient force to bend the 
vegetatIOn. This is illustrated by the graph for the Bermuda 
grass channel in figure 7. 

The presence of dead, loose plant material in the channel bed 
may give an odd shape to the first part of the resistance-depth 
curve. This is illustrated by the results, shown in figure 7, of an 
experiment on a channel (B2-14C) lined with sericea lespedeza 
in dormant condition. The lining consisted of almost bare stems 
and a blanket of dead leaves covering the soil surface. The initial 
retardance coefficient was very high (n", greater than 0.40). 
After decreasing sharply for the second flow the resistance 
remained practically constant for a range of depth, then again 
decreased, but at a much slower rate than for Bermuda grass. 
The shape of the resistance-depth curve was influenced by the 
presence of the bed mulch, the rate at which the mulch was 
removed, and the stiffness of the dead, bare stems. 

A good stand of tall green lespedeza sericea produced another 
type of resistance-depth relation, shown by the graph for channel 
B2-10B in figure 7. The sericea plants, averaging 22 inches in 
height, were flexihle, not having attained a woody condition. Dur
ing the first test the vegetation remained entirely erect. In the 
second test, when depth of flow was greater, the retardance 
coefficient was higher. As submergence increased further the 
resistance decreased, at a much slower rate than for either Ber
muda grass or dormant sericea. The same phenomenon was noted 
by C. E. Ramser in his study of resistance to flow in drainage 
channels (8). 

The structure of sericea lespedeza offers an explanation of its 
performance. Short stems and leaves did not occur in abundance 
on the stalks for a distance of about 0.15 foot above the ground 
line; water flow to this depth was obstructed only by almost bare 
stems. With an increase in the depth of water a greater portion 
of the cross-sectional area of the flow was filled with foliage. 
Unlike Bermuda grass, green sericea lespedeza offers considerable 
resistance to bending and does not readily become flattened when 
submerged. Even though the submerged plants are bent severely, 
large portions of them remain within the flow area, waving back 
and forth. It is because of this and of their mass of foliage that 
the plants have a marked retarding influence on deep flows. 

rXFLUENCE OF BED SLOPE 

For flows of sutHcient depth to bend over and submerge the 
channel vegetation, greater velocity due to greater slope of 
channel bed results in lower resistance to fiow, apparently becau::e 
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it results in greater flattening of the vegetation. The correlation 
of lesser retardance coefficients with steeper slopes is illustrated 
in figure 8. It is more pronounced where flows are shallow, and 
tends to become insignificant where flows are deep. 

The variation of retardl1nce with kind of veb'etation is due 
largely to differences in structure, number, and distribution of 
plants. The taller the plants, the more widely are n values for 
different kinds of vegetation likely to dif.fer. For short plants 
It values tend not to vary significantly unless flow is very shallow. 
This is indicated by the fact that in figure 9 the plotted values 
for cut Bermuda grass, cut sericea lespedeza (both green and 
dormant), and cut common lespedeza are all included within a 
relatively narrow bancl. 

Except for the common lespedeza channels B2-11B and B2-15A, 
the n values for shoct and medium-tall vegetation appear to reach 
a nearly constan t value, as depth of flow increases, of about 
0.035. Channel 82-11B had a thin stand that offered very little 
l'esi!:;tance, and channel B2-15A had only short bare stems. 
Sericea lespec1eza channel B2-10C also had only short stems when 
tested, yet its It values wel'e significantly higher than those of 
ehannel B2-15A. Perhaps the difference resulted from a dif
fel'ence in scour ancl increased roughness of the bed, which were 
appreciable with sericea and insignificant with common lespedeza. 

The effect of density of cover is illustrated by the graphs in 
figure 9 for channels lined with common lespedeza. Channel 
82-15B had a vel'Y good stand with an average height of 4'l~ 
in.::hes and an average density of 290 plants per square foot . 
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channels (Bl-2, B L-:J, and D2-S) lined with long green Bermuda gnlSs, hu\"
ing bed slope::; of' :W, lO, and ;l percent, respectively, and having a bottom 

width of .1.5 Jcet and a side slope oJ 1.5: 1. 
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j,'LOW OJ,' WATER IN CHANNELS 

Channel B2-11B had a sparse stand of about the same height, 
averaging only 17 plants per square foot. For a depth of 0.4 foot 
the thick cover offered twice as much resistance to flow. 

INFLUENCE OF TYPE AND CO~D1TION OF VEGETATION 

Data presented in figure 9, representing channels identical in 
cross-sectional shape and bed slope, indicate variation of retar
dance with type and condition of vegetal lining. Extremely wide 
variation of n value:; is shown to occur not only according to 
species of vegetation but according to seasonal condition, height, 
and density of stand of an individual species. 

Retardance varies with season because season uffects physical 
features of vegetation sllch as stiffness of stem alld quantity and 
condition of foliage. Vegetation's resistance to bending, the cross
sectional area it occupies, and its behavior when bent over and 
submerged change as these factors change. Seasonal variation, 
particulal'iy of foliage efl'ect, is illustrated by the graphs in figure 
~J for channels lined with long sericea lespedeza. For channel B2
14C, tested when the sericea was dormant and its stems were bare 
of foliage, the retardance coefficient is appreciably lower, at flows 
of 0.45 foot and more, than for channel B2-J OB, tested when the 
sericea was green and retained its foliage. 

En'[CT OF CIJTTlNG VEGETATION 

If vegetation is cut short instead of being left to grow rank, 
Gbviously it occupies less space, presents less vegetal surface, and 
offers less resistance to flow. Long plants, stems, and leaves tend 
to vibrate and whip more in the flow and thus to introduce and 
maintain considerable turbulence. The longer the stem, the 
g-reater this tendency. Sericea lespedeza channels B2-10 and 
R2-14, tested with both long and short growth, demonstrate this 
contrast in retardance (fig. 9). The effect of cutting is particu
larly marked in the case of sericea lespedeza because of the stiff
ness of the plant. 

The reduction in flow retardance associated with the mowing of 
a vegetal lining- is illustrated in figure 10. Two channels with the 
same bed slope and with Bermuda grass linings nearly identical 
in density and length were tested first when the vegetation was 
long and then when it had been cut to a length of 4 inches, For 
a hydraulic radius of 0.4 foot the channel capacities, as reflected 
by the n values, were increased 52 and 92 percent, respectively, 
by the cutting. 

T;"FLIfENCI~ OF SI"'I'E OF CHANNEL 
In view of the general behavior of \'egetation when subjected 

to water flow, it is reasonable to expect \'al'iation in flow retardance 
with variation in cross-sectional shape of channel. In a triangu
lar-shaped channel a larg-er proportion of the channel cross section 
or of the vegetation is affected by a flow of small volume than in 
a trapezoid~t1 channel. Other factors being equal, the lesser mean 
depth of a triangular channel as compared with a trapezoidal 
channel results in 11 higher 1/ value. 

The difference in flow rl'tardance between channel::; B2-7 and 
n2-8, shown in fig-ure 10, for test 1, in which their hydraulic radii 
were approximately equal, might be attributed to channel shape, 
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FIGURE 9.-Variation of retal'dance coefficient with kind and condition of 
vegetation and with d'!jlth of flow, .for channels having a bed slope of 3 pet'
cent subjected to low and then to high, t~ows: (I, ShOl:t dormant Bermuda graS::l, • 
good stand kept cut, 21h inches tall when tested (channel B2-19-2, test in 
Decemhel') ; b, long green sericea lespedeza, good stand 22 inches tall, not yet 
woody (channel B2-IOB, test in ;June); c, long dormant sericea lespedeza, 
good stand 17 inches tall, stems hare, hed covered with leaves (channel B2
14C, test in Mllrch); d, short green sel'icea lespedeza, good stllnd cut to 2 
inches jllst before test (chllnnel B2-14A, test in October); c, short dormant 
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1,'IGURE 10,-Effect of cutting of a Bermuda grass lining on l'etardance 
coellicient, Data from expel'iment 3 on channel B2-7 and experiment 2 on 
channel .82-8, conduded in October and Novembel·. Bed slope 3 percent, side 
slope 1.5:1; bottom width 4 feet fOl' channel B2-7, 1.5 feet fol' channel B2-8. 
Density of vegetation similar fOI' the two channels. At time of test 1, height 
of gl'ass 11 and 12 inches fOI: the two channels, respectively; grass then cut 

to 4 inches. Submergence was complete. 

The side slopes of the two channels were similar, but bed width 
was 4 feet for B2-7 and 1.5 feet for B2-S. 

TNf-'Lm:NCE Of-' ORUER OF TEST .FLOWS 

If the usual practice in these tests had been reversed and the 
high flows had preceded the low flows instead of following them, 
somewhat different values of n would have been obtained. A 
moderate flow over vegetation well flattened by a preceding high 
flow generally encounters less resistance than if it coursed through 
upright vegetation, particularly if the vegetation is of a flexible, 
sod-forming plant such as Bermuda grass, Sericea lespedeza, 
however. may offer greater resistance to shallow flows if it has 
already been subjected to high flows. Because sericea is stiff and 
tends to l'esist flattening, low first flows through a channel lined 
with it are resisted chiefly by upright stems with little foliage, 
rf the sericea has been compressed toward the bed by a high flow, 

• 
sericea lespedeza, good stand, cut previous fall, stiff stalks 1 inch tall (channel 
B2..:100, test in ApI:il) ; f. gl'een and dormant grass mixture cut previous fall, 
4 inches tall (channel B2-1(;0, test in March) ; g, uncut green and dormant 
grliss mixture, good stand 4 to 7 inches tall (channel B2-16B, test in June) ; 
h. uncut green common lespedeza, very good stand 4th inches tall (channel 
B2-15B, te!it in .June); i. uncut green common lespedeza, thin stand 4 inches 
tall (channel B2-11B, test in June); j, short green common lespedeza, good 
stand, cut to 2 inches of bare stems (channel B2-15A, test in October) ; k, no 

vegetation (channels B2-138 and B2-13C). 

http:VCMAN.rL
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a subl;equcnt low flow encounters resistance not merely from ~lcnu; 
but also from a mass of foliage. 

Channel B2-3, lined with Sudan gra:;s, was te8ted in November, • 
when the cover consisted of dead stems 2 to 4 feet long, first with 
high and then. with low flows. For the first flow the hydraulic 
radius was 0.42 foot and the mean velocity 4.83. feet pel' second. 
The vegetation became l:iubmerged during the first test and re
mained submerged tor succeeding lower flows. The data (fig. 11) 
indicate but slight increase in n with decrease in volume of flow. 
It is probable that the retardance coefficients for tests 4 and S 
would have been appreciably hig~1er had these tests been con
duded first. They would not have been higher, howeve.', if 
velocity and depth wC"e sufficient to bend and submerge the 
\'egetation. 

Figure 11 iilustt~ates another influence of order of test flows. 
'Pest 3a was a "cneat of test 3 conducted on channel Bl-6 after 
the regular series' of tests with low to high flows was completed. 

1-------' .._--+---1 

I 
o- 02 

A 
0 J 

0 .1 ,2 .3 ,4 .!) ,2 ,3 ,4 .5 
I'IYORAULIC I'I1\0IU5. R ( FEET) 

Vlct'm: ll.-Elfcct of ordc)' of tcstl; ol1l'cJatiol1 of hydl'lLulic radius (depth of 

flow) and l'ctardal\CC coeUicicllt. Numbc.'s indicate order of tc~ls, (Test 3a 

followed tel'lL 8.) A, Channel BI-G, lined with short g,'cen Bel'llluda grass, 

Bed slope !:!O percent, bottom width 1.5 feet, side slope 4: 1. n, Channel B2-a. 

lincd with long <lend Sudan gl'lISS. Bcd :;Jopc Ii percent, bottom width 2 fcct, 


side slopc 3:1. 


The 1/, yaluc obtninedin this duplicate test was Rignificantly higher 
than that obtained for the same hydnu\lic mdius in the initial 
lest. 'rhis resulted from actual roughening of the channel bottom • 
by intcn'cning flows. If the high flows hnd been run first, still 
higher retardance coefllcients might have been obtained for the 
hmallcr hydraulic raelii because of this increase in bottom rough
ness. 
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vn AS AN INDEX OF H.ETAHI)A~CE 

• At the present time the product of mean velocity and hydraulic 
radius, VR, suggests itself as a suitable criterion for estimating 
n, the retardance coefficient, for channels lined with vegetation. 
,!'he resistance to flow is a function of the degree of flattening of 
the vegetation, which is influenced by velocity and depth of flow. 
The product of veiocity, which is affected by channel slope, and 
hydraulic radius, which is determined by channel shape and depth, 
constitutes a criterion that is relatively easy to apply. 

Availability of data for Bermuda gl'ass,lined channels varying 
widely in slope and cross-sectional sha'pe has maJe possible a study 
of the variation and limitations in the usefulness of VR 3S an 
index of retar.:lance. Figure 12 illustrates the nm-VR relation for 
tive channeb lined with short green Bermuda grass that had bed 
slopes of from 0.2 to 20 percent, bed widths of 1.5 and 4 feet, and 
side slopes of 1.5:1 and 4.:1; three channels Iined with short 
dormant Bermuda grass that had bed slopes of 3 and 1 percent, 
bed widths of 1.5. to 4 feet, and side slopes of 1:1 to 4:1; and six 
channels lined with long b'Teen Bermuda grass that had bed slopes 
of 3 to 24 percent, bed widths of 1.5 and 4 feet, and side slopes of 
1:1 to 4 :1. Dimensions and data on vegetal covers for these 
channels are presented in table 2. 

TARLE 2.-Dilllcnniolls (Old ivcf/c/al-lillinf/ condition.~ of c/tanncls from which 
thc riatn "Ipn'st'nted bJl th(' 1/,,,-VR c/O'vell ill /if/w'e 121('(')'1.' obtained 

CII"NN~;LS LINED WITH SHOrtT GREEN BERMUDA GRASS (~·IG. 12, A) 

-_..... ···f Nominal dimen;i~n-"-r" VeKctal.lininK conditions 

Chllnnel Experl- -.iled"-'IlIo.ttom. Sid" Mow- Heh:ht Stems per 
mcnt slope width ~ slope iUIo:' square ct. 

Pacent -I-'crt-	 1l1c/l,s SlImarr 
III er. I 2Q,O ' 1.51' ·':1 I :1.5 20B 

III-Ii 2/ 10.0 1.5 .I:! 2 2 4S0 

112·"1~ I :1.0 1.5,"1 :1 I :120 
112, II 2 3.0 1.5 ! l.a: I 1 220 
SUllrly "11/1111 	 .2 ! 4.0 , 1.6: 1 I 169----..-~.-.-----'-----'---

CIIANN~;LS LIN~:D. WITII SnORT DOlt~IANT I!~~IDIUD,\ GRASS !FIG. 12, 111 

~ I ~:~ I Hr~':'+i~N I ~ li·fir~·· m 
-------_.... ~--."..". ,..-~--..-.......:.-------=----.:..----

1!~:IOIU()A GHASS WIG. 12, (') 

I :1 .. 9 I~I 
1.;' :1 15 \oIS 
1.;,,1 .. IS 21·1 
·1 :1 .. 14 :112 
I." :1 8 aao 
1.5 :1 12 :)01;; 
1.5 :1 12 220 

I. t Mowed shortly 1ll'fflr<' t~'t. 2 ~1()w,~1 regular/y. 
:! Vt!1{ctntion ruirty luxuriant. 

• 	 The scatter of the points representing values for different 
channels in each of the curyes of figure 12 may be influenced 
somewhat by differences in length and density 01' \'egetation. In 
figure 12..4. values of 11 for gh'en yalues of l'R al'e highest for 
channel B2-18. and. the \'egetation height-arld-density counts for 
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f'IGURE 12.-Rclation of V R mid Manning's '1/ fOl' channcls Iincd with (A) •short grecn, (8) short dormant, and (C) long grcen Bermuda gt'ass. Dimen
sions and vcgetal-Iining conditions of thc channels arc prcscntcd in tablc 2. 
The vegctation was c':lJllpletely submergcd by all flows except thc first two in 

channe.! B2-19 (lined with short dormant gralls). 



23 FLOW OF WATER IN CHANNELS 

this channel indicate that it had better cover than any of the four 

• others; but no variation of the u-VR relation with quality of cover 
is indicated for the other channels. All the channels represented 
in figure 12, A, had dense, uniform covers, and a single curve rep
resenting the 'U-V R relation for these channels is believed to be 
applicable to other channels having good covers of short green 
Bermuda grass. The coefficient of linear regression of VR values 
0.18 to 2.5 is 0.85. The effect of channel slope and shape is believed 
to be reasonably well accounted for. 

The curve for channels lined with long green .Bermuda grass, 
figure 12, C likewise reveals a satisfactory relation of n with YR. 
Excellent agreement appears here among values for seven chan
nels differing markedly in slope and cross section, with the one 
(:xception of channel B1-1. This channel was irregular in slope 
and cross section and was tested before the technique of testing 
vegetation-lined channels was well developed. Its 24-percent 
slope and the l'oughness of its water surface made. measurement 
difficult. All the other channels were regular in cross section and 
bed slope. Consequently channel B1-1 ha::; been disregarded as 
not comparable, and data for it were not used in constructing 
the curve in figure 12, C. 

• 
Beyond the V R values of 3 and 3.5 for short and long Bermuda 

gniSS. respectively. the retardance coefficient ceases to be associ
ltted with YR. Further significant changes in n are due chiefly 
torougheniug' of the channel bed by scour. 

The evidence that the relation between nand VR is reliable 
for Bermuda grass channels differing widely in slope and shape 
suggests that VR may well be used as a general criterion of 
retardance. This value appears to be the best, most readily 
applied index of retardance now available for use in designing 
small channels that are to be lined with vegetation. The presenta
tion and discussion of the hydraulic behavior of the different kinds 
of vegetation tested are largely in terms of the n-VR relation. 

• 

BER~lrOA GRASS EXPERIMENTS 
Bermuda grass, a perennial that makes vigorous and persistent 

growth in nearly all the warmer parts of the world. is the most 
common and most valuable pasture plant in the Southern States. 
having the same relative importance in that region that Kentucky 
bluegrass has in the more northern States. In many sections of 
the South it is one of the best grasses for hay. It spreads by 
runners. by rootstocks, and by seed. Its erect flower-bearing 
branches usually grow to a height of 6 to 12 inches. The leaf 
blades are narrow, flat, and 1 to 4 inches long. Bermuda grass 
require" warm weather during its growing season, bears intense 
5ummer heat without injury, is seriously injured by a moderate 
degree of cold, and seldom persists where the temperature falls 
much below zero. East of the 100th meridian the northern limit 
of its profitable growth is about the same as the ciouthern limit of 
that of Kentucky bluegras::.. It is not common nOl·th of the Poto
mae and Ohio Rivers 01' north of central MissOlll'i and south
eastern Kansas. It is common in ilTigated valleys of the South
west. Bermuda gras::;is probably more effecth'e than any other 
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grass now used to pre\'ent washing on levee banks, in road cuts, 
lind in gullies, 

Because of its importance and widespread use, Bermuda grass • 
was tested extensively, Ten trapezoidal and four rectany,ulal' 
channels wel'e employed in testing .it in various conditions-green 
r.nd dormant, long and short, 

Expel'imental conditions and results for channels lined with 
Bermuca grass are presented in table 3, and furth2r information 
l'cgarding the expcl'iments on thsse chanm.lls is summarized in the 
following material in small type. The relation between nand VR, 
~hown in figure 12 for Bermuda grass-lined channels in which 
I he grass is short and either green or dormant or is long and green, 
is ilhown in figure 13 for those in which the grass is long and 
dormnnt. Dimensions and data on vegetal covers for the channels 
represented in figure 13 are given in table 4. 
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channels arc pl'esented in table'!. 


lh:cOIm 01' EXI'IWDH::-rl'S 
CII \XX~:L 81-1 

Bcd slope :!:t7 p('I'cent, boUom width u)lproximately 1.5 feet, side s!oJle 
aPPI'oxilllutrly t; t, length 'iO frel, slopr lind CI'OSS section irregulul' but alille
ll1ellt lnlr, planted Septcmbcl' l!J35 by solid sodding, 

E"']ll'rillll'lli ,! Ot'lo/I('I' I fI.W, {1J"CI.qH !FI·'·)I. (olll H1/cul.-A vcrage Icngth of 
g)'ass, Ilinehcs; "lund clescl'ibed liS "fllil'ly luxuriant" (fig. 14). Soil firm. • 

f':qlliJIIllC'nt: Sharp-l'n-sled wpil', rod and l'b'ing, 
n\lrin~ each lc:;t :I l'illglc. !)b~cl"\'cl' made water-surfal'e mcasul'clllents lit 

thl'('(- ~talions. Jlrogl"l'ssill~ dnwn:>tn-nnl. 'rhcrc W('l'e two lO-fvot I'caches. 
V('g(.tatiul\ W(l~ :<\lhllll~IXl'd during all lest:;. \Vatcr surface vcry rougel 

for all nnw~, SOUl!' s('lf-!lC'l'nlioll dudng" nil tc·:;t:!. Valu!.'i' of II UI1USlllllly 
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'rAHLE 3.-E.~Ji(!/';lItcl~t(ll couciitiuI!8 uwl 

TRAPEZOIDAL SIIAI'E, •
Nominal 

,lInlen~lon" 
.....,-" T 

... 
OJ 0 " '"il .. e" 5eo .. 	 ~ ... '<:. '"il " e": .. " 	 ...';::,8 I '!::'a "O~ 0"" .s~ ol' "C.~ ..a " 	 '" P$.S ,,::., 

~"C ~a ,,~ " 	 '"'e -S+: o·~ 011 .... "'" 0 ... .. ~ " .. ....u gj.:;u ~;S cn";j (,l""'" _. Uo J) " 
~~ i5 <5: )l.';:! 

~ ----- """ 
~ 

---------I 2 :i ·1 » Il 7 9 
---<..,~ -'-----	 " -------- 8 -----10-" 	 -- 

CII./I. FI.P"IFeel IJ/:r~cc Sl/./I. sec. 
1 Oct. 211, 10:10 0.05 0.:107 3.00 
2 Oct. 2/1. lU:IU 1.85 .430 4.:10; ~ 3 Oct. 2'/,1936 2.90 .5-17 5.:10

I Grcen, long 4 ~ .dcl. ... _ 3.75 .672 5.58 
5 Oct. 28, 1936 4.!l0 .790 6.20111,1 1.5 1:1 fl ' .. ~ .do . ... , . 2.00 .64fi 6.a2~ 10 Oct. :10. 19:16 5.02 .758 6.62 

11 I·'eb. 11. 19a5 3.0a .536 6.611 

~II 2 DUrmnnt, long 12 Feb. 14. 10:11:1 5.32 .700 7.54 
1;1 ~'eb. 2·1. loas 7.:12 .9,17 7.7:1

i
.-'" .. ~ 

TltAPEZOIDAL SHAPE, 
" 

I 
j ! 1 Sept. 2, 10:\8 I 4.20 0.8:18 5.01 

2 Sept. 7. 1938 6.50 .1I71l G.61lI a ••• do ...... 9.85 1.27 7.77III 2 1.5 un 	 I Green, long ~ 0\ Sept. R,19:18 13.4 1.65 8.64 
5 Sept. 12, 10:18 17.:1 1.82 9.48 
Il Serlt. 1a. 19:18 21.6 2.1!1 9.88~ fin Sept. III. 10:lM 21.a 2.1:\ 10.001 	 • 
I. 

2 Dormnnt. long 1 I'eb. 12. 11)·10 27.3 2.0:l 9.31 
I Sept. l!), I!I.I\ .951 .4411 2.12 
2 Sept. 20. 1!14 I 3.1)2 .n:1 4.12 

I 

a Sept. 2:1, 1941 4.08 .9:10 5.04 
·1 Sept. 24, 1041 0.40 1.40 6.72111-6., ••. 1.5 4 :1 1 Green. Short. fi .., ,do, .... J.I.211 1.79 7.98 

cut RhOI'll)' Il Sept. 20, 1941 .\9.17 2.17 8.85 
b~ror" te.t· i SCIlt. 29, 19'" 2:1.65 2.39 9.8!1 
in~. H Od. 4. 19·1\ 29.:11 2.91 10.08 an " .do•.• .. 4.67 	 1.12 4.08i 

""-,. 

TRAPEZOIDAL SHAPE. 
" 

'-'-1'--"-~-	 I Aug'. 1.1.J 4.091!1. 1!l:lSI 4.6r. 
2 Aug. 20. 19:18 7.12 1.4:\ 4.lIi 
:1 Aug. 22, 19:10 10.11 1.77 5.611 

1 
£11,:1 1 Cirp('n. long ·1 Aug. 2:1. 1IIa8 1:\.5 2.11 6.40 


6 Aug. 2,1,19:\8 17.!l 2.6:1 7.07
" "" 11 	 Ii Aug'. 20, 10:\8 2:1.0 2.!)fi 7.80 
7 Aug. 27. 111:18 28.1 3..19 8.01l 
1 1·'"b. la.lU:HJ 21l.1 3.07 8.61! 	 2 F~b. H.l!!:\!! 25.0 2.9Il 8. j.J


I 
 2 Dorlllllilt. :I Feb, 15.19:19 20.:\ :1.02 8.70
'''ng ~ 4 Feb. 16. IU:I9 2Il.:i 	 2.118 8.82 
I 	 5 I·'.,b. 17, 1939 26.1 2.!!:I 8.!)(1

1 Sept. 21. 19:!!] 1.0,1 1.11 .940 
2 Sept. 22. 1 na9 2.9(l 	 1.52 1.94II , :I " "do .• ' " 4.!H 1.86 2.65

1 1 Gn'cn, long 4 S"pt. 25. 19:19 9.81 2.02 :1.90
111'0 1.5 4: 1 	 5 ... do, •. 

II 

15.21 3.05 4.98 
6 Sept. 211. 19:ili 20.82 3.»2 5.9:1 
7 Sept. 28, 10:19 25.M 3.94 6.56 
R Oct. :I. 1!1:l0 :10.4·1 4.:11 7.07Il 9 Od. 4. 19:19 35.·16 4.72 7.51 
1 Nov. 8. 1!140 .!l79 .020 1.58 
2 N'lv. 12. 1040 2.82 .U5a 2.91l •:1 ... do .. " 4.71 	 1.21 :l.90 

2 ·1 Nov. 15. 19·10 9.9:1 	 1.75 5.fi7 
~rt~cn. ' 5 ,dr,." .. H.7 2.24 6.56 
Stwrl, kept j 6 Nov. 18. 19·10 1!l.8 2.fHi 7.44 
I,'ut. 7 do .... 24.6 3.05 8.00 

8 Nov. 22. 1940 29.8 :1.42 8.7-1 

M"., "' "'~ '1 
_.L." .---""---~..~~~~ 
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27 FLOW 01" WATER IN CHANNELS 

• 
?'e8ults fOl< chunnel8lined with BC'l'muda gras8 

mJD SLOPE 24 PEItCENT 

CoeffiCIents 

... 
i!, 0

'" , E.;: -!l ~'".. ..'" ,,'" ..
'" '" .. 

.."c 

<: " .: 0 
~r< "C '" '" <: co" .... u " e4 ... 

il~ "oJ; " ~u., :3" :~g ..: 'a ., 
"C.~::: ...... .. " .2! 

c 
,,0.. .:: ~~ ~=:;:: ~ <: :l" " .. >."0 ~S <II "E =-- 0·_ ..c ...."~ ~4i :=E ~-;;; ".... <"'" l.: >::.0 Clo a:! "'0 0 ~ " " ---------------- ------------------,-

II 12 1:! 14 15 16 17 18 10 20 21 

1/1. pe,
Feci Feci Ft'ct 11li", • F. /tollr

2.10 0.146 0.2345 0.22 ao • t ~ .... ·~ .... 16.74 0.0648 O.Q!l92 0.451• 

2.27 .189 .2308 •28 30 ....... · ..... 20.0H .0546 .C361 .81a 

2.43 .225 .2276 .aa 30 ,.... ,. ~ 

, ~ ~ f , • 2a.40 .0404 .0344 1.19 
2.71 .2·18 .2:\0111 .38 10 ...... • 

2a.20 .0509 .0358 1.38.4 ••••• 

2.87 .275 .1932 •·10 15 ·.~ .... ·~ .. ~ .. 26.92 .0445 .0:128 1.70~ 

2.44 .22·1 .221i2 .3:\ 30 ·.. ~ ... ....... 23.72 .0490 .0341 1.19 

2.96 .266 .213ii • 40 .... ' 28.32 .OHP .0310 1.70•• 0:862.27 .236 .2350 .39 li5 56 24.08 .0481 .0:142 10M
2.52 .280 .2287 .·18 1\0 55 -.07 29.95 .04[,3 .0303 2.11 
2.72 .348 .2307 .60 150 5·1 .10 27.59 .Q458 .0347 2.69 

BED SLOP!'] 20 PEItCgNT 

2.92 0.287 1926 0.4!l 35 71 -0.1:1 21.:11 0.0567 0.0:l98 1.440. 1a.09 .316 .19·14 .50 5:1 72 -.03 26.90 .0457 .Oa42 2.10
3.a6 .:178 .1054 .58 57 72 .22 28.61 .044Z .0a41 2.04 
3.51 .442 .1931 .tiO ·18 7:1 .32 29.62 .0438 .0347 3.82
3.70 .491 .1074 .81 5·1 (;6 .39 30.46 .04:14 .0:149 4.65
4.05 .541 .1964 .87 52 68 .2,1 30.36 .0442 .0359 5.:15
4.06 .525 .2049 .85 58 68 -.02 :10.88 .0438 .0:1;;5 5.2fi
4.67 .628 .IP4 1.10 30 50 5.30 26.82 .05H .0416 5.85 
3.30 .136 .1954 .21 55 70 .01 la.OO .0824 .0466 .28H
4.07 .180 .1979 .27 40 67 .1:1 21.6a .0518 .0:14·\ .742
4.47 .208 .1961 .31 40 66 .11 24.91 .0460 .0322 1.05
5.3·1 .262 .19U4 .41 40 66 .37 29.32 .0404 .0302 1.76
5.78 .308 .2012 .49 35 66 .27 32.12 .oaso .029·1 2.46
6.:15 .3012 .1000 .5·1 30 68 .28. 3a.95 .0367 .0290 3.0a
6.6!! .358 .2062 .60 40 70 .15 36.66 .0:162 .0278 3.54
7.16 .4011 .1977 .fW 40 68 .15 35.71 .0:159 .0292 4.09
4.71 .238 .1978 .35 20 68 18.82 .0622 .0414.oa .971 

nED SLOPF: 10 PERCENT 

3,18 0.:159 0.0916 0.5B 35 71 0.17 22.86 0.0565 0.0412 1.47
3.54 .40,1 .0906 .6:1 30 70 .47 26.26 .0495 .0:178 2.01
:1.90 .455 .0907 .75 a2 74 .97 28.05 .0470 .0365 2.58
4.18 .50fi .0006 .81; 40 7·\ .13 30.08 .0445 .oa57 3.23
4.69 .540 .0884 .06 47 74 .18 32.63 .0416 .0341 3.82
5.01i .584 .08701 1.0a 44 7:1 .10 34.80 .oa94 .03:\1 4.56
5.41 .6·1. .0845 1.15 50 73 .06 34.7·1 .0402 .0340 5.20
4.94 .622 .0842 1.05 31 48 .16 37.26 .0369 .0316 5.29
4.89 .606 .0872 1.00 30 48 .17 38.06 .oa60 .0307 5.30
4.92 .614 .0880 1.02 ao 49 -.09 37.48 .0:166 .0312 5.34
4.88 .611 .0846 1.02 30 48 .26 38.88 .0352 .oao:l 5.39
4.86 .603 .0857 1.02 30 45 .06 30.18 .0349 .oaoo 5.37
4.66 .238 .1024 .36 28 67 .09 6.03 .196 .1039 .224
5.30 .287 .1009 .4·1 19 .10 11.42 .1064 .0654.... 66 .557
6.00 .:1l0 .0988 .51 40 .07 15.10 .0811 .05:15 .822
S.9a .364 .0085 .62 40 65 .10 20.64 .0610 .0438 1.42
7.56 .404 .0982 .60 35 67 .10 2·1.94 .0512 .0388 2.01
8.22 .428 .0966 .74 40 68 .10 29.18 .0442 .0:148 2.54

• 
8.70 ...5·1 .0974 .78 41 70 .06 31.29 .0418 .0335 2.98
9.05 ..I71i .0064 .8·1 40 6i .05 33.04 .0398 .0:124 3.36
9.87 .479 .0080 .88 40 68 .06 34.64 .0380 .0312 3.60
3.65 .170 .1010 .25 21 51 .0·1 12.02 .0922 .0529 .2694.37 .218 .1012 .aa 19 52 -.01 10.90 .0580 .0388 .645
4.71i .25'·1 .1000 .39 40 5-1 .05 24.45 .0484 .0345 .991
5.72 .:lOG .0984 .50 40 47 .01 .0:\73~2.67 .0200 1.74
6.4·1 .:I.JR .mIRO .ii7 40 4r. .01 :\n.50 .0351 .0282 2.28
7.15 .:172 .Olln9 .6:\ -to 45 .02 :18.57 .0:126 .0268 2.77
7.6·1 .·100 .0n77 .li8 ·10 47 .0:1 40.83 .0:112 .0261 3.22
8.02 ..12 Ii .1002 .7:1 ·111 57 .0·1 ·12.:10 .0:\05 .0258 3.72 

--.~-..........--
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TABLE 3.-Experimental oonditions and results 

TRAPEZOIDAL SHAPE. •
Nominal 

djmcn~ion.s 

---,1-----------·1--- ------1-------
Cu. ft. Ft. per

Fu/ 	 per scc. Sq. ft. sec. 
1 July 26. 1938 4.09 2.51 1.63 
In July 27. 1938 4.09 2.42 1.69 
2 July 29. 1938 6.87 2.93 2.3,j 
3 AUI{. 1. 1938 9.76 3.50 2.79 
4 AUI{. 2. 1938 14.0 4.00 3.50 
5 Aug. 3.1938 18.8 4.59 4.10 
6 Aug. 4. 19a8 23.3 5.14 4.54 
7 AliI{. 5. 1938 29.0 5.77 5.0a 
1 Mar. 13. 1939 .093 .412 .226 

1 -'1 I ( 	 2 Mllr. 14. 1939 .215 .715 .301.r>. ) 

" 
!I Mar. 15. 19:19 .356 .982 .363 

Mllr. 16. 1939 .561 1.30 .432 
2 Dormnnt. long, 	 5 Mllr. 17.1939 .748 1.41 .530 

6 Mar. 27. 1939 1.04 1.51 .687 
7 ..... do ...... 1.68 1.05 

'I 
II 8 Mar. 28. 1939 t~~ 1.87 1.44 

9 "., .do ...... 4.38 2.16 2.03 
1 Oct. 24. 1939 3.89 2.06 1.88'1: Dormnnt. l 
" 	 •2 Oct. 26. 1939 1.05 1.06 .990Long intest 1. a Oct. 27. 1939 2.96 1.42 2.08 

short in Oct. 30. 1939 4.92 1.74 2.82 
tc-<ts 5 Nov. 1. 1939 9.86 2.38 4.14 
2-10. 6 Nov. 7. 1939 14.94 3.04 4.94 

7 Nov. 9. 19a9 20.6:1 3.67 5.6a 
8 Nov. 10. 1939 25.94 4.27 6.07 
9 Nov. 13. 1939 28.47 4.55 6.26 

10 Nov. 14. 1939 35.42 5.28 6.72 
1 AUI{. 9. 1938 3.99 1.72 2.32 
2 AUI{. 10. 1938 6.51 2.22 2.93 
:I , .... do ...... 9.91 2.78 3.57 

, , G,,"o. 100, .. 1 4 AUI{. 11. 1938 13.7 3.32 4.13 
ij Aug. 12. 19:18 18.5 3.98 4.65 
6 Aug. 15. 1938 24.2 4.76 5.08 
7 Aui:'. 17.1938 30.a 5.64 5.37- I _ 

"" 

I i\
( 1 Oct. 5. 1939 3.95 1.60 2.46 

B~-8 1 2 Oct. 6. 1939 1.09 .634 1.72; II :I Oct. 7. 1939 2.9:1 1.03 2.85I 4 Oct. 9. 19:19 4.86 1.45 3.:15
I 2 Gr£'en. Long [, Oct. 10. 1939 9.85 2.20 4.46 

in test 1. 6 Oct. 11. 1939 15.2 2.94 5.18 
short in 7 Oct. 12. 19a9 20.2 3.56 5.68 
tesls 2-10. II R ..... do ..•... 24.6 4.08 6.04 

9 Oct. 20. 1939 29.8 4.7:1 6.30 
10 " .. do ...... 34.8 5.30 6.57 

1I~-18 1.5, ,1:1 1 Sept. 19. 1941 .9:19 1.42 .660Green. Short. {' 

I 

ellt shortly 2 Sept. 20. 1941 2.98 2.10 1.42 
before 3' Sept. 2a. 1941 4.68 2.54 1.84 
testing. 4 Sept. 24. 1941 9.44 3.58 2.64 

5 ..••do ..... , 14.:19 4.37 3.29 
6 Sept. 26. 1941 19.66 5.21 3.78 

TRAPEZOIDAL SHAPE. 

1 0.980 1.62 0.6061:2-1;--·'1 1.5 11 Iii:') Nov. 2.644:1 PlIl'tinliy 	 8.1940 I 2.82 1.07 
t ~h~';.'tnt. ~ ~~~·.d~~·.~~~~ 4.74 3.38 1.40 
I kept cut. 4 Nov. 15. 1940 9.92 4.84 2.05 

14.6:1 5.95 2.46 
19.68 6.99 2.82I 	 ; ~~~.::{~.: ~~~~ I 

• 
24.67 8.00 3.09 

1 8 Nov. 22. 1940 30.00 8.83 3.40 
____~__~__~ ______~ _______~ L_ _______~ ____~ ____ __~I I 
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29 I'. }'LOW OF WATER IN CHANNELS 

lo/' channels lined with Be1"muda grass-(Continued) 

BED SLOPE 3 PERCENT 

CoefficientsI ... 
8 .. .. 0 

' .. Co 
~c.·c :l .. ~ .. ., " " ~ "Co ..'"~"< .. '0 " .... u ... 

..; 0'g ... .:: .. " too" 
t:,; 

"u1 " .. " ~ .. .. ·.h,,0 ~~ " e;.2 ,.; .. ';:" 
::
.. 
~ 

.. 
",.~ 

...'" " .. '" ~o;:! ..c 
N .. " .. " 1::5- "8 " ="<~;; :z:E ~":jj 0" ~o " .... ~.'! <~~ 0 :a ~ " >::.. 

II 12 13 \01 15 16 17 18 19 20 21------ --.---------------------------
I In. per


Feet Ferl Feel Mill. of. hOllr 

5.78 0.4:15 0.0:12·1 O.~O 38 71 -0.23 n.78 0.0943 0.0646 0.709 
0.70 .425 .0322 .59 49 75 -.09 14.48 .0892 .0614 .718 
1i.00 .·188 .0:119 .68 43 7·1 .08 18.85 .0700 .0516 1.14 
6.41 .5·11i .0:118 .77 ()5 70 .25 .0635 .0484 1.52 
6.75 .594 .0318 .85 58 70 -.07 ~~:~~ 1 .05a6 .0427 2.08 
7.14 .644 .0:118 .92 41 68 .07 28.97 .0481 .0395 2.64 
7.47 .li89 .032a 1.02 :~2 liS -.ao 30.77 .0460 .0384 3.13 
7.S\ .740 .0:112 1.10 :15 71 -.15 33.48 .0427 .0364 3.72 
:1.I11 .114 .0319 .14 ·10 56 .01 3.74 .277 .116 .0258 
·1.06 .176 .0:120 .22 44 56 0 4.01 .277 .lao .0530 
·1.27 .230 .0327 .30 35 52 -.01 4.19 .278 .la9 .08a5 
4.62 .282 .0323 .36 40 56 0 4.52 .266 .141 .122 
4.70 .301 .0;114 .a8 22 51 -.0& 5.46 .223 .123 .160 
4.75 .:118 .0308 I ..II 40 56 .02 li.U3 .177 .102 .218 
4.90 .a4a .Oa12 , •.J.I 2·\ 57 .04 10.20 .122 .0762 .360 
5.0a .:168 .0321 .48 2., 58 0 1:1.21 .0952 .0631 .530 
5.27 ..110 .0:129 .53 22 58 .06 17.51 .0731 .0518 .832 
5.28 .auu .0:137 .52 40 (j2 .07 16.50 .0768 .0537 .73!l 
·\.6:1 .22H .0322 .31 39 64 .06 11.73 .0991 .0592 .227 
·\.93 .288 .0328 .38 27 65 .07 21.50 .0562 .03n6 .599 
5.15 .3a8 .Oaa2 .46 40 57 .07 26.65 .0465 .Oa50 .953 
5.64 .422 .Oa52 .56 40 52 .05 a4.01 .0:178 .Oa06 1.75 
6.17 .49:\ .0!!56 .67 ·\0 47 .08 37.:15 .Oa54 .0296 2.44 
6.58 .558 .0:155 .76 ·10 51 .on 40.08 .0336 .0289 3.1-1 
6.!l7 .Iit:! .0:154 .86 40 52 .10 41.:12 .Oa32 .0288 3.7? 
7.19 .Ii:!'\ .0:15-1 .91 40 53 .OS 41.94 , .0:129 .0288 3.97 
7.09 .IiSS .0:148 1.01 ·\0 52 .08 ·\:I.li2 .0322 .0284 4.62 
3.9:1 .4:18 .Oa59 .71i :\l'i 68 .02 18.59 .0699 .0506 1.02 
4.·\0 .505 .0361 .90 ·\0 70 -.06 21.86 .0608 .0462 1.48 
,\.90 .51i8 .0:170 1.03 4'1 70 -.02 2·1.72 .0548 .0432 2.0:1 
5.29 .628 .0:165 1. 16 4'i 72 .07 27.32 .0505 .0410 2.60 
5.8·\ .082 .0:154 1.30 .\9 n -.01 :10.01 .0465 .0387 3.17 
1i.34 .7r;2 .0:152 1.46 52 73 .14 31.64 .0450 .0381 3.82 
Ii.BI .828 .0352 1.60 32 7:1 .10 a1.93 .O,I5:l .0:188 4.45 
:1.8·\ .418 .0350 .69 40 65 .05 20.36 .0632 .0·162 1.03 
2.o!! .250 .0318 .:1Ii 21i 65 .10 19.31 .0611 .0412 .430 
a.\8 .:12.\ .Oa:)5 .50 22 6U .10 27.36 .0450 .0339 .924 
:I.1i9 .:I!l:1 .0:140 .6·1 40 6n .0·\ 28.69 .04.\4 .0346 1.32 
4.43 .·196 .0:140 .82 40 68 .O!) 3·1.38 .0:185 .0318 2.21 
5.1J.\ I .58:\ .oa.n 1.00 ·\0 IiR .16 36.71 .0:170 .0314 3.02 
5..18 , .1i50 .0344 1.\5 40 68 .09 37.98 .0364 .Oa13 3.69 
5.SH .liil8 .0:142 1.26 40 68 .1:1 39.20 .0357 .0:111 4.22 
6.29 I .752 .Oa48 1.39 ·10 fiS .09 aH.94 .U364 .0:119 4.74 
6.6·1 .798 .0:148 , 1.48 ·10 60 .12 39.47 .0363 .0:120 5.24 
5.07 .280 .0314 .43 5:1 70 -.05 7.04 .1710 .0964 .185 
5.9:1 .354 .Oal0 I .54 5U 67 .01 13.62 .0918 .0607 .50a 
6.55 .388 .Oa12 .63 42 66 .06 16.74 .0760 .0529 .714 
7.75 .4li~ .OHI5 .76 40 fHi 0 21.97 .0594 .00\47 1.22 
8.44 .518 .0312 .S6 13 66 .18 25.94 .OS\4 .040·\ 1.70 
9.:14 .fiSS .0312 .96 17 ... .05 28.67 .0472 .0384 2.11 

• 
BED SLOPE 1 PERCENT 

~ .. .. 

;'.as O.aOl 0.0098 0.48 60 51 O.Ol 11.49 0.1082 0.Ofi72 0.182 
Ii.S·1 .:186 .oon .64 38 51 .02 17.66 .072:1 .0508 .41:1 
"7.55 .4·\8 .010a .7-1 41 sa .0·1 20.82 .0629 .0466 .627 
S.9:\ .542 .0108 .9:1 44 47 .0·\ 26.96 .0501 .0:198 1.11 
!l.88 .602 .0111 1.0·\ 46 41i -.03 30.22 .0·\55 .0373 1.48 

10.86 1.1;' 47 .\.\ .04 35.28 .0:195 .0:1:1" 1.82.60\·\ I .010\ 
11.63 .IiSS .0102 1.25 50 ·w -.03 37.06 I .0:179 .0326 2.13 
12.ao .718 .0102 I.al .I!) 51i .02 40.07 1 .0:15:1 .oaos 2.44 

1....--, 
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TABLE 3.-Experimental conditions and 1'esults 

RECTANGULA)t SHAPE (METAL'SIDE • 
Nominal 

dimension.

1- .. .I 
oQ 

" 
~ 

-.:
Ql .. Eo." abO .. 	 " ... . ~ 
= E • ''; .8 .- = 

.8 ~~ co 0= > 
3-5 ~'= 	 .c OS.S =:..co " ~g ~E :::':: ~E ~+l <II"..c 0:91 	 0 ... CO!! .:!i" .. ~ m:::

0 tilt::~~ U3~ "''' 00 ,e-o""" Q- Q < .. :I'!~ 

I 2 ., 5 6 7 8 9 10 

Cu. fl. Fl. per
Feci 1"-1 	 pcr sec. Sq. It. sec. 

1 Dec. 5. 1940 I .OIHI .154 .643 
2 Dec. ti. 19·10' .301i .217 1.41I I 3 Duc. 9. 1940 .471 .247 1.91i 	 It 4 " .694 2.42: ",do ... .286 

1 5 Dec. 11. 19·10 1.13 .3a9 3.34
112-19-1. 1 0 1 Durmant. Ii .... do, ..... 1.43 .399 3.58 

Short. 7 do ...... .1.66 432 3.84 
kept cut. I S Dec. 12. 1940 2.12 .48:\ 4.40I 	 • 19 Dec. 17.1940 2.92 .565 5.17f 10 ,.do ••..•. 4.88 .758 6.45I~ 11 Dec. 18. 1940 6.37 .905 7.05I 12 ..... do. - .... 7.81 1.02 7.68i 1 Dec. 5. 1940 .09' .248 .388

I 2 Dec. Ii. 1940 .30 I .3:19 .896 
4 Dec. 9.1940 .689 .425 1.62

I 6 Dec. 11. 1940 1.44 .572 2.52I 	 •8 Dec. 12. 1940 2.12 .664 3.20
0 11J2-UJ-2. 2 , 1 Dormnnt. 9 Dec. 17. 1940 2.90 .775 3.74 

I. Short. 10 .....do" .. 4.86 1.00 4.84 
kept cut. II I Dec. IS. 1940 6.45 1.17 5.49 

I 12 1 ... do 7.85 1.:10 6.00 
13 Dec. 19. 1940 10.6 1.56 6.112 

I 14 .... do 13.4 1.79 7.50 
2 Dec. 6. 1940 .:100 .528 I .568 

1 4 Dec. 9. 19·10 .686 .6:'0 , 1.09 
6 Dc'C. II. 1940 1.44 .S10 . 1.78 
8 Dec. 12. 1940 2.12 .9aS 2.27 

I I 	 I112-19-a If 3.5 I Dnrmnnt.1 10 Dec. 17. 1940 4.86 1.33 3.66 
( 01 Short. 12 Dec. IS. 1940 7.79 1.66 4.69 

kept cut. 1·1 Dec. 19, 1940 1:1.45 2.20 6.12 
I" •. , .. do, ..... 17.10 2.51 6.S4 
17 Dec. 20. 1940 21.95 2.99 7.36 
18 .. ~ , . do ~. 24.00 3.21 7.48I I 2 Dec. 6, 1940 .aoo .S28 .363 
5 1 Dec. 11. l!)·10 1.1·1 1.14 1.000 
8 Dec. 12.19·10 2.12 J.:i4 1.59 

112-19~li 6 I 01 I Dormllnt. 10 Dec. I'T.1940 4.84 1.80 2.68; Short, I:! j Dec. 19. 1940 10.8 2.54 4.25 
I kept cut. Ir. i, Dec. 20. 1940 19.1 3.11 6.15I I 117 

I
..... do ...... 22.0 3.66 6.02I , 	 J8 ... do ...... 23.9 3.86 6.201 

TRAPEZOIDAL SHAPE. 

1 

I Aug. 26. 1940 1.18 3.35 0.35:1 
III Sept 30, 19·10 1.29 3.48 .372 
2 Aug. 27. 1940 2.76 4.60 .597 
!l .do .. " .. 4.72 5.80 .81:1 
3u Sept. :10. 1940 4.75 5.83 .R14 
4 Aug. 28. 1940 10.1 8.55 1.18

Supply 4 1.5 :1 4 Gr('~n. 5 .. ... do ...... 14.9 10.7 1.40

canal, Short. cut 5n Sept. ao. 1940 15.1 10.8 Un

tnnll'ent shortly 6 Aug. 29. 19·10 20.2 ,1:1.0 1.55

reach beCore 7 do 25.1 15.4 1.6.' 


testing. 	 7n 8erlt. 30, 1940 24.7 15.:1 1.62 
8 Serlt. :1, 194() 30.4 17.7 1.71 •
9 . do,.". 34.8 20.:1 1.71 
9n Sept. 30. 1940 35.7 21.0 1.70 

I 
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31 F!~OW OF WATER IN CHANNELS 

.' 
 for ellUl/lids lined with DC/"/ItIlc/fL !1nts.~-(Colltillucd) 


WALLS, m:n SLOP~j ~ pgltCENT 

Coefficienl, 

:,l'E 	 .s: .. l _e. .
'i: 	 ::.. 

I :::.JI I~ 
,. ..!!. :!lr.: .. iO. 

3 .. '" 	 ...! ~ .... u 
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the nm-VR CU/'vell in fiUUre.13 101.'1'1.' obtlLinecl 


'Vcltelatlon stand •Nominal dimen~ionH 
count 

Experl
ment 


Channel """.. _. 

ned Buttom Sitle Stems I,erHehcht
slope width slope !" S(IUare foot 

-~ -"'._
./'",'"", Fut /"C/'U Number 

111-1 2 24 1.5 1 :1 12 lOI) 
111-:\ 2 10 1,6 1.5 :1 15 11)0 

2 a 4 1.5 :1 12 !J5U112-7 .......... { 
 3 3 4 1.5 :1 11 250 

Some damage to channel, but no drastic change. Grass seeml~d to have 
thinned out slightly. About six small holes 2 to 3 inches deep avpeared in 
channel bottom, and there seemed to be some scour over entire channel bottom. 

Experiment 2, Febl'lIIt/·y 11140, U/"IlSIl cio/"lllCmt and mwltt.-G:·ass probably 
15 inches long and as dense as in experiment 1. Soil firm. 

Equipment: 2-foot rtlOdified Pal'shall flume, point gages. Discharge was 
measured indirectly. PI'ocedure same as in expel'iment 1. 

During each test three men made watel'-sul"face measurements simul
taneously at three stations; each making two at the same station. There 
were two 10-foot reaches. 

At start of test, gate between supply canal and test channel was opene,l 
too fast and too much. As a result, considel'able water was drawn from 
supply canal stomge dUI'ing first few minutes. Severe scour is believed to 
have occuned at slal·t of test because of heavy flow overload. 

Vegetation was submel·ged. Flow was extremely rough, and considerabl(l • 
self-ael'ation took place (fig. 16). According to figul'e 13 the n value fot: long 
dormant Bel'muda grass when VR equals 5.84, as in this test, is about 0.036. 
In this instance the considerably higher n value of 0.051 .resulted from 
increase in bed roughness due to sevel'e scour and actual removal of sod. 

• 

FIGURE 15.-Bermuda grass channel Bl-1, experiment 2: A, View during 

te!\t 3; n, scoured pOI-ti0l1 at completion of teRting. 

http:fiUUre.13
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Channel definitely failed. ~lo~L or j;od waK tOl"ll olT lowel' :W fect of channel. 
Bod had Jailed to root to sub~oil, and a planc of weakness may have dcvelopcd 
through Jrost action. However, this channel had withstood highel' flows the 
previous summer without severe damage. 

CIl"~NEL Bl-6 
Bed slope 20 pel' cent, bottom 

width 1.5 feet, side slope 4 :1, length 
50 feet, planted December 1!)40 by 
solid sodding. CluUlnel vel'y uni
iOl'm in slope and Cl'OSS section. 

E,l:llCrililent 1, ScptemiJl!I" 1 [II,J, 
GI'USS green und )'ccently cut [01' 
fil'st time.-Cutting had left only 
stiff brown base stalks 3 Y:: inches 
long, Density 208 stems per square 
foot (fig. 17), Soil hal·d. 

Equipment 2-foot modified Par
shall flume, point gages, 

During each test three men made 
watel'-surface measllrements simul
taneously at three stations, each 
man making one at each station, 
Thel'e were two 10-foot reaches. 

Vegetation was submerged during" 
all tests, Watel' surface varied from 
very rough for low flows to ex
tremely rough fOI' high flows, Some 
aeration during all. tests appal'ently 
increasing as flow increased, Aera
tion increased with distance along 

FIGURE 16,-Bermuda grass channel chanllel. Values of n in fair agl'ee-
Bl-') during test 1 expel'iment 2. mcnt with those iOl' othel' channels 

- . ,. having similar linings. 
Considerable crosion. In Some places, bottom was scoul'ed to a depth of 

about 2~~ inches. Very few plants weL'e tOI'll out, and no large bare spots 
01' holes developed. 

CIU~NEI. Bl-3 
Bed slope 10 percent, bottom width 1.5 feet, side slope 1.5:1, length 50 feet, 

planted July .19a7 by solid sodding. Channel fairly uniform in slopc and cross 
section. Some ilTegularities due to varilltion in thickness of sod used, 

B,t'pait/H'II/ 1, Augllst l,rJJS, V/'(ISS g/'l'eu (lIId I!Hrllt,-Gl'ass, on average, 
18 inches long, stems pCI' squal'e ioot 340 on sides and 214 on bottom, Soil 
firm. 

J.:;quipment: 2-foot modified Pat'shall flume, I'od anel stl'ing, 
Oul'ing cach test a singlc observel' nutcIe watel'-sul'facc mcasul'emcnts al 

four stations, progressing downstream, There wel'c thl'ee 10-foot reaches, 
Vegctation was submerged dul'ing' all tests, Watcl' surface very rough 

(luring evel-Y flow, Slight aeration dlll:ing higher flows, Owing to channel 
(!nt!'ancc condition, a wave occUlTcd in channel at 5-Joot station; this is 
heiieved not to have affccted results, Value;; of n in agl'cement with those 
fOl' other channels with similar linings, 

Some el'osion occlllTed in channel during tests, but no serious damage 
I'csulted. Grass was slightly thinned out, a little soil was taken off chann-cl 
bottom, and two holes about 2 inches deep and 6 inches in diameter appeared, 

B,l'/It'riml'lI/ 2, f'c'/n'/uuI! .I!1,J9, fJI'IIilS (/01'111([11/ IInci /IJ/('ut,-Grass, on avel'
age, 15 inches long, stems PCI' square foot l!JO on bottom, 155 on sides. Soil 
firm. Lining thin, Channel in ;;lighlly croded condition as rcsult or l)I'cyious 
test. Channel bed contnined a few holes about::! inches decp, 

Equipmcnt and ohservational techniquc samc as in cxpel'iment 1 except 
that there were only two 10-foot reaches and threc ~tation:;;, 

Pl'ocedurc deviated from the ordinary in that five trsts about the same a:: 
to discharge and dumtion were eonducted, one daily fO!' fh'c ('onset'utive days, 

Vegetlltion was submel'g'ed dul'ing all tests, WaleI' surface was vcry l'ough 
79:'21).1 7 .,9 :l 
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("lGum:: 17.-Bermuda grass channel BI-6, ('xperiment 1: A, View before 
teSting; fl, vicw during' test 6. • 
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and some aeration occuned (fig, 18). No appal'ent increase in bed roughness 
due to scour. A slight decrease ill n fl'om tests 3 to 5 is evident, (lrol:Jlbly 
reflecting thinning out of covel'. Values of n in agreement with those for 
other channels with similar linings. 

No sel'ious damage to channel. At 
end of experiment grass seemed to 
have thinned out considerably, but all 
parts of channel bed still had covel" 
Some areas were scoured to a depth 
of about 1 inch, and thel'e were five 
holes about 2 inches deep and G 
inches in diameter. 

CII,\NNEL 81-5 
Bed slope 10 percent, bottom width 

1.5 ieet, side slope 4:1, length 50 
feet, planted alay 1939 by solid sod
ding. Channel uniform in cross 
section and slope. 

E'xpc l'ime Itt, 1, SC]ltembel' 1939, 
U!'(l88 fJ/'f'('n coul W1Cl!t.-Grass, on 
average, 14 inches long, 312 stems 
pel' square foot (fig, 19). Soil firm, 

Equipment: 2-foot modified Par
shall flume, point gages. 

During each test thl'ee men made 
FIGURE lS.-Bermuda grass channel water-surface measurements simul
Bl-3 during' test 1 of expel'iment 2. t~neously at t~ree .measuring sta

- tlOns, each makmg two at the same 
station. There were two 10-foot reaches, 

Vegetation was submerged except at edges during all tests. Water surface 
was rough for lowestllow and increased in roughness until it was extremely 
I'ough for highest 110\\'. Some aeration. Values of n in agreement with those 
fOl' othel' channels having similar linings, 

No damage to channel could be detected by visual inspection (fig. 19, C). 
No gl'Uss had heen tOI'l1 out utHl no holes appeured, CI'oss-section measure
ments showed, however, that chunnelbottom had been eroded evenly about 
one-half inch . 

• 


• 

l"Jr.URF. 19,-Bel'muda g'I'aSS channel BI-5, experiment 1: .4. View before 

testing; n. vi('w dul'ing' It'st (j; (', \'iew at l·oll1pk·tion o( expel'ill1ent, 
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Experimcllt 2, NOl'ember J9411, urass mostly grcen, kept cut.-Grass about 
2 inches long, density believed to have been about 480 stems pel' square foot. 
SoH firm. 

Equipment and observational technique same as in experiment 1. •Vegetation was submerged during all tests. Water surface was very 
roughfol' lowest flow and incl'eased in roughness until it was extremely .rough 
for highest flow. Some aeration. Values of n in fair agreement with those 
fOl' other channels having :;imilal' linings, but generally lower-probably 
because of lInusual shortness of grass. 

No apparent damage to channel. Cross-section measul'ements l'evealeu 
less than~.I-inch SCOUr. 

CHANNEL B2-7 
Bed slope 3 peI'cent, hc>ttom width 4 feet, side slope 1.5 :1, length 50 feet, 

planted .July 1D:37 by solid sodding, ChaJ1nel unifol'm in slope and cross 
section. Some roughness in bottom owing to small ditfel'ence in sad thiclinel'ls. 

E:.rl)crimc·nl J, .lilly awl Auuust lIJJ8, umss Ul'cc'n lind ltllcllt.-Grass, on 
IIvel'lIge, 8 inches long, aao stems pel' square foot. Soil fil'm, 

b~quiJlmcnt: 2-foot modified Plll'shall flume, string and rod. 
DUl'ing each test II single obsel'vel' made wllter-sul'face measurements at 

live stations, IIl'ogrcs::;ing down~tl'e:\ln, There were fOlll' lO-foot reaches. 
Vegetation was submerged during all tests, Water sUI'face was slightly 

I'ough fOl' lowest tlow and bet'ame l'oughel' until it was decidedly rough for 
highest fIIow, Sligllt ael'Ution oCCUlTed during highest flow. Valt~es of n in 
agl'eement with those fOl' other channels with similar linings. 

Practically no SCOUl' occurred. Aftc I' the highel' flows a few thin spots in 
the grass covcr wcrc noticed, 

E.l'fI(·rimf!Hi 2, ;lIcu'clt 19J.9, UI'ClSS dormant ((1/(1 It1!Cut.-Grass, on avel'Uge, 
12 inchcs long, 350 stcms pel' square foot (fig. 20). Soil fil'm, 

Dischal'gc l11cal'ul'cd \'olul11ctrically for fil'St foul' tcsts, with 2-foot modificd 
Pal'shall f1umc Cor rcmaining tcsts, CI'O;;S sections measured with point gages. 

Dm'ing each tc;;t II singlc observcl' n1!ulc watcr-su1'face measurcments at 
two stations, progl'esl'ing dOwllstl'eam. Thcre was one 10-foot reach only. 

Oul'ing' lc~ts 1 to 4 the vcgetation was not submcrged-in fact, it hid the 
watel', During tcst 5 it was. approximately 30 percent submerged, Sub
nH:>I'gcnce incI'cascd until final test. when flow submerged grass except at 
edges of channel. Water surface slightly rough. 

• 


• 

l~tr.enf) 20,-Bel'll1Uda l!i'aSg c:haniHll R2-7 bcfore cxpe1'iment 2. 
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• In this eXTl(!I'iment with shallow flows oJ low velvcity, almost identical n 
values prevailed JOI' the three iowest flows, which COlll'sed through the mass 
of stems lind leaves without cllusing more than slight bonding 01' movement, 
'rhe I'ollghne~s 01' retarding element remained unchanged, A rapid decrease in 
It occurred as SOon m! bending and submel'gence began, Values of 11 for the 
highel' V[( values arc in agl'ccment with those fOl' OthCI' channels having
sitllilul' linings, 

No scour occulTed, 
E:t;[J('rilll(!!l1 ;1, O('(o/i1'1' and ;\'/H'/'1II/iC'j' 1[139, Urct,~s c{o/'lIiC1nl, 100CIt/mlll cut,·

GI'USS was uncut and 11 inches long on u\'el'ugc in tcst I! was cut to !"ngth 
of 4 inches beJol'c othcl' tcsts (fig, :!1). Density, 250 stems IlCI' squarc foot. 
Soil. finll, 

~]quiJ1m<:'nt: 2-foot modified Parslulll flume, point gages. 
Ihll'ing' each lest thrce men mude watel'-suI'face mcasurcmcnts simul

taneously nt three stations, ca<:h making two at the sallie station, Therc were 
two .I O-foot reachcs. 

Vegetation was flubmcl'ged dUl'ing all tests, Walel' sUl'Jacc was slightly 
I'ollgh during til'st test and became roughel' as tlow increllsed until it was 
very I'ough rOt' finlll test, Slight ael'ation occul'l'ed dlll'ing tcsts 8 lind !), 
Values of 11 in ilgl'eellwnt with those fOl' othel' challlleis having similal' linings, 

Slig-ht SCOUI' occulTed, A few holes appeared in rhanncl bed, of which onc 
was" inches in diameter and 3 inches decp, Vegetation aJlpeured rather 
thin ufter teHts, 

CII\:\,:\,EL 112-8 
Bed slope 3 perccnt, bottom width 1.5 fcet, side slope 1,5 :1, length 50 feet, 

planted ,July Ina7 by solid sodding, Channel Jail'ly unifo1'll1 in' slopc and 
cross section. Some l'oug'hllOSS in bottom due to sll1ull differences in sod 
thickness, Section a2 to an feet from heac! oJ ehanllelahout 2.5 inchcs low, 

E,(']l<'I'ill!!'ltl 1. AU,ljltst l!J;U!, UI'USS U/'('('!/ (fllillOlCut,-Gl'!\SS 12 inches long 
011 u\'el'age, 345 stems pCl' squal'C foot. Soil firm, • 

" 

f~quif1mcnt: 2-foot modified Parshall 1I1lI1le, string and rod. 
DIlI'ing each test a single obscn'Cl' madc wlltcr-sudace mcasu1'ements at 

five stations, progl'cssing downstream, There werc four 10-foot reaches. 

• 

FIGl'Rf: 21.--Dcl'll1uda grass chan FlGl'ftF. 22,-Bct'muda g'mss channel 
nel B2~7 lJefol'(' tC'st 2. l'xl)(,l~iment 11:!-8 \)(>(OI'C test 2, eX]lel'iment 2,
:l, when grass had been ('ut to when gl'ass hnd hcen ('ut to length

l('ng'lh of ·1 ilw\wi<. of 4 itl('\1l'S, 
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Vl!getation was submerged during all tests. Watel: sudace was slightly 
rough during test 1 and became rougher as flow incl'eased until it was very 
rough during final test. Low spot in channel grade at 34-ioot station caused ., 
a wave and considel'llble l'oughness below. Values of '/I. in agreement with 
those for other channels having similar linings.

No measurable !;COUI' occuned. Lining appeared thin in a iew places, but 
no holes 01' bare spots fOl'nled during tests. 

Expc)'imcnt 2, Octobe)' llJ.79 , U1'(//I/I IIl'eclI, lt1lcttt ami cut.-Grass was uncut 
and 12 inches long on average in test 1, was cut to length of 4 inches before 
other tests (fig. 22). After being cut it had the appearance of dormancy. 
Density, 220 stems per square 'ioot, Soil firm. 

\o~quiJlmenL: 2-foot modified Parshall flume, point gages. 
During each test threc men made watcl'-surface measurements simul

taneously at UlI'ee stations, ellch making two at the same station, Thei'1! weI'\) 
two to-foot rCllches. 

Vcgetation was sul!m\)I'ged dui'ing IIll tests. Water sUl'face was slightly 
rough dul'ing lest. 1 and became I'oughel' as flow increased until it was very
rough during final test, Low spot in channel grade at 34-foot station again 
caused II wavc and IIdditional surfllccroughness. Values of II in iair agl'ce
ment with those 1'01' other channels hllving similar linings, 

Slight SCOUI' occurrcd. Some bare spots fOi'mcd, but no holes appelll'ed 

in channel bcd. 


CII'\~~EL B2-18 
Bcd slope a )Iel'cent, bottom width 1.5 feet, side slope 4:1, length 50 feet, 


pluntcd .1 nnllal'y 11>41 by solid sodding. Channel vel'y uniform in slope and 

croSS section. 


E,I'PI"'i)//('nl J, S('IJII·IIt/Jt'/' 1{J!,J I UrnslI u/'eel! (I.lICl /'CC(')ltly cllt f())' (r./,llt till/('. 
-Cutting had lcft onl~' stiff bl'own base stalks" inches long (fig. 23). Density, 
:120 stems pel' sqllare foot. Soil hurd. • 

Equipment: 2-foot mOllified Parshall flume, )Joint gages. 
DlIring ench test three nwn made water-surface measurements simul

tancously at lhree stations, euch m:\l1 making one at each station. There 
were two l()cfoot rCllches. 

• 

1~H1UIt~: 23.-Dcl'mllda gl'l\SS channel 132-18 before experiment 1. 
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\'I'~'I'!'''l'''' \\.1', '1l"lrW!!.!',d d.ul'i!'~ all 1l',I~. \\":tfl'l' ,..urJ'an' YlIl'i\'t1 1'1'0111 
"t';~' I",l~;, fill 1.. \1" ! I!IIW I .. 11I".h",,'dy 1'IlH),d1 1'111' Illgill',l. \'aItH''; or 
'~""'I'IIif': I \I;lil IL .. ('1',,1' ,,1111'1' ,./;:U".I·l., liallll~ -Hllilllr liIII Ilg,;, 

:'! ~'I:t 't'tl'tJ \\H~ I!;dt_· ttpd lj\" 11l\'a,·,un·lni~!;t'",~ H!~h{)qgh It '\H:--. Hot appal'PIL 
iI-~: \, Il,d ;1;, J,p('lln!L 

CII 1,,1,1. B:.! ,17 
I:.,.) I"" .. I "t'I('I'I,', ),.,[1"111 \\;<ltit 1.:, ft·, t. ,iti •• ,In!,(' ,I :1, j('lIgth ;;0 f!'t", 

[,I.lL"·'" \1:1,', 1:11" I,~ "lid IltidII n:, ('/;;tlll,.. j dIUr"l'i11 ill ,1111'\' IIl1d ('1'''''" ",','. 
! , .. , , Ill. I 11').":11.11 ;,Ld "'lIl"uth" ..1' all ti""", HI til!' jHJuJj'atol'~'. 

J.; :'l) 1,':1'" '"Vdl j·lll, }'~:Ut y.tJ.>ix iff "tli':! rI"'WI/tI', '_'IJlI (0111. (i)'!l!"-";' 

:lh"q! :.! n,I'I. hI~h~ l~tl 'It'lll pl"l' ;~qtl~Ut* fnul. HI'JJ(tal'aIU·p that oJ' a .~l'azP\1 
,';tllll!' (Ii,'" :.! II. S .. :! lilll!, 
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foot (fig. 25). Growth of g't'!iSS hud not l.JN!Il afl'ectcd by metal chanllel walls, 
which had been Cl'cctccl about a month bcfore tcsts. COVCl' very uniform. 
~oil til·m. .'Equipmcnt: 3-foot II-flume (fol' measuring discharge into channels), I-foot 
H-llume (for measllring discharge out of channel in tests 1-4), point gage:;. 

DUI'ing each test three men made watcr-surface measurement!! simultane
ously at thrce stations, each making one. There were two 10-foot reaches. 

Vegetation was entircly submergcd (fig. 25) except dming first two tests 
on each channel, when submergencc was cstimated to have been at least 75 
PCI·CCllt. Wutel' SUl'LUCC was rough in all ct\ses, and was "frothy" in channel 
1 during tests 10-12 and in chunnel 2 dUring tests 11-14. Vulues of n in fail' 
ugl'eement with those for trapczoidal channels having similur linings. For 
the highel' VR values, the agreement is excellent. 

Vel'y Iittlc scoltr was apparcnt on visual inspection. MeasLlrements showed 
a Ii ttlc el'osion. 

SUI'PLY CANAL, TANGENT UEAC\[ 
Bcd slope 0.2 pCl'Cel1t, bottom width ,j fect, sidc slollc 1.5 :1, length of reach 

90.U2 fcct, planted in 1937 by sodding. CI'OSS scction and slope fairly uniform. 
FJJ:/wl'illtent 4, An{juHt allll Sl'ptelllbcl' l!J!'(J, {jl'ltSS Yl'c(!n, kCllt cut.-GI·ass 

3 'l2 to 4 inches long, I(jU stems pel' square foot. 
Equipmcnt: 2-foot modified Parshall flume, point gages. Water-stage 

recorders used lit ends of rellch to check steadiness of flow. 
I"ive rcpeat tests designatcd la, 8a, etc., made as checks on water-surface 

slope. 
Vegetatiol1 on bottom of cannl was submerged by all flows. 'Vater surface 

i'ail'ly smooth fot' all lIows (fig. 2G). Values of Jt in agreement with those 
fOI' othel' channels hllving' similat' linings. 

No seoul' was appal·ent. 
HYIlIlACI.IC BEIIA\'101l OF Bmt~IlJIlA GUASS 

Bermuda g'l'aSH, being very flexible, bends and readily becomes ., 
Kubmet'ged as depth and velocity of flow increase. With cessation 
of flow the stems reassume their erect position rapidly unless 
excessive deposition has occurred. Even if covered with a shallow 
deposit of sediment, Bermuda grass has the capacity to develop 
rapidly into a satisfactory cover. 

These characteristics, prevailing both when the plants are green 

• 

FlGum: 25.-Bcl'nwda grass channels B2-19-2 and B2-19-1 dming test G. 
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FLOW OJ:' w.\'.n.R I); ('H.\~:--;LLS 

!C1l;[ In. :lli.-· I:PlllItlda gTH~,,·1iIll'd lang't'lt! l'l'ill'h or >,upply channel ll:; \'je\\'ed 
u!"l n'HlIl dt1rillg' ll'"l ;;, l'~;"l'l'jllll'nL .1. 

t,ll!! wlwll tlll'Y al't' (/OI'l1Hlllt, 109'l'lhl'l' with the dPll:-dty of thc CO\'Cl' 
vPIlI'I'ally fOl'm!'d alld lIll' I'datin:, l'a::;e and rapidity of covel' 
(::;talili::;hm('lll, nwkp lid::; g'l'a::;::; dl'::;il'HlJlp [OJ' l1~e in channcl~, The 
I (lady llaltl'llillg' of till' ~tl'l1l ..; )ll'()dlll'l'~ a rl'latin·ly ::;l11ooth channel 
:-.1I1' Cael' (Iig, I H, ('), i r thl' chanJlel iJvd il::;elf i~ not rough, which 
I)tr(>I'~ I'l'ln Ii \('1\' Illw I'l':,i:,tallel', 

Thl' ('lIl'\I\~ 1\J1' thl' /1 I'U 1'l'lation 1'01' ('hanlwl::; lined with short 
r I'Pl'Il, silol't c\()I't1WIlt. IOI1J!: g'l'P('Il. and IOllg dormant BCl'I11Uc1it 
): I'll:;:; (lig:;, I ~ alld 1:1) indieatp that thi~ l'('lution difl'ers very 
lit!h, Hl'v()l'(ling to whl'llwl' tIll' gra:;:, i::; gl'pen 01' dormant; practi 
vHll~', Oil!' (,lin'\, \\'!luld :,ul1i('(' 1'01' I'Heh ll'ngtI1, 

,\n illl'l'('asl' ill 1)('<\ l'CHIg'hlll'::;:; dUI'il1g' the final te::;t on channcl 
III I I('d to llll ilH'l'l'llSI' ill till' !'l'tal'dam'c' eOt'llicil'l1t (fig', 1::), Thi:; 
l'l'l'lull j;,; IllIt UIll'ol1lll1lll1 ill \'(',Q'l,tation-lin('cJ I'Hl'th ehanlwl::;. 

~T \1I11.l'n OF \ CII V" ',II. LI"EIl \\ 1'1'11 BEH'II'!)" GH\SS 
I.(),r; (;1:1'1-:" (:IL\SS 

•.\ pInt t ill,Q' or .";('(Jlll' raIl';'; agaill:,l \'l'loeil il'1'l for Ih'e channcds 
lilH'd with lOll,!!.' ,l!Tl'('1I I!l'rl11lHla gTll';::;, 1)I'l';';l'111I'tI as 1ig'1I1't' 27, 
iil\t;,;lt'a!{'s thl' dillivull,\' (If t'l'ltimatillg Ilvl'mi::;silJl(' \'(,Indtie::; fl'om 
::;1ll'1t data aIont'. Sl'OUI' ralt' appl'HI'S to (Ipel't't\::;e nrtc'I.' long ,!!.'I'aSS 
is rh()I'()IlJ.!'hl~' Ilattl'll('tI, .Asid(' from this, no eOI.'l't'lation is HP
l,al'Pllt 1ll'I \\'('('11 \'plo('ity all(/ Sl'Cllll' ratl'. 

TIll' I'I'HS(JI1 fol' (hi;,; lack or l'lll'l'l'laLion nIH\' Ii!' .in the nl('thoc1 
or dl'll'l'nlinillP: ;';('0 {I I' 1'11[";';, AI'l a iJasi::; I'O{' e(JI11]lutil1.Q' a rilte fol' 
tIll' ('ntil'I' dIHIlIII'I. l'l1ll1l,!.''l' ill ('11:111111'1 lJ('d <lu!' tn :;('0111' 01' dl'po:·;j
lilll\ \\':t" c1"I('\'tlIiIIPd al 1I1l1,\' a 1'1'\\' I'llatioll::;, In :Iddition, it i...; 
Iwlil'\'(·d I hat I hI' appal'at II;'; and Illl' olJ;';l'l'dng h'I'i1uiqlll' W('I'(, lIot 
\ ('l'Y ""lIil:tld,' COl' d"jl'l'llIillillv small ('hang!';,; in r1l']llh. Stud,\' of 
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a la,rge number of the diagrams made show~ that scour rates 
,r higher than 0.2 inch per hour usually are definIte rates increasing 

with velocity of flow but that lower rates scatter considerably. 
, Sometimes higher scour rates resulted from low flows than from • 

succeeding high flows. This was probably due to "wash-off" of 
loose material present on the channel surface when the tests began. 

A careful study of the data suggests the following as permissible 
velocities of flow for channels, similar to those used in the experi
ments, lined with long green Bermuda grass: Slopes up to and 
including 10 percent, 8 feet per second; slopes over 10 and up to 
20 percent, 7 feet per second. These velocities are recommended 
only for channels free from sharp irregularities in cross section, 
dinement, slope, or bed surface and having dense, uniform stands 
of vegetation. 

SHonT GnEEN GnASS 

Permissible velocities of flow for channels lined with short 
Bermuda grass differ according to whether the grass has just been 
mowed after being allowed to grow long or has been kept short by 
repeated mowing. 

Channel B1-5, experiment 2, is an example of a waterway in 
which the grass has been kept short. It withstood a flow of 8.7 
feet per second with practically no erosion. The permissible 
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FIGURE 27.-Scolll· rate in relation to velocity of flow, for channels lined with 
long green Bermuda grass. Plus quantities indicate scour; minus quantities, .' 

deposition. Figures beside symbols lire test numbers. On inspection of the 

channels, these observations were made: Bl-2, some scour over entire channel, 

six small holes 3 inches deep, grass thinned; Bl-3, no serious damage, grass 

thinned, some scour, two small holes 2 inches deep; Bl-5, slight unifol'm seoul', 

no apparent damage; B2-7, practically no scour, grass thinned slightly; B2-8, 


no seoul' al)pal'cnt. 
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FLOW OF WATER IN CHANNELS 

velocity for a channel having a bed slope of 10 percent or less and 
a weU-maintained lining in this state is at least 9 feet per second . 

Channel B1-6 was mowed just before being tested. Scour at 
high rates resulted from velocities between 5 and 6 feet per second. 
These are rather low velocity figures for this type of cover, but 
it should be noted that the channel had a slope of 20 percent. 
Velocity of flow for a smooth, regular channel of this type and 
steepness having a dense, uniform cover should not exceed 5 feet 
per second. Channels with less than 10-percent slope having 
linings of Bermuda grass recently cut for the first time probably 
can withstand flows of 6.5 feet per second. 

LONG nOII:\/ANT (:RASS 

Two of the most complete failures occurred in channels lined 
with Bermuda grass that was dormant and long. However, these 
channels were the steepest tested. During experiment 2 on chan
nel B1-1, which had a 23.7-percent slope, a high rate of soil loss 
was associated with a velocity of only 5.7 feet per second. This 
channel was l:iomewhat irregular. For a very steep, rough channel 
lmed with long dormant Bermuda grass the velocity of flow should 
probably be limited to 5 feet per second. 

'l'he channel with 20-percent slope, B1-2, failed completely in 
experiment 2 under a velocity of 9.3 feet per second after only 30 
minutes of flow. The lower 20-foot portion of the channel was for 
the most part washed bare of sod. Examination revealed that the 
sod had never rooted to the subsoil, although it had been in place 
21h years. The failure in this February test may have been due 
in part to development of a plane of weakness at the base of the 
sod layer through frost action. 

Channel B1--3, with 10-percent slope, under long dormant Ber
mucla grass (experiment 2) withstood velocities of more than 8 
feet per second without serious damage. Some holes appeared in 
the channel bottom, but none of these were very lurJ{e. 

Study of tho data available suggests that the follOWIng velocities 
of flow m'e permissible for relatively smooth channels lined with 
long dormant Bermuda grass in exceUent condition: Slopes of 10 
percent and less, 8 feet pel' second; slopes of 10 to 20 percent, 6 
Jeet per second. 

snORT nORMANT ,:RASS 

Channels having dormant Bermuda grass linings that had been 
kept cut, the B2-19 series, carried flows of velocities as great as 
7.6 feet per second with negligible scour. It is believed that for 
a channel having a good lining of this kind a velocity of 8 feet 
per second is permissible. 

The channel having a lining of dormant stubble, B2-7-3, was 
subjected to velocities as high as 6.7 feet pel' second without 
serious damage. However, study of this channel gave rise to the 
opinion that 6.0 feet per second is the maximum velocity of flow 
to which a recently cut dormant Bermuda grass lining should be 
exposed. This applies to smooth, regular channels having dense, 
uniform covers and subjected only to flows of relatively short 
duration. 
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CENTIPEDE GRASS EXPERLUENTS 
Centipede grass forms a heavy sod and is especially adapted to 

the Gulf Coast Region. It competes successfully with other vege
tation, but its spread can be checked by plowing. Therefore it 
offers promise as a grass to be used for lining channels in localities 
where farmers object to the vigorous spreading characteristics of 
Bermuda grass. It is not generally recommended for pastures, 
but offers promise for use where a turf is desired on droughty 
soil of low fertility. 

One channel was sprigged with centipede. grass, and was tested 
both when the grass was green and when it was dormant. 

Experimental conditions and results for the channel1ined with 
centipede grass are presented in table 5, and further informa
tion regarding the experiment on this channel is summarized in 
the following material in small type.. The r~lation between nand 
v'R for long centipede grass is shown in figure 28 . 

• 3 
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FIGURE 28.-Relation of Manning's 1/ and VR for a channel (Bl-4) lined 
with uncut centipede gl'ass averaging 6 inches in length and 160 stems per 
square foot, in contl'ast with that for channels lined with long green Bermuda 
grass. Nominal dimeIH;ions of channel: Bcd slope 10 percent, bottom width 1.5 
feet, !;ide slope 1.5:1. Vegetation completely submerged by all flows. Value 
plotted for experiment 2 is average for tests 2 to 5, in all of which discharge 

was approximately the same. 

RECOlm OF EXI·F.IlJ;\IENTS 

CHANNEL Bl-4 
Bed slope 10 percent, bottom width 1.5 feet, side slope 1.5 :1, length 50 feet, 

planted April 1938 by sprigging. Channel very uniform in cross section, 
slope, and alinement. 

• 


• 


• 

FJ.l'pcl·hne1If I, AltfJust .lO,'lf), fJmss [J)'('('1t etl1el Wlcut.-Grass, on averagc, ii 

inches long, 160 stem!; pCI' square foot (fig. 2!)). Soil soft. 
Equipment: 2-ioot modified Pm'shall flume, point gages. 
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DllI'ing ('II<.'h tcst thrce men made watcl'-sul'fare I1lNISUl'ements liimul
taneollsly lit three statiOI1I'. each makillg two at the same station. Thcrc wen' 
two lo-rovt I'c!H:hl's. 

Vcgetation wali submet'ged dUl'ing all te:::ts. Gl'aSS stcms f1altcned an·l 
shingled readily (fig. 30, it). Water surface was rough fOI' first test and • 

• 

PI(]UUE 2!l.-Celltipedc grass channel Bt-4 

before expel'iment L 

ll('camc ,'oug-her as flow increased (fig, an, n) until it \\'a:-; cxtremely rough 
1'01' final tl'St. Some aeration along- channel edgc,;, Values of H ap[lroximatl' 
those 1'01' IOllg grecn Bcrmuda gn\,;~, 

Pl'aelically nn cl.'osion OCl~ul'l'ed, .-\ few small spots wCl'e crodcd along left 
edgc of channel boLtom, Vegetation remained intat:t. 

E:,1'71Cl'i1llCUt .1, /I'l'/II'IlIII'11 .l!J4IJ, unlS,~ c/o/'II[(('lIl alld 100cHt.-Gl'ass, on aver
age, (j inehes long, HiO stems pel' squarc foot. Soil soft, 

Equipment and observational techniquc samc as in cxpcrimcnt 1. Expcri
ment deviated from thc ordinary in that fivc tests of about the same discharga 
:tlld dUJ'ation \I't'rt' conducted, onc daily fot: five cOI1!';ccutivc days, 

\'eg'etation was suiJmel'ge{\ during' all tcsts, Watcr surfacc vCl'y rough, 
S('lf-!Il'I'aliol1 ()('CUI'I't'(1. Value or II pnwtirally constant for all fivc tests and 
alnlOt't idelllit:al with that fot' long' dormant Bermuda g'l'aSS at the same Fit 
valtH', •

Aftt'I' lilt' It':,l,; the ('hnnnci \\,11'; :'till in VCI'y good condition, Thcre were 
about six lilli'" ,;pots ,dong tl1(' It·ft l'dgl'. avel'aging ,l inehcs in diamctcI' and 
l]Hving a mllximunl depth of one-half ilH'h. In seven places thc lining seemed 
to hav(' thinnNI out. At lhe end of the channel the grass had a fraycd 
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appeuml1ce (Iig. 3t). In the spring it was discovered that ubout 70 percent 
of the grass had been killed. It is not known whether this was due to the 
exceptionally cold weather of the 1!J(lU-40 winter 01' to the February tests or _. 
to both. 

• 

FlGUUJo: 31.-Centipede grass channel Bl-4 at 

c:ompletion of expel'iment 2. 

Thun,\!'Lle Th:II,\\'lOll OF CE~TII'El>E GRASS 

Centipede grass resembles Bermuda grass in the physical prop
el,ties having an important bearing on hydl'aulic behavior; it 
forms a dense sod and a uniform cover, and the short uncut vege
tation readily flath'ns to the channel surface under flow and 
qllickly straightt'ns up again when flow ceases. According to the 
ll-VR curves (fig. 28) the two grasses have a similar retarding 
influence on flow of water, Until more data are available, those 
0btainedin this study for Bermuda grass may be used as a guide 
in estimating 11 for centipede grass. , 

STAIIII.ITY OF A CIIP\~EL LI~EII WIT I( CENTII'El>E GRASS 
Centipede grlt"s appears to be a channel lining capable of "tak

ing considerable punishment" fl'om flowing water and continuing 
to afford protection. The del1seness of the sod and the resilient 
character of the stem::; result in high protective capacity. 

Because of its short gl'owth, centipede grass is unlikely to he 

mowed. 


It appears that an uncut green stand of centipede grass is • 
capablc' of taking a v('locity of 9 fret pel' second and that the same 
:,tand when dormant can take n velocity of 8 feet pel' second. These 
t':-ltimatp:.; apply only to ('xcl'llent stand;.; in ulliform channels, hav
ing ;.;IOI)('S !lot gl'l'atcl' than IO percent. that arc subjccted to flo\\,:-; 
of short clllratiol1. 



• 


• 


• 


c'LOW OF WATER 1':-< Cll,\NNEL~ 49 

DA LLiS GRASS-eRA BGRASSEXPERIMENT 
Dallis grass is a long-li\'ed perennial now gaining increasing 

favor as a forage plant for both meadow and pasture. It has a 
strong root system, and its branches grow 2 to 4 feet high, If its 
&eed is added to those of other grasses planted in a channel, the 
resulting co\'cr at1'ords better protection against erosion. Dallis 
grass occurs abundantly from N01'th Carolina to Florida and west 
to Arkansas and Texas. It is one of the best winter-pasture 
grasses for heavy, moist black soils, because it remains green all 
winter where severe frosts do not occur. 

One experimental channel was seeded with Da\1is grass. Only 
11 partial stand was obtained, anel a considerable quantity of crab
grass volullteC'red. It was realized that the same thing was likely 
to occur in ficld channels, therefore the experiment was continued. 

Experimental conditions and rcsults for the channel lined with 
Dallis grass and cl'abgrns!'l are presented in table 6 and further 
II1formal:ion regarding the expf;!riment on this channel is sum
marized in the following material in small type. The relation 
between nand VR for channels lined with long green grass of 
these two species is shown in figure 32. 
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1"I(;l~IU; :12.--Helatiol1 or ~IR<ming's II ant! l'R rOI' u channel (B2-H) line'.! 
with uncut gl't'Cn lJallis gl'ass an:! ci'ahgl'ass averaging 30 inches in length 
and 75 stems pel' squal'e fout. ;'Iiominal dimensions of channel: Bed slope Ii 
Pt'l'c(!nt, bottom width 2 fcd, sidl' slope :3:1. Vegctation was completely 

subnH'l'ge'd by all flows, 

HEGOIW OF EXI'~~III \1 ~:"'T 

ell ,\" ,WI. B~-6 
B('c1 slOjle' () Jll'l'('('llt, \l{):loll1 width:! rel·t, Hide slope a: I, length 50 feel. 

Dallis gl'a';1; piantl'd by :;c('ding ill ~Ial't'h UJ:3S, I'eliecded in :'Ilay IOa8 and twice 
in JUI!(' I!J:lH. Stand:W 1l('I'l'l'l1l Dlllli1; g'l'a,;~, 80 pel'l'l'nt cl'ui>grass, Channel 
rail'i~' uniful:m in "I 0 (ll' and alitwl1lent. The lert side wa:; a little low, and 
n W()Od('ll \1'1111 had to h(' ('I'('('l('<1 along this sid(· to ('ontain tl1l' /low 1'01' It'sls 
;; nnc! Ii. 
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};',t'/Ic!I'iIllCI/t J. Odv/II'I' J!}.IS, urallll 1/.1'('('1/ Itt/d /t/!'t'lIt.-Gt·u!:!s Icng'lh avel'Ugetl 

ao inches, varylnj.:' from 10 to 48 inches. Density uveraged 75 siems per 

square foot. Soil thm to loose (at sides). • 


Equipment: Shurp-cl'ested weiI', string and rod. . 
DUring each test a single observe!' made wuter-surface measurements at 

foul' stations, progressing downstl·eam. There were three lO-foot reaches. 
Vegetation was submerged and watel' surface was rough during all tests. 

Plot of n-VR relation (fig. 32) approximately parallels that of long green
Bermuda grass, but at a higher level. 

Although the long grass t.l!nded to hide the scoured areas by shingling over 

them (fig. 33), numerous holes ami 1'mS ranging in depth from 3 to 5 inches 

wet'e found. Little damage was observed until the fifth test. 


IIYI)JIAULIC BEllA\'1011 OF D,\LLlS GIIASS A~P CIIABGIIASS 

Both Dallis grass aile! crabgrass are flexible, bending and 
flattening readily when subjected to water flow. The flow-retard
ing influence of the long green lining tested was relatively high
higher than that of a long Bermuda grass lining in a similal' 
channel, although the Be:l"mulia grass lining was much more 
dense. Probably the high retarding influence of the Dallis grass 
tmd crabgrass was due in considerable degree to greater length 
of stems.· '1'he high retardance coefficients were due in part to 
roughness of the channel bottom resulting from the erosion that 
took place during the later tests, 

S1~,\B1LlTY OF A CHANNEL LINEP WITH DALLIS GRASS AND CRABGIIASS 

In comparison with other linings, the Dallis grass and crabgrass 
afforded ruther poor protection to the channel. They perrpitted •. 
severe scour to OCcur at a flow velocity of 4.3 feet pel' second.-The . 
tests indicate that for a channel lined with a fair stand of long 
grass of these species a flow velocity of npproximately 3 ~.feet per
second is permissible. " 

KCDZU l~XPERI)rENTS 
Kudzu is a deep-I'ooted, vigorous llcrennial leguminous plant, 

illtroduced from the Orient, that provides a dense cover of vines 
and bl'oad~leafed foliage during the growing season. It drops its 
leaves after the first killing frost in the fall. The fallen leaves, 
together with the vines, fOI'm a heavy layer of absorptive organic 
material that reduces runoff and erosion during the winter. The 
vines grow very rapidly during the spring and summer. Kudzu 
makes hay of excellent quality, with a feeding value as high as 
that of alfalfa, and can be depended upon to yield fairly well 
(;'ach year, since it is not seriollsly affected by seasonal droughts 
(J). It has been used successfully in large natural waterways of 
slight slope where moderate reduction in cross section of waterway
is not objectionable. 

Kudzu has been grown successfully on most of the soils found 
in the Southenst, but is not well adapted to areas having poor 
drainage. It has a wide climatic range, extending from Florida 
to Maryland, but .is best adapted to the middle and lower SQuth, • 
where the growing season is Jong and annual rainfall relatively . 
high. It would be of little value whel'e winter weather is severe 
enough to kill all \'ines back to the original crowns each year. 

An experimental channel lined with kudzu .va!'; subjected to five 
series of tests, at times when the kudzu was in yal'iolls conditions. 
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Gullies m'c sometimes conb'olled in the Southeast by planting 

• 
kudzu along the edges and, after the vegetation becomes estab
lished, plowing in the banks, Often, satisfactory waterways are 
thus developed, The plowing is usually done in the spring when 
the new growth is just starting. It reduces the steepness of the 
sides, and tills the bottom of the gully with soil and kudzu plants 
with the result that the lu,tter become established in the bottom 
and help to stabilize the gully. Plowing is repeated for several 
years until a wide and shallow cross section is achieved. 

In an attempt to evaluate the effects of this practice on the 
Htability of the waterway, the sides of the experimental kudzu 
channel were plowed in on April 1, 1941, when the new growth was 
just beginning to bud. This operation changed the side slopes of 
the channel from 1.5:1 tc approximately 2:1 and the bottom to 
a parabolic section. After the plowing, the channel was rolled, 
At this time the watenvay was bare of covel' except for a few 
scattered, torn-up vines and roots. 

Experimcntal conditions and results for the channel lined with 
kudzu are presented in table 7, and further information regarding 
the experiments on this channel is summarized in the following 
matel'ial in small type. 'rhe variation of Manning's n with 
hydmulic radius for the channel lined with kudzu is shown in 
figure 34. and the relation of Manning's 'It and l'R for this channel 
is shown in figm'e 35. 
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1"HH'ltf: a,I.-Val'iatioll of Manning's 11 with hydmHlic radius for a channel 
(B2-!l) lined with kudzu whcn the lining was in foUl' ditt'cl'cnt e(mditions. 
Nominal dimensions of ehlinnel: Bcd s)ol~Je 3 pet'cent, bottom widlh ,1 feet, 

side slope 1.5:1. 
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'1'ABLE'l.-Expel·i1JlCllla[ conciitions 111/d results for c/wnllel B2-9, lineclwith kudzu 	 ~ 
t:l 

TRAPEZOIDAL SHAPE, BED SLOPE 3 PEHCENT, BOTTOM WIDTH " FEET, SIDE SLOPE 1.5:1 

. 	 I. ...Nominal 	 CoeffielentsI ,t -,,... 	
o:= z 
o0dimensions I E .s::. ~ • ~ 	 >

'1	 t'"--1"" 	 I g .._.,., CI.,.,,, .:
§ 	 a ~ u Co ~ f~ -...;c t;:j
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'D 
t CII. il. Fl. pcr l Ill. per I ~., 

, . • ,pasec. Sq."~. scc•• 1 F!~'t Fc%t .' Fat j.llill. °F. Itol~r. • " ;.~
1.5:1 	 Green. Long" ~ 1 No,. 4.1938 4.19 4.u_ 0.920 I 1.30 I 0.6_0 0.0348 0.86 70 61 0.13' 6.31.0.219 0.140 0.574 

first·season I 2 No,'. 8, 1938 9.48 5.12 1.85 7.63 .671 .031S .95 100 61 .041 12.79 i .1098 .0801: 1.24"" growth. , 3 No\,. 9. 1938 13.7 5.63 2,43' 7.89 .714, .0314 1.05 70 54 .03 16.381 .0864 .0659 f 1.'i4 ~ 
, .j Nov. 10. 1938 19.5 6.73 2.90 8.39 I .8031 .0313 1.17 90 52 .05 18.56' .0783 .0618 i 2.33 -en 

5 ... do,. 24.4 7.36 3.32 8.72 .845 .0322 1.26 75 51 .01 20.34 .0716 .05781 2.80 
~4 1.5:1 2 Green. Long. ( Aug. 2,19,39 2.24 4.0n .548 7.04 .5S1 I .0323 .82 60 74 ',' .03 4.01 .340 .211 I .318 

second. J 	 2 Aug. 3.1939 5.16 6.06 .852 8.10 .750 !.03:11 1.08 60 72 i .04 5.42 .262 ji .178 1 .639 t:l 
"d season 3 Aug. 4, 1~a9 10.2 7.40 1.38 8.68 .8M .03~6 1.25 60 72 .03 8.06 .IS0 .131 J.lS !"'growth. ) 4 Aug. 5. 1939 15.6 S.5S I.S2 9.22 .932 .0354 I 1.40 60 73 I .03 10.06 .146' .111 ,) 1..0t 5 Aug. 7.1939 21.1 9.28 2.28 9.51 .976 .0326 I 1.50 60 70 .03 12.81 .116 i .0904 2.22 oI 6 Aug. 8. 1939 27.2 9.80 2.78 9.78 1.001 .0:16211.58 65 711... 14.78 .1019 i .0812, 2.78 "'l 

4 .. 1.5:1 ' :1 Dormant, 1 Feb. 19.1940 1.17 1.64 .716 5.39 .304! .0290 040 40 44, .01 I 7.69 .159 .0923! .218 
Heavy 2 Feb. 20. 1940 2.9S 2.38 1.25 5.87 .406' .Q31'; .55 39 47 i .08; 11.08 .116 .0756 .50S > 
mUlch of 3 ., .do., .. " 4.~2 2.86 1.72 6.24 .459 .033Q .63 40 47! .181 14.00 .0934 .0648 .789 
vines 4 Feb. 21.1940 10.20 :1.62 2.82 6.67 .543 .03271 .78 40 46! .OS, 21.21 .0634 .04S4 1.53 :s 
and , 5 .. , .do ... , '15.18 4.53 3.35 7.21 .628 .03:H .94 41 46 ' .121 23.10 .0596 .0470 2.10 o 
leuves. 6 Feb. 23. 1940 20.34 5,47 3.72 7.68 .713 .0336 ! 1.05 41 44 .22 24.10 .0583 .0472 2.65 c::! 	

o 

t'"7 ....do...... 25.19 6.02 4.18 7.95 .757 .0319 j 1.18 41 44 .22 I 26.92 .0529 .0437 3.16 
~4 .. 1.0:1 G,·cen. Short,/ ~ 1 Aug. 26.1940 1.20 1.51 .793 5.04 .300 .0314\ .40 77 75 1 .01 I 8.21 .150 .08781 .238 


cut just 2 Aug. 27. 1940 2.74 2.04 1.34 5.52 .370 .0271 .56 43 73: .09! 13.43 .094:1 .0626, .496 
 c:::ebefore 	 :;" ..do..... 4.74 2.52 1.88 5.82 .4;~3 .0267 .67 42 73' .06' 17.52 .0745 .05321 .814 t:ltc.~ting, ~ 	 4 Aug. 28. 1940 /10.02 3.:~0 3.04 6.27 , .526 .0262 .78 41 75: .10' 26.02 .05141 .0405} 1.60 
5 " .. do..... 14.98 4.01 3.74 6.83 .589 .0294 .8S 40 79t·ll 28.46 .0481 I .0390 I' 2.20 
6 Aug. 29. 1940 20.20 4.72 4.28 7.19 1 .657 .0305 .97 40 77 .12 3,0.34 .0459, .0381 2.81 
7 ....do...... 25.03 5.35 4.67 7.52 I .712 .0306 1.07 40 75 t .15 I 31.66 .0446 I .0376 3.32 

'. 
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j1'IGURE 35.-Relation of Manning's nand VR for a channel (B2-9) lined with 

kudzu when the lining was in fOUl" different conditions. Nominal dimensions 


of channel: Bed slope 3 percent, bottom width 4 feet, side slope 1.5: 1. 
 • 

• 

Jt'lGunF. ali.-Kudzu channel B2-9 in November 1f);~8, 9 months after the plant:; 

we!'" set out: ft, Before testing; [t, during test 1, experiment 1. 
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'FLOW 01? WATER IN CHANNELS 

lb:conll (II' EXI'EIIDIENTS 

CIIANN~~L 82-9 
Bcd slope :3 pel'cent, bottom width 4 feet, side slope 1.5 :1, length 50 feet, 

planted Febl'ual'y 1!)38 by setting plants, Channel faidy uniform in cros;; 
sectioll, slope, and alinement, 

Elxjlel'hlll!u/ 1, Nrrvembel' 1.9.'J8, kudzn [JI'een and mwut,-The mass of 
vegetation filled the channel (fig. 36, A). The usual stand count could not be 
made, It was obllerved that, on an avel'age, 10 vines crossed 1 square foot of 
channel, and that five nodes per square foot had Tooted to the channel surface. 
Soil firm, 

I~qlli/lment: 2-foot modifllld Pal'shall flume, string und I'od. 
Dtll'ing each test a single obsel'vel' made watct'-sul'face measurements at 

five stations, pL'ogt'essing downstream. There were foul' 10-foot reaches. 
Vegetation was submerged in central [lortion of channel in all tests, but 

upl'ight vines and leaves tilled considerable portions of the cross section of 
the flow (fig, :.W, IJ), Watel' su!'iace was fairly I'ough for first test and 
bt'came rough(~r until during last test it was vel'y rough, with some rather 
large waves: Curve of II-va relation approximately pal'alleled that for long 
green Bel'mudu gl'ass, but at a much higher level. At completion of experi
ment, n was still decreasing as depth and velocity of flow increased, 

Slight erosion occurred, but channel remained in very good condition, Rates 
or erosion were higher for first two tests than fOl' later tests with higher 
flows, probably because of initial washing out (\f loose material. 

E,';\'/Jel'imcut 2, AUf/list .I!I,W, kncizn [JI'C'C'n allll 'ltllclIt,-Channel was filled 
with a very dem;e growth of kudzu (fig. 37, A). Soil firm. 

I~quipment same as in experiment 1. 
DuL'ing' each test thl'ee men made water-surface memmrements simul

taneously at three stations, each making two at the same station, There were 
two 10-foot I'eaches. 

Vegetation remained erect during first test, completely hiding the water 
snl'face. 'l'hat in center of channel was submerged in second test. More of 
the kudzu was submel'ged by succeeding flows, but in large corner areas the 
vegetation still extended above the water surface, In test 1 the water surface 
was faiL'ly smooth except for small ripples, in later tests it was rough. 
Values of " were at a considerably higher level than in experiment 1, owing 
to increased density of cover. 

The vines and leaves WCl'e pushed to the edges oi the channel or broken 
down in its center. 'l'here was but little scour of the channel bottom (fig, 
:17, lJ), 

El,1'pcI';m£'n! .'1, FellI'lwl'lI 1!IJ,o, knrl:m rlol'mallt,-Channel was covered by 
a heavy mulch of vineH and leaves (fig. 88). Soil firm, unfrozen, 

I~quipment: 2-foot modified Parshall flume, point gages, 
During each test three men made water-surface measurements simul

taneOUSly at three stations, each making two at the same station. There were 
two 10-foot reaches. 

I"low was very rough and very il'regular in all tests (fig, 38), Vegetation 
tended to pile up in clumps and cause a very il'l'egulal' flow pattern. .Flow 
dUl'ing' test 6 was characterized by standing waves approximately 572 inches 
high from trough to crest at stations 12, 18,5, 23,5, 80,5, 37,0, 44.0, and 50,5 
feet from head of channel. During test 7, waves were not so high or so well 
defined. Ploating vegetation blocked out a considerable part of the water 
cross section alollg channel sides. Curve of It.-Va relation considerably lower 
than that for long, green kudzu, 

During early tests much of the loose mulch was washed off channel bottom 
and there was !'lome scour in upJler part of channel and some deposition in 
lower part along edges of flow. The higher flows Jlroduced some erosion and 
It'Lt no deposition, No severe failure Ot'cul'l'ed, but channel bottom was left 
in POOl' condition, 

E,\'/H'ri1/l('/I! 4, ;\/lr}H,~t lInd Se/1tclllbl'l' l.'1J,O, Iwdzlt green ((lid cut.-Cutting 
01' what appeared to be very dense growth revealed that there were very few 
plunts growing on buttom but a good gl'owth on sides of channel. A mass of 
cut leaves and vine:; lay on holtom and side!; of channel (fig, :~(), A), Previolls 
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t(·"l~ had I(·ft ('hnllll!'1 a littI!' il'\'(·g-ular III el'o::;'; ~(·l'tion.. Soil finn. Te:'L:; 

Were made imllll'diately after ('ultillg-. 


[':qllipl11('lIt and ()\'~{'rvati()n l"'{)(,l'[\ure "ame a~ ill experiment a, 

\'('g:C'lalilJlI wa,; tiu['llwlgt·d ('x('('pt at l'dgl''' of ('hanlle! (fig, :lU, fi), Water 


:-urfu{'(' rough 1'01' all tl'-ts. \)ul'ing: lower flows, tlnw palWl'!l \'cry iI'regulur; 
\\atpl' ~{'('nH'd tu wind it-; way bt,twt'('n duml':; of \'t'g:etaliol1. lIig:hel' f1uw!> 
m{)I'(~ lIuii'ol'm. 

V('gHaliIJI, Wa,; \\,ll"lH'd ofl' t'hullIwl bottom, h'!willg: it lwarly harf.' (fig, 3B, 
(' alld f)), Slight ,,('Olll' (){·('UITl·t\ (J\'er mo"t of (.'hannel, and in a few plae!!.; 
1l1l'I'e wall ('l'o"ioll of f.!:l'lmler' depth, 

• 


• 

Flfa Iti-: ::!I, K'ld..:q 1'11:111111'1 n~ !I ill ;\ngll,1 and Sl'pll'mhpl' 1\),10. I'xl'l'l'inH'nt 
1· ,I, \',,-w ,tflpl (·!ltflli~·. )",/,..", It--lillg; I:. VI'-\\' dul'illg: It·,,t :1: (', \'i('\\' aftC'r 

'f"! l. /) I'{<+ t" !l' \ :t""" lIr Ilutiurn a~ COII1]Iit'tinll or tl'sting. 
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DUl'ing each test three men made watel'-sul'face mensurements simul
taneously at three stations, each making two at the same station. There were 
two 10-foot reaches. • 

In test a, watel' sUl'face was rough and flow changed tonsidenlbly, increas
ing in depth and decreasing in width owing to seoul'. In b tests, scour in 
uppel~ reach deepened and nal'l'owed flow during test 1. Dul'ing test 2, flow 
was extremely nonuniform owing til variation in cover and seoul' ilevelopment; 

• 

PIGVln} 43.-Kudzu channel B2-fl on April 18, 

1!J41, nftel' test a of experimcnt 5. 

acceleratilln took place to 25 (eet [1'0111 head of channel, a jump at 25 feet, 
retardation at 25 to 37 feet, an oV('I'fall at :l7 feet, and rough but uniform 
lIow at :17 til 50 feet. III e tests, dul'illg' test 1 the lIow exhibited the same 
characteristics as dul'ing test 2b. Watel' surface was I'ough, and vegetation 
was submerged in center part or chanl1el, During tests 2 and :3, 1I0w was still 
nonuniform but without such slHlI'p hl'eaks as ill te~t 1. In test 4, watel' 
sut:face was rough lind flow showed same nonuniforlllity a~ in test 1. In d 
tests, v('getation waR not Rubmcl'ged during' tc~t 1. Flow wm; hidden. In 
sc('ond test (4<1). flnw Rubmel'g:cd the vine~ and wa~ rough but uniform, The 
three latel" flowl; wel'c I'ouglt but raidy uniform, 

During these te~t;;, II \'::llue:-l iJ1cl'ell:-led as kudzu became reestablished. 
L<:tl'ect Ill' t.c~t fI(lw~ on channel: In tl'st a, ehalllll'l was eroded considel'ably 

(fig'.4:H., In test h, ('hannel was ,,('ourcd con~idel'ably in upper portion (fig-, 
40, In ; n1\l('h of til(' sediment waR depof'it(~d in lower reaches of channel. In 
tc~ts e, slig:ht ,,('(HII" oN'ulTed in UppCI' end of channel (fig, 41, lll, and some 
depMition inlow(!I' ('IHI of' wtltt'I'\\'ay, In t('~l" d, pl'Helically no seoul' occurred • 
(fig', ,12, IJ), 

IIYOH,\l'I.IG BEII,\\lOH OF' Kl'oZIJ 

Kudzu has a con:-;il!('rable J'et~\rding influence 011 flow of water, 
becallse its gl'('at !l1a::;!'; of ll'a\'('f; and \'inC's. which do not flatten so 
I'('udily as thosp or Bpl'!l1uda or c('ntipecie grass, occupies a 1'cla

http:IIYOH,\l'I.IG
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l~LOW OF WATER r~ CHANNELS 

livuly hU'ge p~ll·t of the nOSH section 01' the channel and gl'eatly 
disturbs the flow. The reduction in velocity thus effected results 
in increase of depth 01' flow and decrease· in channel capacity. 
With regard to scour, the reduction in velocity may be ad\"an·. 
tageous. It was observed that when subjected to flow the kudzu 
vines tended to roll up into large clumps, which acted as dams 
and obstructions. These clumps create considerable disturbance 
in the deeper, swifter flows. 

In figure 34 the retardance coefficient is seen to vary strikingly 
with age, condition, and treatment of the kudzu. '['he tests on the 
first-year growth yielded relatively high values 01' n. The next 
year's tests yielded still higher values, explained by increased 
number of plants and by growth. The first-year growth in the 
experimental channel was probably the equivalent of 2 years' 
growth in a field waterway; the heavy planting rate and the 
favorable growth conditions at the laboratory promoted very 
rapid establishment. In the second year, the stand achieved what 
is thought to be p;'obably maximum density for this plant. 

When a channel lining of kudzu is dormant, dead leaves and 
stems form a thick mulch on the channel surface (fig. 38) and the 
bulk of vegetation in the channel is considerably less than when 
the plants are green. Accordingly, retal'c1ance of flow is much 
lower. Cutting of the vegetation at this stage leaves the channel 
with still less covel' and results in the lowest'll values. 

ST,\IIIL1TY OF ,\ CII,\NNEL LINED WITH KUDZU 

Kudzu was found to have a much lower protective capacity than 
nny 01' the grasses tested. This, hO\vevel', does not preclude it::; 
use as a lining Jar waterways; other characteristics such itS rapid 
establishment sometimes make it a desirable choice as a channel 
lining, within the permissible range 01' flow velocity. The pro
tective value of kudzu seems to lie chiefly in its property of 
reducing velocities of flow near the soil surface; it provides little 
Hctual protective cover for the surface of a channel. 

A study of the tabulated scour rates and of the general appear
ance of the channel after each test indicates the following veloci
ties as permissible for the val'ious conditions tested: 

Live, heavy gl'owth: 
Fed per second 

Uncut " •.....•........... ,.. 4 

Cut ,,'.' ...... , ......... ' 3 

DOl'nlll·tt, heavy gl'owth, uncut 2.5 
The~C! velocities are clm:;sed as permissible only for demle, uni

form covers in channels free from ::;harp changes in grade, aline
ment, or cross section. Under less favorable conditions, and also 
on the lighter, more sandy soils, channels that are to be lined with 
kudzu should be designed for lower velocities. 

The tests on the dormant vegetation showed that a loose mulch 
has very little capacity for protecting a channel against concen
trated flows. Most of the hea\'y mulch of dead leaves, stems, and 
vines that covered the channel Sllrface was washed away by the 
low first flow. rrhereafter the only cover remaining was the 
vines, bare of leaves, rooted to the channel bed. The vines then 
had much less retarding influence on flow than when they were 
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gl'l'CIl, alld, becallse they WCI'I} scparated by IJHrC arCH;; con:-;lillilill~~ 
u large percentage of the total surface area, offered scant protec
tion to the channel. 

EFFECT OF PL()WI~{; A KCIIZf~-LI:-;EU CHANNEL 

When the altered channel B2-9 was first tested, on April 18. 
1941, before growth of kudzu had started or the soil had settled 
to any considerable degree, a test flow of 0.9 cubic foot per second 
1'01' 40 minutes scoured the channel badly (fig. 43). On May 15, 
when the soil of the repaired channel had become somewhat 
compacted and the vines had made considerable growth, the first 
lIow of 0,9 cubic foot per second for 40 minutes caused scour (fig, 
.10, B) about half as severe as what OCCUlTed during test a. 'The 
second and higher flow had damaging results, On June 2 and 3, 
when the vines covered about 90 percent of the channel area, the 
standard test 1 resulted in no perceptible scour. After the three 
other c tests, in which the flows ranged from 2.65 to 9.3 cubic feet 
per second. testing was stopped because of high scour rates (fig, 
41, B), On June 24, about 12 weeks after the plowing, when a 
good growth of kudzu completely co\'erecl the channel, a discharge 
of 23.4 cubic feet per second caused practically no scour (fig, 
42, B): 

A plotting of retanlance coefficients against hydraulic radiu-; 
for all the tests of the plowing experiment appears in figure 44. 
The increase of the coemcient with time is readily apparent. As 
lhe growth of the vegetation progressed the retarding influence 
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FlGrnF. 44,-Re>lation of )Ianning's It and hydraulic radius at variotn; inten'a!;; 
aner Apl'i! 1, U141, fOI' kudzu channel B~-!), the gides of which were plowed 
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• 

•

hI on that date, and fol' the game> channel at Nll'Ii('1' times, The "before 
plowing" CUI'\'e l'epres(>llts (>::;limates bagei! on results of tests made when the 
kudzu was dOl'mant, Valu~'s fol' first yeaI' (7 months' growth of uncut vines) 

m'e pl'obahle maxima for.' that yNll', 
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inCI'CH!;ed, Al~o plotted in figurc 50 al'e lines of equal discharge 
l'at('~, These illustrate how a flow of given discharge ncce!;~al'ily 
becomel'l deeper if, through increase of vegetal growth, rctardance 
i~ increased, A flow of 0,9 cubic foot pel' second, which had a 
\'elocity of 2.5 feet pel' second 2 weeks after the plowing, was 
slowed to 0,7 foot per second 9 weeks later, The cOl'l'esponding 
1'eduction in velocity of larger flows is not so great, 

A study of' the scour rates shows that the permissible \'elocities 
Increase as covel' incl'eases. .In a bare, unsettled channel, such as 
the experimental channel 2 weeks after its sides were plowed in, 
the soil will be washed away by flows having \'elocities of 1 foot 
pel' !;ccond 01' even It'ss, For a channel lined with a good growth 
of kudzu, such as this channel 12 weeks after the plowing, flow 
\'elocities of at least :1,5 feet per second and probably '1.0 feet pel' 
~econd arc permissible, 

From these :;tucliesit can be concluded that a channel lining of 
kudzu requires at least 8 weeks of growth after plowing to develop 
adequate protective capacity, It can be seen, then, that to plow 
a kudzu-lined channel completely is to take a risk. If a heavy flow 
occurs shortly aftel' the plowing, the channel is likely to be seri
ously gullied, Howe\'cr, if excessive runoff does not take place for 
at least 2 months it may be expected that a good lining capable of 
(,fl'el'ing considerable protection to the channel will develop within 
that time, If a temporary div('r:;inn is provided, this safeguards 
t he channel while the I'eestablishment of kudzu is taking place. 
Ir the sieles only are plowed in and the bottom is left undisturbed, 
with capacity for ordinary \'olunws of runoff, the likelihood of 
i'ailul'(' is reduct'cl. 

CO,\DIOX LESPEDEZ\ EXPEHDlE:\,TS 
Common IPspedezais a slender annual plant, with small leaflets. 

that usually grows prostrnte except in dense stands. It begins to 
grow late in t-ipring, grows most rapidly in midfHlmmer, seeds in 
late slimmer or eal'ly faIl, nnd is killed by the first severe freeze. 
rts optimum range in the United States is the region lying south 
(,f' the Potomac and Ohio Rh'el's and including central and 
southern Missollri and Houtheastel'n Kansas, It is widely used for 
!'oil consen'aUon, and propel' attention to management and to 
combining other crops with it iH likely to lead to its being used 
even more wi(\t'ly in the future (6'). It is probably the most 
wir\('ly useful and prodl1ctiH~ leguminous i'Ot'age crop in the South 
t,nd makes excellC'nt hay, Although perennial plants are usually 
prefQrl'ecl for planting in wah·\,\\,uys, common lespedeza is often 
URNI for this purpose, particulal'1y in meadow-type outlets. 

An extensh'e scrips of experiments was made on common 
ll'spec\pzu, including tet-it:; of uncut gl'pen vegetation. fall dead 
~tubble, spring (\t'ac1 stubble, and cut stubble, 

Experimrntal conditions and J'(?sult:; for the channels lined \\'ith 
('omOlon l0:;pe(\~'za arc pl'('sent('c1 in table 8, and further informa
tion regarding the experiments on these channels is summarized 
in the following mntl'rial in :-;ma11 type, The relation between 11 
<I/Hl l'R for channC'l:-; lined with common lespec1eza is shown in 
figure '15, Dimensions and data on vegetal cover:; for the channels 
t'('I)I'l'Hcnte(\ in figure 45 arp g-h'en in table n, 
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VR 

\"lmJllf] 45.-RelatiOIl of ;\'Ianning's Ii and V R fot, channels lined with common 

lcspedella, Data in each instance are from c)(pel'iment 1. Dimensions and 


vegctation data fOl' the channe;srepresented are given in table 9, 


RF.COIW 0 ... EXI'EIlI'IE~'I'S •CHANNEL 132-2 
Bed slope. II pcrcent, bottom width 2 feet, side slope 3 :1, length 50 feet, 

phinted by seeding' l\Iuy 17, 11)(17, and again June 12, 1987. Channel fairly 
unifol'n1 in CI'OHS section, alinemcnt, and covel'. The right side was a little 
low, and it was necessary to et'ect a wooden wall along' this edge to contain 
the highet' flows within the channel. 

E:r/1cl'i1ll.(,u/ 1, Novi'lI/bcl' J fJ.J7, les{wc/('I!u JlW,~l//J dewl, Uuc/l.t.-Lm\pedella 
averaged probably -1 inches in height, (I(J plants pcr squIIre foot. Soil fil:m 

'1'01' first three tests. Between tests 3 and <I the gt'oltnd froze; dul'ing test ,1 it 
thawed out and becume vel'y soft lind loose, 

I~quipment: Shat'p-crested weiI', string' lind tod, 

TABU) 9,-Dim(,llsioltll ttl/d '1)!'{It:i(li-liniHy con(litio1/,~ 0/ les/I('c/ol!/£ Ch(t1111('/,~ 

from 'I('hie I! tlie (/ct/n I'(!]II'(,S£'II/('cl b1J tho <1l",-l'R cW·Vo.~ in 


/i{lltl'C ·~5 11)('1'(, obtainl!li 


Nominal (Iiml.'ns!ol1~ 	 Slll.1I1 c(I'unl
Time 


Chnll"ui or f.'XIlCI'· 

Stem:-; )HH'

Bell Bollom Side in,.."l Huhd.l Nljtlllrf.' fuot. ,Iolle widlh sllHll' 
---,~ '-"< ._-,," 

/'(1'(.111 Pt.-'tt 	 lurlnls Sum"tl
, 

Lining' grc~n and lJnt'ut: 

B2-5 .. , 2 a:1 ~cpl. .. II 150 

112~15B .' 2 1 Vertlc,,1 .Julle .1',<, 2n~) 


B2-11U • 2 du d~:' .. 4 17 

Lin inK tlentl. uncut: 


1\2-2 2 :1:1 N(IV. 4 31l 

112,15(' 2 VNtical ~llIr. 10 .1:1 


TJillirt~ MI'Vt.;'n t C'ut: t •
H!:!-ll>A 	 2 do Oct. 2 (", 

I Only I,Hlre '(Cm' l'l'nurincll, 
J D(~n~it); good. 
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• 1J>1I11ll! .."dl t\'t a -:Lcd" ,,1',""111'1 luad,· \\all'I-'lltl'al'p llll'a:-ltn'll1l'l1l:- at 
fliid' 1atIiJ!l'~ J1IIIUn' 11 :,.." d4j\\l~,-tlC'altl. Tilt"'lP \\'("Il' thHt(, IIJ .. l'oul l'(Ial'hp:'.. 

\"."·IHtl,,,: \Ia 'tl'ln"'~l'd dtlll!ll!,' all 1,,,1,. Watl'r ~lnr!l('l' \,pry rnug'h. 
11.<'11' 11;t, \ ..)~ itltjl' ""'II' dlll"~' '1'·1·: I :: (fig', IIiI. IIIlI'illg' l!'~l ,I 

I Ill!. ltlt'Taldp l'!lI~lU!1 IW)L !,lact', n\\'~!'!.!· t'~1l11y to tIUl\Vlllg" of the g'l'OllIHl. 

CII \'\,\11. B~-.i 
1:1'<1 -1",,(' ,; l'I'IlI'I'!, !"oIllIlI1 \\Hllh :.! 1"'I'!, ,-idl' ·Illj'l' ;::1. Il'l1g'lh fit) 1'1'('1, 

jtl~tLt ..d h:~ t't'dillf,r .\lay I";, 1~':;7, Hlld ag:alu .Jt1l1l.' l!.!~ IP:ri. ('}'antH'1 faid~ 
llll;('d III III ,'.-.' ,"'\ IlIn, a!lIll'I!lI'IlI, Uti.! \'11\'''1, TIll' h·rt ~idl' 11'11.' n Iillll' lu\\', 
awl a \'1'1 tHai \\lIlId"11 II ali 1\<1 .1 ,,01 til "lliltall, all 111I\\', '''';''''I't tlH' lil',-l. 

h' ,'/Jf , "/III if fl. Sf I,t, 1#f/JI ,$ 'I ; .... Ir '<III tlf :11 !I! I r It lJ I,d ., ,ll'fll ~ Ill1;-'Pl'd(!z:.l, OIl 

a""I:W". II H!d,,' lllll.~, \;,11 1":<111 Il'l 'In,II'p )'''''1 Ilk, 1'j,.1 I, Suil fil'lll, 
1':'l'lI!'IIll'I,l: :-'I>al '1(" ...,.Il't! 1\1'11, .( IlIlg' ::tld I lId, 
i1fllll", 1':jI'll t.. I n 1!1~"!1' "i"'I\(" 11I:ldl' \\illl'I-'lll'ral'l' 1lIl'lL-lll'!'IlH'II[" 111 

1',,'11' --!<lllil" ,1""l!'ll'" Iii)! d"\\Il-ltl'am, Tit,,},!, \\'(']'(':; 1I1·1'1I11t 1'l':ll'llI''', 
\ I't~I'Ld tlttl \\ a qlllnl"l"c't'd dlll"llq.!' all 1111',\ ,- {"\("PIll 1-111' .. luaU t\},PH:-- at l'dgp 

.,1' :!"w. \\'all" '!l't'al',. \('I'\' 1'j1I~dl j"II' all 1,<,·1 ('UIVI' of /1-1',: i'l,latjull 
tal.lIlt,l I" :Pld ,,!:l~ h\!I.tI~ "llJ!'hl'l titan thaI I'oi' a I!lllHl ('IlI'('), "I' IOIll-( g'1.'l·('!1 
1:"1111 Ild,1 ~':I "" • 

\,I'IV :111\" 1"" .. luf] (,,"i, ,.1a"I' lIPid 1",1 I. wlll'l! "nmll bllh'" api'l'al'pti aloll'{ 
"I'L',,,: .. rl'!mJ"wl. \\'two It' ttll\!' Itad 11('(") "llillplt'tpd tliJ!", \'j, II) lllal1~' ~Illall 
",,,<11'11 al(,:! \\!'ll' ("llllIl al"t.!! ,·haldll!. III "llldl :t\-l'I'HJ!'I' ti('plll was nhollt 
,j I:,.,i ... at.ol 11l:t'\tt)PHlI d""th ',}'"1l1 1\ il'l'lu'", 

CII\'\'\I'I. II:! liB 

• 
1:"01 I,,! .. :: 1'1'1 ('('!,1, l".111I1ll width:.! 1'1",1, ,·]tll'.' \'l'lti('a! 1,.. III'l'[·I\\I<tul wal!.·, 

If I'd), h·t,)!!h :;11 rl'pl, I>lall!"" '\Ia~ 1: 1;;" l,y 'l'I,dlll\'(, afl!'1 whklt ,taud had 
Iflttn:talJl~'d ;t ."1' I".' I"t" Vl'dl!'~ 

I·.~ !H ,f ! • .I':~,! :1/.1,11 ':1I0f ,rt ,1/ I~,' "IHI ill,,·ol. J.t· ... I,pdpl.u aVt'I'H}!;l'd 

d "til' 11" \.f"l.dd. ~dltJ!,l 17 t,~aLt ',~·I q'i~tJ to foot" ~lJjl fairly linn. 
i<qll\! lut".! :.! fool I[ ,1111I1tl'. t flllol t.!'-'l,:!"P' 

1).1171:,,-" "a-'n 1'1' t 'iu(',' 1111':. lllad~· ·.'..It'·I--Hlf~ll·P lllPa'H1Pllll'l1t< "'lInul
;.l~.hr'~ Iv :t' 1r ,.,' ta~!~Ij, . ''.It"h llia~i lna: ',~~ nftl' '11 l'at·11 latiult. 'Thpl"P \\'(1'" 

j,~ It It! f, !I'~ ! ~,<t~·l.l· 



tU 'lLl [["fl,\!. HI 1.1.1-::[:-; IJlI7. L.~. [}[.I'T.uF .\(;Rl( I'LI.'l IU; 

• 


• 


• 

FII.II::: 17. /. .. \.,·,j"l.;\ ,·Intl:,..! I!:; ii (,1' j'l'f"n' ("tilll.!' :\IIrI (II, n1'l(,1 

t j ,!,.l ,It.f !, ,1) II r ~ I' t, t It 
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\{'~,,'I,III"II \\;. :10 I{'j """' ·nj'ltil"l;!! d d'l! iug' II'.! I. l'IlIlII'I"Il'I~' >ttl'llIP!'g'l'>! 

• d,t! Hi:.! II'UtHjltlll:..! 11, !. \\"ltll'l ,tt fat'" t!til,l.,dl. L"\l'1 td It V;dtH"" {(I\\' 1J\\'il1l!.' 
to '·IJ;:U Pl:p ..... f,f ('lI\ftj" 

~I'/)lIJ WH' "III,'ld"IUbll', l'I,tIt'hillg' d,'," b "f I. il:l'lil" ill ""111(' "Ial'(''', all" 
:,f.lllit I;; 1.1"1'1'111 "I' tlJI' 1,lant, \\'('n' wa-li('d "Ill (lig', ,IX), 

j 

• 
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C/IANNEL B2-15C 
Bcd slope a pcrccnt, bottom width 2 feet, sides vertical (sheet-metal walls .' 

used), length 50 feet, stand maintained by natural reseeding. 
E;cpC1·iment.1, Mct/'ok 1940, ICR/i(!(lezu dead uncl1t1wnt.-Lespedeza averaged

to inches in length, 43 plant:; (leI' square foot (fig. 40, II). Soil fiml. 
J<;quipment:Fol' measuring inflow, I-foot H-f1ume in tests 1-3, 2-foot 11-

Ilume in othel' tests; for measuring outflow, weighing tank in tests 1-4 1-foot 
H-flume in test 5; point gages. 

'1'hree men made water-surface measurements simultaneously at three 
stations, making one set fOl' e..ll!h of tests 1-6, two sets for each other test. 
Obsel'vcrs did not rotate positions fOI' second measurements. There were 
two lO-foot I·eaches. 

Suhmel'gence of vegetation did not begin until test·l, Dul'ing test 6, 
vegetation still projected above half of water-surface area. High initial It 
was pl'Obably due to influence of mulch on flow only 0.05 foot deep. During 
tests 2-5 n remained pl'!lctically constant, indicating no change in position of 
c1ead stems and leaves as depth of flow increased. Hydraulic behavior during 
tests (j and 7 was influenced by rapid seoul' rate and actual washing out of 
portions of covel'. 

Little 01' 110 SCOLII' occurred during tests 1-4. A little erosion took place 
tllII'ing test 5. In test 6 about a third of the covel' was washed out and 
cllnsidel'nble el'osion took plnce. Channel failed completely in test 7 (fig.
4n, fl). 

• 

FIGURE 4!}.-Lespedeza channel B2-15C, with sheet-metal side walls, (A) 
befol'e testing and Ut) after completion of testing. 

CHANSEL B2-15B • 
Channel description same as that of channel B2-150. 
E.~pc/·il/l('nt I. ./ /(I//, 11),10, ies/i('ci(!zn fl/'('('/l lIIul ulIcH!,-Lespedeza, on 

average, 4lh inches high, 2no plants pel' squal'e fOQt (fig. 50, ;1), Soil firm, 
Equipment: 2-foot H-tlume, point gages, 



11.11\\ OF \\'.\IL£'! r~~ III \-",,1.1. ... 

• 


1.'11,1 HI" ;,11. 1.1'1"'''''1.;( d',II,) d J::.! !:ill, '.\ ;!h '·!If''')·!liI,lal -idl' wall;;, (,\) 
t1f!t~1 tl' t :; cHLd r I: I HfIP)" \'tltIi~ :~.' 'il ,,1' ft· 'H.~. 

• fl,p :r,~ (,'lI"h 11'·1 (Lu'" 1!!I'll l!:a.f,· w.,·, '{; I;,,' 11I1';! 1Jj('lll!'llt., "h11 II I , 
';P<f'Oli I'. at !tIlt·,· -tat.TIJI"'. l".ll"h lllaL:l:;'~ ~,,, at tL~· ~aHIP '·talloll .. Tilt·n· 
'.\14H~ t\I,1 III fllhT n·~u·iH· . 

\"f'i!t·t d tlHtl \\a ·qtltll~·t~-I'lt \\;!i, I·'\·t'!.t-.(,~; of a f"1~W :,-t.PlU"t during; ll'~l I. 
\\ah'l nfan' \\a "H'..·Jl>d \\;~h h~t~r \\" .. p.~ dlit~·;~ 1{ht alld ),t*t,"anlf' 
HJlj~'t.I·f l I~o'<.\ IlI1IP,t L,d liL'lt ;t ~.\a "",·,d.. tih- tll'i~h In tinal tv ...!, 

.\! l'UU rdl'!'lIlll1r tt' t;l',~' (1hr. ;11J. 1:1, ;'Iitd':l·~tfly nu ~·\·tJHr \\a:-- fuond CXl"t'l't 
r. 1I!11' J-d. \\,tu-(p tt lHa~ ila'.t' "I'I't: t'il'l-l,.1 t.y di·lqrt.aIu'p uf !'-oi( in I,JacIug 

1J1t'lal ..,ah .. 
ell \'\,\11, IL! 1:1 \ 

('haII!I.·l d(>"'lqd:tI!~ ;tlflt·~~' tila! 1.1' ,i.aL~,'·! D:! 1;)((. 
I~', fa 'It ~ r f !, {.I, I'I/~, 1" ,I', i, ;j" 4~{.11 I,; I' ,1 tl J/jt rJl' ~ ('litl illg- of' g:oo<l 

t;p,d d' (I I·("'.~.~ had JI,d·~-\·I.f It,~·}.~Jh tu ~l"J':it :.! i:"('I11''', It,;t\ 1lIg" ulIly bul'!' 
~('JJI, >~lj !.l!:.f ('q:1Lf !!1~1tfp. ~!ttlid d" I'! .'It·~t a J,!.'IHHI. 

1':tplipthP!;t: :.! rHul 11·!i'UIU-. f'IJJ!d ~~I;.!'(' >-

IJIIi il'~J' p,.Wi If t f f.H'P It':t"l lIh'ttf' \\ar,,! ':1"1'''1'(1 lnl'~l 'H1P1HPuts simul· 
~at:"fJfl·,l:~- ;tt !!;ft'f" ~.al;'lr~·1 l+ach lll.'ll,,;Lj.!," ".\Ii at llil"illll" ,·tnl ifill, 't'h~l·t· 
',"-IP !\\H In f"H' Jp"!l'( .... 

\4f·~qo!a!?1o! ,\,' 'i;lfll"~!..~l.d d'd'! ~r all t., f 

\\ .It''l d Ll< f' ",' L :'J i:,~L. \\1' r; n"dJ ..\a'~'· 

\'pr:; II!t~t~ ~ 'I'll {l('t' i! !PII. 


11\llItlllll HIII\\lfJH 01· 1:(J\I\lO,\ 1.1'''1'1111'/\ 

• 

(;/,,-'11 ("dldlliJ/l 1",,;111'111'/:1 i:- l'allt,'l' ,..!JIII'I Hnd \l'n' plian\'. It 


t!atll'll- rl';lIli1y :lltd,·;· Ilo\\' and, if :-',illid"lllly d"ll;;(:, fll'odd(';-{ a 

!"""! I"I"I'!' :'''1" a \,!t:llllld "IIl'I'an', III tht' "pl'in,!! lit" dl'ad "tllilbh' 


1'"11,,.( ;[1 '\;1' I,;!-.,. awl 1"lld" tl' 11I"'ilk (III' ('a"il,\' I;lowing' watt'!' 

i:I" 11··!II',j.·:d ill Ihi" \"tllditioll iol» ]''1Ill"hl''';, with tllt' 1'1'~;lIlt that 


l!o\\ ;11'.. '. "IT iJ'rI'~'ldill' 1fl!liI :dl \I'\.'t'latillit Iw,.; 1"'1'11 \\"a-:lH'd Oil! 


,:' !/ I' .'!'dW,'!, TI;I' fall·d"ad ,..Illl.hl,· i..; IJII\ ,,() l'a"il\' iJl'lJ!'!'ll JOO"l' 

1;<1 t"'nll I /11"1',' IllIi]'''I'111 llll\\'. • 

Th· ,'I!""I .. t' ,t.'u·il\ lit' .Iand i- il!l)~lralt'd 1,\' Illt' l'I'''!llt~ flll' 

I i:dl:ll." 1i:2 III: ;tllrl 1::2 I.il:. 111'\'''''1111'1/ ill ti~"lll'l' !l. Tltjl~l' ('hall 
, ,'; Iud 1'"'''' ;l!!d ~"",,,I ,I;ll:d·, I'I"'!""'! ;\I'!\', .d' 111:('.11 gTPPll j,";Pl' 
.;"';1 ,,:' i1!'!'I'''\:III;tll'h ! It., ':lilli' h,·i~"l:t, 1.'''1' ll" ..·.:, 11,:-) t'."d dl'p\, 
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Z== TAIlI,~; lO.-E:t·J!(,1"iIll(·nta/ ('ollClitiolls Cllul )'csulls /01' cham/cis lilled with sel'icea les/lccleza n 
'J'RAl'EZOIDAL SHAPE. BED SLOPE 6 l'EHCENT, BOTTO!'>! WIDTH 2 FEET. SIDE SLOPE 3:1 t"" 

I
i 'C I 	 C 

;.. 

Coefllcient~ t::l 

E 	 t"" 
, 	 ; f:! ~~ ,--_.. :~--- t"" 
u ·C 
o 	 t'l

'" ~~ ? .¥ s: ~ t ~~ (J tit : 'H 
..., 

~ "" ...., 	 " " ~ "" . :.. '" .:: i-':::: 0- :... ~o .. .E s.: 0oU::3.= 
,:, 

~S ~ " 0"" " " " . ~ ~ t....,l~ E~l ~s..= ~ C :.I ~ sa" " :;.:: 	 ;:::.E c::'- ~~ ~ 

1" g:: UiE 	 ...e.. ~ "" ~ g f 1~: ~ E { ~ g~I j ;; :J .;~ ~ 
"i; ~~ {., uo f-,:: c~ E 
;,~ 

~§ :::~ ~~ 0 t o~ :::.= <;t~ u ;; ~ >:. 0"" 	 -<or. ~" -.J'-;O-1-1-"~ --;;--1-1-4-1'5 -1-6- -1-7-18
2 4 	 9_______ 1___·'_ ii 

6 	 ck:2- ---1---1Cu. fl. --, Fl. pcr --- ---:---1
._- -'-n.-p-e-1---1---1---.-r 

VIper scr. Sq. /1 sec. Fect PUI • Fut ,.llill. • F. IlUllr 
' 1 	 Dec. 1. 1937 ~.77 1.5,1 a.o~ 5.31i 0.2~' 10.0;!1 0,43 i 51 4!1 0,49 23~4 0.0517 0.0370 0.872 

, 2 Dec. 2. 1937 7.63 2.11 3.(;1 6.00 .:1l2 I .060 I .55 I 48 41; .26 25.0 .0502 .0:173 1.27 g 
B2-1 _.. DOI'mant. 10Ilg;. a do... J2.8 2.1-· 4.58 6.52 .4';01 .059 I .66 I 4'1 48 .42 28.7 .0450 .0352 1.97 "0 

~ Dec. :I. 1937 15.8 :IAn 4.ii:1 7.10 .402) .061 I .77\ 52 47 .116 26.2 .0505 .0394 2.2:1 ... 
5 Dec. -1.1937 2:1.2 4.4'1 5.24 7.69 .57.i. .06:1 I .9~ 40 46 1.12 27.5 .0490 .0:195 3.02 

H!!-4 G,·cell. I Oct. 6.1938 5A1 2.91 1.$·1 6.87 .HIlI .0Il4S. .65 45 68 .14 Ii.06 .117 .0771 .789 
I 	 oI'
\ 

~ 

lUIlI(, :I Oct. 7. 1~3S 12.8 4,27 !l.OO 7.li5 .;;fin .062;) .S5 50 66 .22 16.16 .08;)6 .0612 1.68 ;.. 
woody. ., -I ." .do .• 16.9 4.S~ 1 3.GI 7.69 .628 .0662 .96 3\1 67 .O~ 17.28 .07!19 .0603 2.20 Cl 

5 Oct. S.19:18 23.:1 5.41 4.2; 7.S!) .tilla .06561' 1.01l 51 61 .25 20.02 .0701 .0550 2.!lIi :e 
_____-i._____ .~ 6 Ocl. 10.1938 27.3 S.IlS 4.56 7.88 .760 .0655 1.20 I 57 65 .21 20.49 .0693 .0554 3.46 (=j 

.:'I~dillm ,2... do .... _ 9.0a a.'ll 2.51 7.15 .5)! .OG5i> I :n/' 55 6S ,20 13.90 .0955 .0671 1.26 

1. 	 c 
t"" ... 
C 
:e 
t:: 



• •• • 
H~;C'l'ANm'LAH :;;lIAPE, HED SLOPE' l'EItCE:-IT, illyrrO)1 WID'l'U 2 FEI~T 

B:! lOl.~ -~-~.~~ IJHrlll~::I~~'"'-~·1-,-7.~~Jr~ ~. 1941 ········_·1· -~:~1~. r' ·~~-.-r '~f '-'T'-'~-" ~') ~ I--,"~-:-~O.G~G ! 0.3.:, i .;,6, O.~J.j I O.Oj.I.! 4. ,!! 5~! o.~, 1 ;;__ :;.1 I O.04.1~ O.O.l~~ ;O.~~h
Sho'·!. :! uo .~.~:) II .4~.l i ;-.J~ j "':-~o .n;;~~ i XI -1J t ~~ t 4j;l} ,_g._o ..04~r; .o~(_~, .,l.:.l'i
cut llre- !{ A:u\ ti. Ul.t 1 -0" .6,11, 3.1. t .aau .0_,'' . 411 I 'W i ._.j 3..64 .(1380 .O ••I~ )1.0.
yiuu.... j.( tIll ~.~~ I .9~,i ~ 4.a~ 1 ..~~~; ..u~I~ 47! 5(! ~ 'l~ .'i7 !'!.j .o~~r,~ .O;8\{ t;.OQ
'al1. !;; Apr. ,no :9·1: ., •• h 1.1.1 5.0. ..... .o~_ :I"l 56 I ._, 40.10 .O!ali .0.00 ,_.~U 

r. do '.5!1 I LaG 5.~S .GlIO .O!GG .10: 5~ i ."0 41.20 .0340 '02\l71~"5 t"'112 10lt (;"(' II. LIII1;!.' \ 1 JUn.;, 1r,. 1!1·11 .:;76 .70 .~~·I .»4~ .O~'ll 4J ~ 6~; -.0: s.a; .14' .090,1 ,287 "" onol yet 2 ~lo 1.0'1 1.1J~ .U~7 .5l~ .01011 41, 6S .01 7.aS .183 .119 .·lUg , 
WtJUtly. ~Julle 17. HJ41 l.~S 1.45 1.30 ... 21 .01211 40 6U -.01 8.58 .164 .116 .!lai <<0:/ 

; 4 do 3.7X 1.70 2.22 .H:i4 .•0333 41. ,0 i .0\\ 13.16 .1l0 .08·jl> .. l.UG ot 5 , .(un~ lS. 1041 5.67 1."." 3.0'\ .uaG! .0,\1 H ·10) iO: .0·1 17.58 .0838 .0674!2.H4 "=:I { 1 1)11Ir. ., 1n'10 .0157 .HII .112 .011 i .Oa32 71 52 • .Oli 2.31 .4)(i .144 .0080 
; 2 ~Iur. 15.1\140 ,1I·19S .20! .2·111 .10'{ t .0326 45; 40 i -.02 4.24 .2.fl .1012 .025'1 ~ 
I 3 ~I"r. IS, 1!'1U .09·10 .27·1 .343 \. .ta~. I .OI2~ 46' 56.'! .06 5.13 .209 .0UGGI.o.I.!! :::...,

4 )Inr. HI. IU·IO ,1712 .:lBG .444' .19Ilj.alll6 :Ill 531 -.03 5.70 .201 .101" .0870 t:i5 .\!t"., 20. HI4 a .28;18) .MS .517 .280 .02ii!l all 52 i .01 5.84 .21:1 .116·1 .145 
1l2-14C DUl"munt) Jong n :II II r. 21. W·lD .il I 00 .7 H .GSG .379 .0274 2:1 51! .06 11.8,1 .1\)0 .11;18 .~60 ::0:: 

'i' MHr. 22. 111·IU 1.0D2 1.0! 1.0.1 .filS .028: 4') 52: .0:1 8.97 ,1r,2 .100a ;555 ..... 
e 

S Mllr. 28.19·10 ! 2.052 1.20 1.71:! .00" I 1l2!H ·10 I 411! .01 12.\11) .1070 .0770 L.O.I Z 
" \ !\ Mlir. 2!l •. HHO I ·1.012 1.:11 3.011 .1;.iI; .O!!!' oil I 52 I -.01 21.90 .06·11 .0506 F.OI n

10 Allr. 2. IU·IO ...0.2 ]..15 4.11i .7·,s .(131:1 41 57 j .20 2n.2~ .0506 .0420 3.o~ ~ r, 11 Apr. a. lU·1O 7.S:;2 1.GO 4.U2 .H:l7 .0'146 H GZ 1.43 27.89 .051R .0435 4.12 :::, \ 1.1 line 25, 11140 .74:1 1.0i .fiU:j .5:14 .O'121i 40,' (;.8 -.05 5.27 ,254 .lIiO .370 Z , .Iune 21i. H'·10 1.14 1.:1·1 .S52 .GUr. .0312 4Q 117 .01 5.U4 .234 .156 .566 
JI~-14U Green. lon~ .. · ',' .1 II n<' 2X.IU.1O 2.14 1.53 ].41) .762 .O'!: I 40 117 -.19 \).10 .15ti .112 1.07 Z 

t'lJuly 1. 19·10 ,1.1r. 1.72 2 . .J~ .Rr.:! .029;; .111. I;~ .05 15.:18 .09·" .0738 2.07 
5 .Iuly 2.111·10 11.37 ].91 3.211 .11Il·1 .11302 40 70 ~ .or. 19.:14 .071n .0627 3.17 t-< 

1l~·14A Grt'i,ln. , I 0 ·t. !I. 11140 .G65 .42G l.51i .215 .034" 41 f,1I .OJ 18.17 .OS:H .04 t:I .335 
VI 

Sh,.r!. , 2 I (l.·t. HI. 1\1·10 1.1 0 .5 Ul 2.1(; .250 .0'152 41;;9 .07 22.72 .052:1 .0368 .557 
cut O(·rort! I :! . Oct. ) I. l!140 2.2·1 .70: a.20 .M4 .0%2 41 I 5, .0:1 28.70 .0438 .oa36 1.t3 
tlslil1J,r. 1j .j loot. 12. 1\'·10 . 4.1·1 .!l5Ij 4.33 .0182 .O·Mil 41 I' 511 i .0. 33.74 .03\1·1 .0:122 2.09

I! 5 0,·(. 1·1. UI·IO 1 1l.20 1.1H 5.·16 .575 .O:\a.j ·IJ 60 l .05 JlU.Gl .0:14; .02(IG 3.14 
. G do 8.50 1.33 6.4U .670 .0;122 42 62 I .on 43.77 .03l.9 .0282 \4.29 

-::] 
01 
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in channds of 3-percent slope the retardance coeflicients werc 
0.028 and 0.050. li'or shallower flo\vs the difference was much 
greater. • 

Cutting a good stand of green lespedeza to 2-inch length, so 
that only bare stems remained, in channel B2-15A lowered the 
ll!tardance coetncient for flows deeper than 0.5 foot on a 3-percent 
~ lope to less than 0.025. Fairly high n values were obtained for 
good stands that were green and uncut (fig. <15). The 'I~-VR 
curve established for long green Bermuda grass (fig. 12, C) lies 
between these for Imlpedeza and approximates their shape. 

Results of the tests made on the stubble that remained after 

cutting of the vegetation in channel B2-15A are rather surprising. 

Although there was not much cover on the channel surface to 

protect it from erosion, a flow velocity of more than 7 feet pel' 

second caused very little damage. The low scour rate was prob

ably due to the very firm condition of the channel bed. In view of 

the results obtained on the other channels it is believed that the 

pCI'missible velocity for this type of lining is not greater than 4.5 

feet pel' second. 


The permissible-velocity figures suggested apply only to chan

nels of uniform alinement, slope, and cross section that have good 

stands of vegetation and are subject to flows of short duration. 

For channels not meding this description, permissible velocities 

al'(' iower. 

Compal'ison of the experimental results for the two channels • 
lined with uncut dead lespedeza. is ditncult because the channels . 
difl'ered in shape and :·;lope ancl the range of VR values was not 
the same 1'01' both. The difference in results evident in figure 45 
may be attl'ibutecl to actual removal of vegetation from channel 
B2-15C. The final test flow cHugecl complete failure (fig. 49, R). 

S'I'AIlII.I'I't' ()II ,\ CII"~"\,EL LI:-;EO WITII CO\DIOS LESI'EIlEZA 

The scour rates obtained in the tests on lespedeza linings rf'

vealed that an uncut green lining gives a waterway fairly good 

protection. ChantwlS 82-5 and 132-158 both withstood a velocity 

of more than 5 fed pel' second without appreciable damage. The 

permissible velocity of flow when the vegetation is in this concli

tion i:; about 5.G feet per second. 


Results of the tests made on channel B2-15C in the spring show 
that a lining of dead lespedeza stubble gives a channel practically 
110 pl·otection. The J)ermii:,sible velocity for a lining in this COl1(li 

t:ion is approxmately 1 foot per second. In the fall, however, the 
protective capacity of the dead stubble h; much greater. The 
results of the tl'sts on channel B2-2 indicate that thl' permissible 
velocity for fall-cleacl stubble may be as high as 3.5 feet per 
second. The exc('ssively high scour rate during test 4 on this 
channel resulted from a heavy frost that occurred the night before. 
When the watl'r was discharged down the channel in the moming • 
the surface soil thawed out and was quickly eroded from the 
channel bed. 


SEIHCEA LESPEDEZA EXPERnmXTS 

Sericea l('spedvza is a deep-rooted perennial legume. Plants 


grown from broadcast seed may attain heights of 12 to 18 inches 
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• 
the first ypat' i r wea ther condi lions al'c fa \'0 I'a llle, and in the second 
Y('HI' lIsually develop into a dense, \Veil-branched stand hadng a 
height or from 2 to [) feet, according to moisture and soil cOI1(Ii
Lions, Sericea lespedeza is valuable as a pasture and hay crop, 
Spring growth is mpid, and if the herbage is cut early it makes 
excellent hay, In the soil conservation program sel'icea has been 
found very useful for the region to which it is adapted (7). It has 
uepn employed extensively £01' lining waterways of the meadow 
type, So far as present knowledge goes, the plant appears to be 
adapted to the territory from perhaps 100 miles north of the 
Ohio River to the Gulf of Mexico and from the Atlantic coast to 
central Kansas and Oklahoma. 

Because of its impol'tance, sericea lespedeza was subjected to 
an extensive sel'i(;s of tests in growth conditions including long 
dormant, stubble, uncut green, [t'eshly cut green, and green with 
:wmf} growth since cutting, 

Experimental conditions and results for the channels lined with 
sericea lespedeza are presented in table 10, and further informa
tion I'egarding the (lxpel'iments on these channels is summarized 
in the following matel'ial in small type. The relation between n 
and V R for long and short gl'een and short dormant sericea 
lespedcza is shown in figure 51, t'l. and that fol' long dormant seri 
cea lespedeza in figurc 51, B. Dimensions and \'egetal-lining condi
lions of' the channels I'cpn:'sented in figure 58 are given in table 11. 

'1',\IlL~~ lL----f)tllll'mliClllH r!lld "('fJdal-lilli/lo ('(}lIditi()II,~ of ('/'101It<'18 filled with 

8(Ticelt {r!'~/Jed(';:(I, from lI'IIi<'h the dCl.ln relJl'csc'Hled by the' II.,,,-VR 


ClLn'(',~ ill liyw'r! 5J U'('I'(, obtailled 


stllnd count 
Linin~~ t'onditiul\ ilnd l'htlon~l 

UuUurn H"iI;ht . St,'n" lIer 
Width tiqun I'e root 

PULl lit "',/ I,It/lfs Sum/J('r
V.,·::,...otntwn hHj~ lHlIl ~.l'lj"ll: 

II~ 11111 3 2 ~V(·l·th·nl 22 80 
II~ lIB :3 ~ do 16 1:15

VN!{'iatiun luns.r nntl do:mnHt: 
112 I 2 'i· t IS , 1:1
IU !iC' 2 V"t:rlit·al 17 ss 

\*(>,:!('latioll short nnd g-n1PH! 

II:! ., 
 r. ~ 'i· 1 r. (II
Il:! !L\ 3 2 : \·~:.·li~·nl 2 t!lJ 

Vt·~"t~tnt'UJl ~hort tHHI .lorrnnnt! 
B~ 10(' 1 , 5H 

l No. ('ount., ~taT111 dl\!'H'riht'll no::;. J,.!'HOIt. wHody. 
~. Non, utlnt. .stun,I. ,oul ju ... t bl·!Ort· h· .... h. ·l~"\ -dbl'cI ao \l't·y g-ood. 
t"!lUiu~ in tltt'('l'lhtl~ Call had :l'!t only ... tiff ~t:l~ks. 

IhcOHIl OF 1':'\1'1'1:1\1 EYI'S 

• 

CIU:-;'I':I, B2-1 


Bcd ;;lopl' (j jll'I'cl'nl, Imllom width ~ f(,('t, ,.ide ~.l()l'(' :l:l, ll'ngth 50 fCl't. 

jllaut('(1 ~hl\' [7, 1\):17, hy ;;('P<iillj.t, Challlll'l f;lirly 1I11ifol'I1J ill ('I'M;; );('l'tlOll, 

;;101ll', and nJi,wnlC'nl. The I:i.gill ;;i(l(' \Va" a litlll' 10\\" and a wood ;;ide wall 
Wa;; PI,(,('tt'd along it III {'oulinl' til(.' highl'!' flo\\,,, to till' ('hanncl. 

F}."/I/"'illll'lil I, f)('('I'II'//f'" /'/,/7, "('!ldttli"l1 dO/'l/I(/II/ {wd Il/Iclll,--Sel'i!:l'a 
lesp('(lezH, 011 a\'('I'[lgl', Jll'ohahly IS in<'iw!' high, 1:1 plants 11('1' :-:qU<lI'C fooL 
Soil rai l'Iy fil'ln. 
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1':qlliplll('lIl: Hha rp-t'rl'sl('t! W(·j I', sll'i Ill,\' and lud. 
Ihll'illg' ('Heh It'st a single ohscrvcl' madc water-1HII'fm'c mCilsul'clllcnls al 

fUll r statiolls, 11I'og-I'l'Hsi ng <ioWn:,tl'eam, 'l'hcl'l' were th I'(,l' lO-foot J'I:llches, 
~lost of vegetation I'enlained el'ect fOl' first two iest:l (fig. 52). No recol'd 

twailuhle of vcg(·tation's behavior in test:; 3 and .1; it 1:1 believed thut only •
vl'g'claLioll in cente.!' portion or channel w.\s submcrged, Watcl' :;urfacc "CI'Y 

• 
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L"IC:Uf(~~ 51.····R(·llltion of i\r:\Jlning's n l\nd l'R fOl' channels lined with (A) 
long grccn, shol't g'n~CI1, and shol t dOl'mant sl'J'icea lespedeza and (JJ) long 
dOI'maul sl't'ic('Jl le"Il('dpUl, Vl'g'l!tation in channel n:l-l 1'l'l11ainedeJ'ect during' 

lests 1 llnd 2; rOt' the othel' tests, no I'ecoi'd is available, 
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• 
I'ough fOI' all tests. The fact lhat vulues of n were unusually low even for 
first two tests cun be atll'ibuted to sTHll'seneS5 of covel:, Value of 'It did not 
decl'ease much when submel'gence increased, Jlrobably because of increase of 
bed roughness by SCOUI·. 

Considerable SCOUl' occuned. 
CH'\~~EL B2-4 

Bcd slope (j percent, bottom width 2 feet, side slope 3 :1, length 50 feet, 
planted May 17, 1937, by seeding, Channel fairly regular ill cross sectifJn, 
slope, lind alinement, The left side was low, and a wood side wall was erecte.l 
along it to confine the higher flows to the channel. 

B.tpcl"imcnL 1, Octobr/' Il}.JS, v(!ueiniiQII U/'(!('/L uuci cut.-Cutting, 2 months 
befol'e testing, had reduced height of sel'icea leslledeza to about (j inches, 
Some new l,p:owth had taken place, but vegetation' was still relatively short, 
No stanci count made; tlllcut stand <Ies('I'ibed as good. Soil firm, 

Equipment: Sharp-crested weir, string and rod. 
During each test a single observer made watm'-sul'face meusuremellts aL 

raui: stations, 11I'ogressing downstJ'cam, There were three la-foot reaches. 
Vegetution wus submerged during all tests. Wuter slIl'faee vel'y rough, 

Som~ stalks stood up against flow alld c311sed splashes (j inches high. 
Some seOllr look place, A fai!'ly large number of holes in lhe ehannel 

bot.tom WIlI'e mOl'e than 3 inches decp (fig. 53). 
CII'\:'I~EL B2-10C 

Bcd slopc 3 percent, bott()m width 2 f~et, sides vel,ticul (sheet-metal side 
walls used), lengih 50 feet, planted ?lIay 193!) by seeding. Chunnel very
regular in cross section, slope, and alinemcnt. 

• 

• 

FIGl'UP' 52,-,·Sel'itca I~sp(;lleza channel 132-1 during lc";i 2. 
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F..'x/icl·illtcnt 1, Apl'il 19.';1, t'('ve/lLtion rlorm(1llt cnul cut.-Cutting, in pre
ceding fall, hud left only stiff stalks about 1 inch high. Average density 50 
stems [leI' squal'e foot. Soil slightly disturbed where metal walls had been • 
('rected a fl,!w weeks before tests. Channel bed co\'ered with fairly thick mulch 
of dead leaves and stem (fig. 5·1, A). 

FIGUUE 53.-Sel'icel\ lespedeza channel B2-4 
aftci' completion of testing. 

I~quipment: 2-foot H-flunw, point guges. 
Dlll'inl{ each test three men made water-surface measurements simul

taneollsly at three stations, each man making one at each station. There 
Wel'e two lO-foot l'eaches. 

Veg(1tallon was sllumel'ged during all lests. Water surface rough during 
all tests. 

Loos(' mulc::h on channel bed was washed out during beginning of low first 
flow. Channel was eroded vel'Y uniformly ovel' entire length. Numerous 
holt's, onc-half to 1 inch deep and 3 to 6 inches in. diametel', scoured at intervals 
of U to 18 inches over entil'e channel bottom, giving bottom a rOllgh, pitted 
appeal'ance. ;\[ost l'oots exposed to depth of 1 to 2 inches. Scour slightly 
g'l'eatCl' n£:ar side walls, owing' to disturbance of soil by installation. Very 
lIttle 01: no material deposited in channel (fig. 5·1, lJ). 

CIU~"'EI. B2-':lOB 
Channel deSCription same as that of channel B2-10C. 
B.!'/II'I·ill1C'llt 1, JUIIC ]lIP, l'('{JI'IU/iO)! VI'(,CI! (mel Hll(,lCt.-Stcms, on average, 

~2 inches long, and not yet woody (fig. 55, ..I). Density 80 stems per square 
foot. Sh('~,t-l1l~'tnl side wall,; had not an'('cted plants, having' been erected • 
about .2 weeks ]){'[Ol't' tl'stS. Soil slightly disturbed where walls had bcen 
i list aUt'd. 

1';I(uiplllC'llt: 2-fnot JI-flullW, point gages. 
f)ul'illg: ('neh tp;,;t thn'(' llWll llu\dl' watel'-HIl'facc ll\('asuI'cnH~l1ls simul

tlllll'lJusly at thl'C't' stations, ('H('h man making onc at cach station. There were 
twn IO·fuol I'ea(·he;;. 



I I II \ \ !) ,. \ \ \ [Lk 1\, \ I L \ :\ .:\ I'. L:i 

• 


• 


• 

,'!" Ill;-,( :-;,." •.•. ;( I·· """~a ,l.alll"f r::.! [II(' 1.1) (,,·t'tll'l' [t· ... liug' alld (Ii) 

~ll I 'J1I 11'1 !')~i H( ~t'~tin.;2.·. 
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• 


• 

li'Hal:I': 55.- SC'ri(,('ll le;;p(~d(';w !'hannel B2-l0n (Il) 
hl'i'(H'(' l(';;ling' and ({I) dul'illg' l(';;t :1. 

• 
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• 
/;t()mll I'ellltlin()ri el'ect c1UI'iIl~ test 1; bcnt slig'hLly dul'ing' Lc~t 2; benL 

fal,thel', alld a thil'« of Lhem hecame sulJrllel'g'ed, c1ul'ing' lest a (lig', t/5, 11), 
All but a few were submel'g'eci <lul'ing test 4; and all We!'e submel'ged dul'ing' 
test 5, Water sul'iace rough, Value of n was lowel' fOl' tC!:lt :t than for Lest !o! 
heeause foliage did not OCCUI~ in abundance on stems to heig'ht of about 0,15 
foot above gl'ound line. At completion of tests, value of 'It was still dccreasin<~ 
rapidly as depth and velocity of flow increased. 

Scour was almost imp(!l'ceptlble. Even some dead leaves and other mulch 
remained in place on bed. Some scoured material was deposited on dowll
stl'eam side of stems. 

CUANNt;L B2-14C 
Bcd slope 3 pel'cent, bottom width 2 feet, sides vel'tictll (sheet-metal shIn 

walls used), length 50 feet, planted May 1D39 by seeding. Chunnel very I'Cg'U
lUI' in CI'OSS section, slope, and alinement. 

E;"CJ!IJ/'iment 1, Jl/rtl"ch 1!MO, 'v(!getation clo/'/ltrLnt (/,11(/ 'IL1leltt,-Scl'icca 
lcslledeza on avel'age 17 inches high, 88 Illnnts pel' square foot (fig. 50, A).
Soil sud'ace covel'ed by layel' ot' dead leaves. Soil firm. 

gquipment; l~or measul'ing inflow, 1-foot H-flume in tests 1·3, 2-fool; 
1l-t1ume in other tests; fOl' measul'ing outflow, weighing tank in tests 1-'1, 
1-foot H-tlume in test 5 i point gages. 

'l'hl'ee men made water-sul'iace measurements simultaneously at thrce 
statiolUi, making one set for each of tests 1-0 and making' two for cach of 
thc ,'emaining tests without rotating positions, 1'hcl'e were two 10-foot 
I'caches, 

III tests 1-3, flow was practically hidden by mulch in channel. The loose 
material was washed out by succeeding tests, unLiI at the completion of test 
Sit WIIS g'one. Submergence of vegetation started during' test 7 (fig. 50, /J), 
and was cOlllplete during test 10. Water surfllce was fairly smooth until 

• 

l;'IGI,JR~) 5(j.~Scl'icea lespedl''l.a channel B2-14C (It) befol'e testing and (D) 

during test 7. 
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test 7. In this and later tests the surface became more and more rOQ~l1 until 
it was very rough in test 11. A high initial value of 1/. resulted from 
resistance of the layer of dead leaves to a flow 0.07 foot deep. Retardance 
remained practically constant during flows 2-6, and no marked change in n 
occurred until depth and velocity of flow became great enough to effect •considerable bending and submergence. 

Slight scour occulTed in final test, practically none in earlier tests. All 

loose mulch was washed out, and a few stalks were broken off. 


CUANNEL B2-14B 
Channel description same as that of channel B2-14C. 
Expe/'imcnt 1, June 1940, 'vegetation green (md U)wltt.-Sericea lespedeza, 

on average, 16 inches high, 135 plants pel' square foot, Soil firm. 
Equipment: 2-fool; H-flume, point gages. 
During each test three men j 1ade watel'-surface measurements simul

taneously at three stations, each making two at the same station. There werll 
bvo 10-foot .l'eaches. 

In test 1 vegetation bent slightly but remained above water sul'face; in 
test 2 it bent farther and a few stems became submerged (fig. 57, /1). In 
test 3 a11 but 10 percent of the stalks were beneath the water surface. In 
test 4 a11 vegetation was submerged and the flow was decidedly rough. High 
level of n values in agreement with those for othel: channels having similar 
linings. At completion of experiment values of n were still decreasing I'apidly 
us depth and velocity increased. 

PI'actically no SCOUI: took place (fig. 57, D). After the testing, the vegeta
tion rapidly recovered its upright position (fig. 58). 

CUANNEL B2-14A 
Channel desc:'iption samc as that of channel B2-14C. 
EXflr)l'iment 1, Octobel' 1940. vegetation g /'cen and J'ecently cltt.-Sericea 

lespedeza averaged probably 2 inches in height (fig. 5!J). No stand count 
made; uncut stand described as very good. Soil firm. 

Equipment: 2-foot H-flume, point gages. 
During each test thl'ee men made water-surface measurements simul

taneously at three stations, each making two at the same station. The,'e 
were two 10-foot reaches. 

Vegetation was submerged except for a few stems during tests 1 and 2, 
and was completely submerged during other tests. Water surface rough. 

Very little erosion occurred. 
lIYDUAULlC HEHAVIOU OF SEUICEA LESI'EDEZA 

The retarding influence of sericea lespedeza on water flow varies 
widely according to season, length, density, age, and maintenance. 
The magnitude of the variation is illustrated by figure 60, which 
presents results from channels identical in cross-sectional shape 
tmd slope and having good linings that were closely similar. Long 
woody stalks, not tested, would cause even greater retardance. 

The stems of tall green sericea not yet in a 'Noody condition are 
r'elatively large in diameter but sufficiently pliant to bend when 
subjected to flows of the depths and velocities common in field 
waterways. Figure 51, presenting 'I'l-VR relations, includes data 
on the behavior of long green sericea as the value of VR increased. 
When VR reached a value of about 0.3, bending started. At VR 
= 0.9, submergence was well advanced. The bending and flatten
ing presumably continued sm:newhat beyond VR = 4.0, as n had 
not begun at that point to approach a constant value. For long 
green Bermuda grass, 11. had reached a constant value when VR 
equaled 4. In comparison with n values for Bermuda grass those • 
for se!'icea lespedeza at given values of VR are considerably 
higher. At V R =: 1.0, the n value for the lespedeza is more than 
twice as great as that for Bermuda graf)s. 
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[<'ttWIII-: ;'7, Sl,t'il'l'll h':;iJI·dl'Zll ('hatllll'1 B~ l.lfl (.1) dul'illg' l('~L ;:! Ht ({:I 

at l'oll1l'll·tillll or lp:-t illg', 
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1·'u:t'Bf·; fiH.- ---8el'irl'ale:,;pedez:t ('hannel HZ-I·W (A) 2.1 hOlll'S 
and (/1) (I day:; nHel' being' :';Ubjl,(·tl'd to a :;('ril'S of five 40

minute te!;L lIow:,;. 
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• 
The n--VR relation for two channels lined with long dormant 

8ericea lespedeza is presented in figure 51, B. The retardance 
coefficients reflect the wide difference in vegetation density that 
existed between these channels. Channel B2-14C had a good 
stand that when green would be comparable to those of channels 
B2-10B and B2-14B. At the same VR value the dormant plants, 

• 

FIGURE 59.-Sericea lespedeza channel B2-11A. 


View of channel bottom before testing. 


devoid of foliage, offered about 50 percent less resistance to flow. 
However, owing to the stiffness of the stalks and their resistance 
to bending the retal'dance coefficients were maintained at a high 
level until VR was 0.3. 

When sel'icea lespedeza was cut short all that remained of it was 
stiff stalks that offered low resistance not greatly different from 
that of cut common lespedeza. Short Bermuda grass causes 
greater flow retardance at a given VR value less than 2.5 than 
short sericea lespedeza, because it covers the ground more com
pletely. 

STABILITY OF A CIIANNEL LINED WITH SERICEA LESf'EDEZA 

Sericea lespedeza in a woody state permitted considerable scour. 
The turbulence set up around each stiff stem scoured the soil at 
the base of the stem. This was noticed both in the tests on chan
nel B2-1 and in those on channel B2-4. The scour rates were 
somewhat higher in channel B2-1. where the lining was in a 
dormant state. From these experiments it appears that the 

• 
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permissible velocity of flow for a channel having a dormant uncut 
lining is approximately 2.5 feet pel' second and that for a channel 
having a woody green lining is approximately 3 feet pel' second. 

The tests on the two channels having green uncut linings (B2 • 
lOB and B2-14B) caused no appreciable scour. 'l'he retardance 
coefficients were so high that the capacity of each channel was 
('xceeded before scouring velocities were produced. It is believed 
that the protective capacity of green sericea lespedeza exceeds 
that of green annual lespedeza. Accordingly, until more infor
mation is available it is recommended that the permissible velocity 
fol' a channel having a green uncut lining of this species not yet 
in t he woody stage be set not lowel' than 5.5 feet per second. 

'['ests of eectangulal' channels showed 3 feet pel' second to be 
the maximum permissible velocity of flow for channels lined with 
dormant vegetation, either short or long. The test of channel 
B2-14A when the lining was green and short caused very little 
~C(JlIl' even though the fiow reached a velocity of 6,4 feet pel' 
second. The soil in the bottom of the channel was hard during' 
these tests. If the soil had been less firm, erosion certainly would 
lIavo taken place. It is believed that 3.5 feet per second is a per
miHsible velocity for a lining in this condition. 

Results of the eXI)el'iments on sericea lespedeza indicate that 
in the green pliant stage this plant is an excellent cover for chan~ 
nels. HecHu0 of the SCOll!' produced when the vegetation is in 
Lhe woody Htate, it seems desirable to cut it before it reaches that 
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fo'IGUl!r~ GO.--Hclntion of Manning"s 1/. and dcpth of flow fol' channcls lined •wilh shOl·t g'l't'PIl, short dOI'l11HII t, long green, and long dormnnt sel'i('('a 
ICH/lede7.H. Bcd slopc a pel'cent, bottom width 2 fect, sides vel'tical (shect
metal side' walls ul>ed). 'rimc of tcsting: B2-14A, Octobcl'; B2-10C, April; 
B2-10B, .June; B2-14B, .Tunc; BC-14C, l\lal'ch. Thc incrcasc in 1/,,, for 

channel B2-L4C was due to SCOUI'. 
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• 
:-.lalc. This rccommendation cOllcun; with the uSLIal practice of 
I:utting scric(,H 1('!-;!'cdc%H for hay before it becomc:-; woody . 

SnJAN GHASS EXI.'EBHIEXI' 
Sudan grass is ~,\ rapidly growing annual very widely used in 

the United States (11). It is pal'ticulal'ly adapted for lining 
watcl'\vays where the flow cannot be diverted and a l'apidly estab
lished COVel' is needed for temporary protection until perennial 
grasseS can beoome establi!:;hed. When seeded broadcast it grows 
~ to 5 feet high and has stems about :\111 inch in diameter. It is 
(inc of the most productive and palatable of all annual pasture 
grasses fOI' summer grazing. It is primarily a hay grass, its feed
ing value being equal to that of millet, timothy, Johnson grass, 
and othel' l1onleguminous roughage species. 

Experimental conditions and results for the channel lined with 
Sudan grass are presented in table 12, and further information 
rcgarding the expel'iment on this channel is here summal'ized. 

HECOIW OF EXI'EIll \I ~:NT 

CUMINE!. B2·-3 
Bcd slope G pel'cent, bottom width 2 feet; side slope 3:1, length 50 feet, 

planled by seeding' :\!ay 17, 1!):l7, and again June 12, l!J:rr. Channel fairly
ullifol"ln ill CI'OSS sccti()n, slope, and alinement. 

B.l'/It'rilll.('ut I, .\'Ot'I'III./J('/· 1!1.f7, UI'(t,~s mostl1l c/(oad ((ud Itll.cut,-Lcngth of 
stcms wllS 2 to" fcct, density 20 plants pel' square foot, Soil fil'm, 

I'~([uipm('nt: Sharp-crested weir, string and rod, 
Tcsts wel'e I'un in ol'der of decrcasing flow magnitude. During each test 

a single ohscrvcr made watel'-surfacc measuI'cmcnts at foul' stations, J)I'O

grcR!ling dowIH;trcam, 'There were three 10-foot I'caches. 
Vegctation was submergcd during all tests, Water sUI'face rough (fig'. 61), 

• 

1"1r.t1R~; (il.-Sudan gt'aRS channel B2-3, 
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• 
The fact that n increased fOI' the final (lowest) flow is pt'obabIy due chiefly 
to all increase in bed roughness by scour rather than to a decrease in depth
and velocity. 

Considerable et'osion took place but did not damage the channel to the 
extent of complete failure. 

Hnm,\lJLlc BEIlAVIOIt OF SUDAN GRASS 

The stems of the Sudan grass were not woody, and they readily 
bent. over and shingled under the force of the flowing water, which 
was not extremely turbulent. The values of Manning's retardance 
coefficient obtained in this experiment, with its relatively narrow 
range of depths, do not vary greatly from 0.045. If the tests had 
been run in order of increasing magnitude, as in all other experi
ments in this study, it is believed that retardation of flow at the 
lower stages would have been greater than it was. 

S'J'AUILI'J'Y OJ-' A CII,\NNEL LINEn WITIf SUJlAN GRASS 

'fhe results of the experiment on Sudan grass indicate that a 
good stand of this grass gl'owing on Cecil sandy loam in a channel 
of moderate slope may endure a velocity of 4 feet per second when 
full-grown and green. This velocity is believed to be too great 
fol' 11 Sudan gt'ass lining that is young or that is grown on light
sandy soil. 

• 
GRASS-MIXTURE EXPERIMENTS 

For outlets that are to be grazed, a mixture of plant species 
is sometimes desirable (10). In addition to providing better 
pasture, a mixture may give better service as a channel lining. 
tf the plants differ as to periods of flush growth and dormancy, 
better year-around protection is likely to result. Tests were con-

CHANNEL 
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o a.- 16B 
A 82'I2C 

" 8216C 
82'16" 
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TABLE 13.-E;rpcrimcnta[ cunditiol/S and 1'CS1lltS for channels lilleclwith a grass 1llixtlll'C .... 
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~ a _ 0 ~ 1 I:) :::: ~ ,..~S I:?_ ~ 
5 ~ 	 ,~'9 "'a :=:::: ? c ;: c.I.... tJ tt 'c:; 	 :::0::i.: t b ~ ::' '0. ci' ;.. g tl; .~ .~ ~ s.. i: l tt 0 C ... I..E ~ -0 C
~:@ ~~ :J5 ~ ~:3 §~ ~.~ g ~ f~ ,~~ ~~:3! ~ a ~ 1 t"'~ o CJ::J d To .$ ;.. c:J >. ~: t: 0 ::J ..- E :,.. 0_ ..::: ::I ::l =t:::>

'6 u'a ~'" ::l.;! 1__::l__~~~~::l'O :::31 <~~ (,) '__~____:.(_" >~ f;i 
>-'ll 
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132-120 Green and j' 1 Apr. 8. 1941 Q.645 0.520 1.24 0.21;4\ 0.0267 42 57 0.0:; I 14.78 f 0.0806 I 0.0517 0.327 ~~ 
dormant. 2 do Loa .MIl 1.74 .aoo .0274 40 55 .01 i 19.16 I .063. .0438 .522 
short. 3 \ Apr. 9.1941 2.16 .7i5 2.79 .:194 .0274 40 55 .03, 26.84. .On5 .0361 1.10 ~ ) 4 " ..... do , .•• ' 4.02 1.00, 4.02 .506 I .0278 41 56 -.04' 34,00 .0390 .0322 2.03'1· 

~ 5 Apr. 10.1941 6.00 1.19' o.oa .1;04; .0280 42 57 , .03 38.68 .0353 .030a 3.04 til 

6 I .. , .do ..• ,. 7.97 1.38 5.76 .702 .0282 41 58 I .0:1 I 41.06 .{)342 .0300 4.04 
132-12B.... G,'een and 1: June 16.1941 .651 .699 .93·j .348 .0286 40 GIl' .04 9.36 .la4 .0822 .325 

I 
if
{ 	

o 
dormant. 2 ' June 17,1941 1.04 .814 1.28 .404 .0288 40 69 .02, 11.88 .10R .0710 .517 t"l 

long •. ~... 3 .. , .. do ,.... 1.93 .958 2.02 .480 i .0:130 40 69 .03' 17.47 .0756 .OMS .970 
"d 

') 4 June IS. 1941 3.76 1.18 3.19 .590, .0290 4069 . -.01 24.42 .055S .0442 1.8S !"i 
5 ..... do...... 5.81 1.34 4.23 •689 1 .0301 41 72 .01, 29.36 .0476. .0395 2.91 o 

. 	 6 1 .• ,do,.... 7.30 1.52 4.82 .762 i .0301 40 74 -.03, 31.78 ~044i j .0380 3.67 "'l 
1 ,Mar. 8. 1940 .0172 .117 .147 .058 I .0288 74 49 .05 3.60 .260 .0936 .0085 
2 Mar. 15.19·\0 .04!19 .196 .254 .098 .0284 37 48 -.02 4.80 .212 .O!IOO .0249 o 

, 1 3 Mar. 18. 1940 .0948 .282 .336' .141 .0282 57 58 ~Ol i 5.36 .202 .0940 .0474 
112-160 "'1 Green. and ' 41 Mar. 19. 1940 .174 .360 .483 .180 I .0279 31 51 .02 6.84 .165 .0846 .OR69 ~ 

odormant. 5 Mar~ 20. 1!140 .288 .442 .653 .220 .0276 26 r 52 . -.05 8.3S .138 .0770 .144 c::l 	
> 

, short •.• ,.. 6 Mar. 21. 1940 .512 .505 1.016 .252/ .0279 2a '. 51 \' .03 .12.12 .0978 .0594 .256 
7 Mar. 22. 1940 1.092 .622 1.757 .311 .0284 40 ' 52 .01 18.72 .0654. .0452 .546 ~ 8 Mar. 29. 1940 2.068 .761 2.72 .381 .0289 a81 51 . .04 25.94 f .0490 1 .0370 1.04 c::9 Apr. 2. 1940 3.9!1 .990 4.04 .496 .0298 41 56' .04 aa.14 ~0400, .0326 2.00 

10 Apr. a.1940 5.9a 1.17 5.05 .590 .Oa18 40 58 I .21 :16.921 .0370 I .0313 2.98 
f 	 ~ 

t=l
11 , do ..•.. 7.8S J.:li 5.7a .691, .0350 40 I 60 .43 37.12 .0380 .0328 j 3.96 
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ducted on a mixture of orchard grass, redtop, Italian ryegrass, 
and common lespecleza. 

Experimental conditions and results for the channels lined with • 
this grass mixture are presented in table 13, and further infor
mation regarding experiments on these channels is summarized in 
the following material in small type. The relation between nand 
IIR for channels lined with this mixture is shown in figure 62. 
'l'eflt conditions for the channels represented in figure 62 are 
indicated in table U. 

'(''''IL~1 14.-'rinll? of leMmu (LIllL Vt!uetll.l-liltinu c:o'll.clitio/!s of chnllncis lincd 
with UI'(tH,~ mi.ttlll'c j'I'oln which lhe deLtct I'CPl'lls£ntterl by the nm-VR CW"VCIl 

in fiuHI'e! Ii;! 1VCI'C oil/(Linecl 

VCjfclnl roVer 
~rimc or

Channel tcst 
UuijfhL QUlllity 

Illches 
;.Juno s fo'alr , .... , ... Cover "clumpy'!: :owl! 

an llcrccnl hIt c. 
6 'Goo'l Cuvt!r fuirly unifurm. 
:\ 1,(, Wnir . d~": _•.. J O,IL 1>I'e't;::," fall, 

» do .. , eut just b~forc l"s's, 

RECOUIl OF EXI'EIII:\IENTS 
CHANNEL B2-12C 

Bed slope a percent. bottom width 2 feet, sides vertical (sheet-metal sick· • 
walls used), length 50 feet, planted May ] i):3!) by seeding. Channel vel'y , 
uniform in croloS section, slope, und alinement. 

E';~lJl!ril1!(,III, 1, ilpl'ii Unl, UI'(tS!J(f!J 'val'ying in C:011ciitioll, Cllt precedinu fall. 
-New growth of grass ave,'aged 41/~ inches in length. There were about 6 
plants pcr l'quHI'C foot und ahout 10 grass blades per plant, About half the 
covel' was small Italian ryeg'russ plants; the other half was redtop and 
orchal'd grass (fig, B3, .4), A light gl'owth of ground moss covered 10 per
cent of the channel bottom, Soil firm. 

Equipm(lnt: 2-foot H-flume, point gages. 
DUl'ing each test three mell made water-surface measurements simultane

ously nt thrcc stations, each man making one at each station. There were 
two 10-foot reaches. 

Vegetation was subme"gNI, except fol' a few stems, during tests 1 and 2, 
Watel' surface l'Ough during all tests, Values of J/, in agreement with those 
for othel' channels huving similar linings of grai>s mixturcs that were tested 
ill spring and fall. , 

No erosion was apparent on areas covered by ground moss, and little 
seriolls SCOUl' elsewhere (fig. G3, [J and C). Surface of channel was washed 
clean of loose m\llch, and fine roots were exposed in a few small areas. Many 
~mall deposits of coarse sand were located at downstream side of larger 
clumps of vegetation. Vel'y little increase in erosion neal' side walls. 

CHANNEL B2-12B 
Channel description same as that of channel 82-12C, 
E.rpC!l'illl('nf 1, JUlie .1.')41, U1'(t8SCS 'V(Ll'yiltfl -in cOlldilio'lL, "llJl.cnt.--Orchard 

grass and redtop were the only grasses evident, and they were green; Italian 
l'yegrass was dead 01' cilll'l11ant (fig. <i4, A). Stems were 25 inches long, the 
mailS of blades 8 inches long', About 3 plunts pel' square foot, and about 2 .' 
stems and 20 blades to each plant, At least 30 percent of area was bare of 
covel'. Soil fil'm Hnd compact, but not hal'll. 

I'~qllipment: 2-foot H-Ilumc, point gages. 
During eHch test lhl'eo mel1 made watel'-suI'face measurements simulta!1e

oUHly nt thl'('(' Htlltionfl, cm'h man making' one at oach station. There were two 
lO·foot n~:H'hes. 
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• 
(:I';lHH IJlari(!s wel'(' not complett'iy sulJlll(Il'g'l'd until l('sL :l und ~L('lns were 

noL suiJmel'ge(\ unLit test 4, WatlH' llUI'J'lIec l'Ollg'h (fig, (;,1, I)). Level of n 
values, high 1'01' a J:athcl~ thin covel', ill due lal'l;,cly to nonl1nl.form and c!UlllllY 
Ilatlll'e of covel'. 

Practically 110 change in channcl bed I'csulted from tests. 

CHANNEL B2-16C 
Channel dllRcription same as that of channel B2-12C. 
Experiment, I, MaI'clt l.'J,t,O, UI'((MI£'S 'I)(/,I'l1inu 'in condition, cut IJl'l!cedinu fall, 

-Redtop and ol'ehal'd grass were dOl'lnant, ryegrUf;s g'l'een; dead plants but 
110 seedlings of lcspedezll present (fig, G5), No appreciable growth since 
cutting, Stcms averaged about <I inches in length, Average numbcl.' of plants 
pm' squarc foot: Ryeg'mss, f); I'edtop, 1 j ol'chal'd grass, 2 j cleud leslledeza, 3, 
Avel'age numbel' of stems 01' lenvas [let' gt'ass plant apllroximatel~' 8, Soil 
fil'm, 

[']qui[lment: 'FOt, mCllSUr) ng inflow, I-foot H-f1umc in tests 1-3, 2-foot 

• 

[<'lmlRE li3,-Gmss-mixtul'c channel B2-120: A. Close-up view of channel 
bottom b<,fol',·: testing; n, gelll)ra! view of' challllcl at completion of testing'; 
C, cloilc-lIp view, at ~'on'.plction of testillg', of urca having least COVCI' anel 

showi 1Ig' g'1'(,1I t('st (,I'osion, 
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B-lIume in nthel' testsi COl' mea~1I1'illg outJIow, weigohing' tallk ill tests 1-·1, 
I-fooL II-flume in lel\t 5; point gages, 

Three men made waler-stll'face meaSU1'cnHmts simultaneollsly al 11ll'ee sla- • 
tions, each man making one for each of tests I-G and two, aL the same 
station, fol' each of the othel' tests. '1'here were two lO-foot reaches. 

No vegetation sumet'ged during lest 1. Submergence hegan in test 2 and 
iricl'eased with discharge until dul'ing test 7 it was complete, Water smface 
was fairly smooth dul'ing test 1 but gradually roughened as diselull'go 
incl'eased until it was decidedly rough dul'ing final test. Values of 1£ ill agl'e(~
mellt w;lh those COt' other channels having similut, linings of grass mixtul'es 
that were tested in spring and fall, 

'1'hel'O was no el'osion dul'ing tests 1-8; during laler tests very slight SeOUl' 
OC(!U ned, " -

CHANNEL B2-16B 
Channel descl'iption same as that of channel B2-12C. 
E;cpcl'imc'IIt 1, ,J /(1/(' l!J40, ljl'Ct88CS t'co'Jjilllj in cOHciilion, '1t1wut,-Ot'chard 

gl'ass, redtop, lind lespedeza were g'l'een, Italian ryegt'ass had alre!ld~' seeded 
and turned brown; grasses avel'agcd about 7 inches in length, lesjledeza about 
a~~ inches (fig. (j(i, A), Plants pel' square foot: Orchard grllss 01' redtop, 3; 
ltalian l'yegmss, 5; lesnedeza, 82. Soil firm. 

I!:quipment: 2-foot H-f1ume, point ga'~e8. 
Our'ing each test lhree mell made water'-sudace measurements simultane

oU!lly at three stations, each making two at the same station. 'l'here were 
two lO-foot reaches, 

During test 1 all the lespedl!za was submerged but about ao percent of the 
gnu;s I'enlllined above watel'; during lest 2 a few grm;s stems remained above 
\Vlltel': during later flows, vegetation was completely submerged, Water SUI'
face rough during all tests, becoming rougher as flow increased, High level of 
n values due to fact that common lespedeza cover was fai1'ly dense and uniform 
und to efl'ect of scattered clumps of o['chal'(l grllSs and redtop, ., 

PI'actically no scour took place (fig, lili, II), 

CHANNEL B2-16A 
Channel description same as Lhat of channel 132-120, 
ExpIJl'illl(,ltt I, OdO/I!!I' I.'JJ,O, ljl'Wl,qCS l'ItI')jin,fJ ln COl/clition, c1tt.-Orchal'C1 

grass and redtop g'l'ecn; some lespedeza green, some dead: I'yegl'ass dormant, 
Grass length" to G inches. No record of stand count; photographs indicate 
fait' density (fig. (7). Soil firm. 

• 

FIGURE 64,-GraS!l-mixture channel B2-12B (A) just hefore testing and (R) 

during test 3, 
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Equitllnent: 2-fuJt H-flume, Jloint 
gages. 

Dul'ing each test thl'ee men madc 
wut()l'-sut'facc meaSUl'emcnts simul
taneously at thrcc stations, cach 
making two at thc samc station, 
'l'hcl'e WCI'C two lO-foot .I'C1Whcs, 

Vcgctation, except fa I' a few 
clumps, was submel'ged dut'ing 
tests 1 and 2, Watel' surface was 
rough; it appeared to be less l'ough 
during test 4 than during test a, 
but inel'eased in toughness ill tf~sts 
5 and 6, Values of 'II in agl'eement 
with those fa l' similar channels 
lined with the grass mixture that 
were tested in spring and full, 

Ch a 1111('1 hottom remained Jlructi
cally unchanged, 

HYilIlAULlC BEHAVIOR 010' 

GUASS MIX'l'UUE 
Of the grasses used in mix

FWUItFl 65,-Cl'aSH-mixtul'e channel ture to line channels B2-12 
B2-l(iC before testing. and B2-16, both the orchard 

grass and the redtop tend to 
grow in heavy clumps. A lining of these two grasses without 
other grasses or vegetation between them tends to cause rather 
rough and irregular flow. However, when depth of flow is great 
enough to submerge the plants and stems of the grasses completely 
these irregularities are to some extent drowned out. When other 
vegetation is growing between the clumps, making the cover more 
uniform, more satisfactorJi' hydraulic behavior results. 

• 

Fwum) (l(j,-Grt\Hs-mixtul'C channel B2-HiB (A) before ter::ting' und (In 

a ftc 1.' test 4, 
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Thel'elation of n and V R for the two series of grass-mixture 
channels, B2-12 and B2-16, which had similar bed slope and cross
sectional Hhape, varies considerably with season and height of • 

FlGurm u7.--G I'a"s-mixtul'c channel B2-1uA, 
ill'fol'c testing'. 

)..,l'a;';H (fig. ()2). It i;.; not pos;.;ible to do more than generalize on 
the effect of each of theHe variables. The three experiments COI1
c\uctl'Cl in the fall, winter, or ;.;pring were on vegetation cut in the 
fall to n length of " to 5 inches. The n-VR relation is almost 
identical with that obtained in test;.; of channels lined with dol'
man i; B('rl11uda gTass of tlbout the same height. 

'With Italian l'yegTa;.;s and common lespedeza dominating the 
mixture, the channels had some green protective cover at every 
tlcason. Tn the summer a good stand of leH}wdezH in channel B2·· 
168 forl11ed a rather clE'I1Se, fairly uniform co\'er that resulted ill 
an II-T'H relation similar to that for channels lined with long 
g'J'Cl'n Bermuda grass. During the late fall, winter, and spring, 
Italian ryeg-ras;.; afforded a fail' covel', helping to maintain values 
of 1/ al{ain on a level with those for a channel haYing a uniform 
COvel' like Bel'n1Ucla grass. 

Channel B2-12B, testcd in June, showed values of 1/ relath~e to 
1"R companlble to thm;e 1'01' channel B2-16B, even though yery • 
little Ic;.;pec1e%H was present. The covel' consisted of clumps of 
grcen orchard gl'aRS ancJl:edtop with stems 25 inches long and the 
mass of blades 8 inches long. At least 30 percent of the sUI'face 
area was barc. The nature of the co\"er anel the length ancl bulk 
of th(;' \'eg'E!tation tended to cle\'c!op and maintain excessive tUl"bu
lpl1ee I'('sulting in high 1/ \,Hlues, . 
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• 
STABILITY OF A CHANNEL LINED WITH GRASS MIXTURE 

The mixture of grasses and lespedeza offered good all-year pro
tection for the channel. In early spring, when the grasses were 
dormant and the new lespedeza seedlings had not yet appeared, 
the Italian ryegrass was green and offered good protection to the 
channel. For a channel having a lining in this condition the 
permissible velocity of flow is 5 feet per second. 

In the tests made on uncut grass in June, velocities were not 
high -enough to cause appreciable scour of the channel bed. On 
the basis of experience with grass linings it is believed that the 
permissible velocity for a channel lined with this grass mixture 
in the summer is about 6.5 feet per second. Permissible velocity 
for fall when the lining is short can be set at 6.5 feet per second. 

BARE·CHANNEL EXPERIMENTS 
Experiments were conducted on three bare-earth channels. By 

comparing the soil losses in thes~ channels with those in vegeta
tion-lined channels otherwise identical with them, some measure 
of the protection afforded by the vegetation is derived. 

Experimental conditions and results for the bare-earth channels 
are pi'esented ill table 15, and further information regarding the 
experiments on these channels is here sumlnarized. 

RECOIm OF EXPEIlIMENTS 
CHANNEL B2,...3 

Bed slope (i nercent, bottum width 2 feet, side slope 3: 1, length 50 feet; 
topsoil placed, graded, and tamped April 5, 1938. Channel very uniform in 
cross section, slope, and alinement. 

Expm'iment 1, Apl'il19-2J, 1.988.-Soil still loose. 
Equipment: Shat'p-crestcd weir, string and rod. 
During each tcst a single observer made water·surface measurements at 

four stations, progressing downstream. There were three 10-fo:>t reaches. 
Water surface was dccidedly rough except at start of first test. Erosion 

dl1l'ing each test changed flow characteristics during the test. A general 
increase in n as testing progresscd resulted from increase in bcd roughness 
thl'ough scour. 

'1'he channcl was scoured rapidly. Even the lowest flow eroded the lower 
portion of the channel to the stiff underlying clay. 

CHANNEL B2-13C 
Bed slope 3 l](ll'cent, bottom width 2 feet, sides vertical (sheet-metal side 

walls. used), length 50 feet; topsoil placed and gradcd lVlay 1939. Channel 
uniform in cross section, slopc, and alinement. 

E.l·/)(')·i/ll('J!/ 1, A/i1'i/ 1941.-Weed pulling and light raking had distmbcd 
the surfacc, but the soil base was firm (fig. 68, A). 

Equipment: 2·foot H-flume, point gages. 
'1'hl'cC mcn made wabl'·surface mcasuremcnts simultaneously at thrce 

Htations. 
During tcst 1 two measurements were macle at each station; during each 

of the remaining tests, each man made one measurement at each station. 
There werc two lO-foot reaches. 

• 
\Vatcr surface was slightly Tough during test 1 and became rougher until 

dul'ing' test 3 it was wavy and vcry rough. 
COllsidC'rable scoltr took place (fig. (i8, B), Ylarticularly along walls of 

channcl. 
CHANNEL B2-13B 

Channel de;:;cl'iption same as that ·of channel B2-13C. 
FJ.I'/)('ril)WII/ 1, ./1111(' lfl.,,1.-Soil was firm; it had been distmbcd slightly by 

pulling of a fcw small weeds. 
Equipment: 2·foot H·flume, point gagcs. 
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• 


• 
1,'ua'ln; US.' Bare l'hal\llel Il~-I:IC (,.\) before te:;Ung and (Ii) after O~1::; 

S minutes of t('st 1. 

IlurIng ('lH'h tpst thn'(' 1lll'1I iliad" \\'.ltL'I'·~ul'l'aet! llleaSUI'enwnt.:-; ~imlillaIH" 
(1I1,1~' at thn'p statum"" ,'aeh Il.all lIlaldllg' "ill' at ('aeh :<tation, TIll'rt, WL'P' 

l \\" I D.!"ool l'pIIl'I1<'>', 
Watpr "ul'fm'p wa~ Ilot \'pry rough, 
('oll"ldl'rahlp ":"ll\11' Ol'l'tlrrell, appan'ntly lIl1irOI III (1\','1' \1'1\111\' "ul'fal'I' Dr 

dWl\l\PI. 

III"cl .,,,10" OF HE." I.TS 0" B\I:E ell \""EL"i 
At thl' start ()f path p:qwrinH'llt, IJl'forl' allY ('rOSillll occllrl'ed in 

till' dla II Ill'l, flo\\' wali fairly smooth, As t('sting' (Jrog'I'('slil'd and 
all ilTl'g'ltlar ~C()llr pat t(,1'1l dl'\'plopl'd, flow g'PIH'I"ally I)(,C;lI11C 
l'Ollg'Ill'I', TIll' I'{'lal'cl<lllc(' c()('lIici('nts for chanlll'l g~-;~, I'XIWl'i. 
l11!'nt ~. show that tll(' l'hanlll'1 hl'canw roug'hpl' ali testing' pro· 
gTl'ss('d. TI1l'Y al'p at a much 1()\\'('1' h'\'pl than tho~(' for the 
l'halllll'l~ iinl'd with \"('g'('tation. 

S()il-l{)~~ ntll':-; WPI'(' hil"h for all tpsls oil the thrp(, lJal"l'·<'arth 
l'IWllllt'I:-;, I'l'l'missihl(' \·;'lodt it'~ fol' HliCh challlll'b :tn'pl'obably 
not m()I'(' (hall I font IH'r Sl't'OIHI. 

• 
FIELD \1'1'1.11: \TIO, OF 'n:~n:rs 

B".1' \1:11 \ "eF (:(n FFICII'SI'S 

:\ i't'aphit· n1l't1lO(l of dp:-;ig'l1illg' \'('gl'tati!JI1.lint'd ehal1lH'b ha,~ 
1'('['11 dp\('ioJll'cl Oil thl' basis of Ow I'l'lation Iwl w('('n T'R, till' pro
dnd of nll'HII \'{'iodt~· of flo\\' anc! hydl'aulic radillH, and 11, till' 
I'plar<iam'p ('Ol'fIicil'llt :'Ilanning-'::; lIow fOl'llll1iais Holn'd on this 
l)a~'is fot' "al'iou..; slopl's and for dilrl'l'pnt kind:-; of \'('g'dation. 

l'1 ... 

http:1'1'1.11
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Channel design curves have been developed for long green, short 
green, and short dormant Bermuda grass (fig. 69-71). (The last 
'1lentioned condition is the one in which Bermuda grass is least. 
effective in protecting a channel from erosion.) III addition such 
a curve has been developed for long green sericea lespedeza (fig. 
72), because such vegetation differs widely from long green Ber
muda grass in structure, manner of growth, and influence on 
hydraulic behador of a channel. 

The first items known in a field channel problem are maximum 
discharge and bed slope. The design requires selection of a 
channel section of such size and shape that the expected volume 
of water can flow through the channel at a velocity not exceeding 
the maximum velocity permissible. This can be dont~ directly 
through use of the design curves presented as figures 6~-72 and 
the gmphic solutions of elements of trapezoidal, trianguiar, and 
pllmbolic channel shapes presented as figures 73-79. 

The following example illustrates the procedure: 
1. 	 G'iv('ll: Q = 100 cu bic teet per second. 


S = 0.03 foot per foot. 

2. PI'oblcl/l: Determine the section of a channel that is to be 

lined with Bermuda grass. Consider a long, green condition. 
Design for maximum velocity of 5 feet per second. 

3. Solution lo)' 1'eCIllired R: Enter figure 69 at V = 5, proceed 
right to the V-VR curve for S = 0.03, then downward to the 
R-VR curve for S = 0.03, then right to the R ordinate scale. The , 
value of R is found to be 0.76. This nllue must obtain for any 
section selected if the velocity is to be 5 feet per second. Note: 
It is not necessary tfl know ?t, since its value is represented in the 
design curve placement. If clesil'ed, 1J", can be determined by 
proceeding left from the intersection of the vertical dashed line 
with the n-l'R curve to the 11 ordinate scale. In this example nm 
::co 0.0-12. 

4. Selection of c/zal!1zel section: 
a. Solve for ;1. 
b. Determine bottom width, side slope, or top width for a 


trapc;wiclal, triangulm', or parabolic section (whichever shape is 

desired) by the intersection of R and A in figme 73. 74, 75, 76, 77, 

78, or 7!.l. 


c. Determine center depth, D, using figure 73, 74. 75, 76, 77, 

78, or 79, by continuing right on the R line to the intersection with 

the l'iloping line for b, Z, or t. 


Dashed lines in figures 74, 77, 78, and 79 continue solution 

of the example from the determination of R as 0.76 foot. The 

area required is 20 square feet. Channel sections meeting these 

requirements are: 


C/lIlllllfllltupc 'ihl,' $/"",·, IJHttdm CtuUr 7'lI/I. widl/I. d,·PIII. \rhltll~ 
h f) t 

F"I/ Fyt"l Fat •Tnll'czoidal 	 3:1 0.85 
Ii: 1 1.01 

Tdang-lilar 
Parnbnlic 

8.5:1 1.58 
1.1ti 21i 

------------_._------_.. 
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• IO~---~~r-~~~-rr---~--r---~--~L/~~~~~~~ 

a~--~--r-+--r-i~'r-~I~--+---I----~~74V~'~~~~~~~H7v v ...... v ~v 

• 

FlGum: GO.-Channel design CUI:YCS few 10llg grccn Berllluda g-rass. 
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FIGt:ItE 70.-Chanllc! design CUI'YCS fol' shon gl'cen Bel'muda gmss. 
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l"WUItE 73.-Cul·ves for detel'mining the elements of trapezoidal channels 
with side slope 2:1. 
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• 1·'rGI'RE 74.->CllJ'veS fOl' determining the elements of trapezoidal chanMls 
with side slope 3:1. 
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•" 

.' ~~~~~~~~------------~~~------------------------------------~ 

PIGURE 75.-Curves iOI' determining the elements of trapezoidal channels 
with side slope 4:l. 

J.'IGURr; 76.-Cul'ves iordetermining the elements oi trapezoidal channels • 
with r,ide slope 5: l. 
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U'IG(!R~; 77.-Cul'ves for determining the clements o:\' trapezoidal channels 
with side slope 6:1. 

ELEMENTS FOR TRIANGULAR CHANNELS 

.. 
" ~ , 

• II 

I-'IGURE 7S.-Cul'ves for determining the elements of triangulal' channels. 
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.' 


li'raunF: 79.-CuL"ves for determining the elements of parabolic channels. .' 
I 

rrhe elements b, Z, and t change rapidly as velocity changes. 
They are affected to a considerable extent by a change in velocity 
of as little as 0.5 foot pel' second. If the intersection of R and A 
does not lie within a graphic solution, another shape should be 
investigated 01' the velocity should be raised or lowered and the 
initial procedure repeated with a new Rand A. Often a reselec
tion of velocity is desirable to obtain a more favorable section. 

Use of the n-VR curves developed in the study discussed here 
allows direct comparison of different kinds of vegetation in the 
principal seasonal and maintenance conditions, even though the 
experimental channels differed in slope and shape. Such com
parisons make it possible to estimate the flow-retarding influence 
of other kinds of vegetation, not yet subjected to laboratory test. 
Thus the curves presented are of rather extensive value for appli
cation within the ranges of chann01 slope and depth that they 
represent. Figures 80-83 present n-l'R curves for vegetation 
types and conditions other than those represented in figures 69-72, 
and include also the applicable n-VR curves used in the graphic 
solutions for Bermuda grass and sericea lespedeza. In many 
instances figures 69-72 may be adaptable to other covers con
sidered to offer similar degrees of resistance to flow. • 

Until a given \'egetal channel lining becomes well flattened 
toward the channel bed the value of VR indicates the degree of 
resistance the lining is offering. When the vegetation is prone or 
neal'ly so and well submerged, 11, becomes practically constant and 
ceases to be cO)'I'elated with VR. Only scour, loss of vegetation, 
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l"IGUR~~ SO.-Relntion of Manning's nand VR for channels lined with dense, 
unii'Ol'nl sUlnds of green veg~tation more than 10 inches long • 

• !t'raURF, S1.-Relntion of Manning's nand VR for channels lined with dense, 
tlnifol'm stands of dormant vegetation 1110re than 4 inches but less than 17 
inches long. (Centipede grass value plotted represents data iI-om five tests in 

which dischal'ge was approximately the same.) 
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uniform stands of vegetation more than 4 inches but less than 8 inches long. 
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VR •
I!'WURE 83.-Relation of Manning's 1L and VR for channels lined with dense, 
uniform stands of vegetation cut to a length of less than 2% inches. (The 
Bermuda grass had been kept cut, the other linings had been cut for the first 

time just before the tests.) 
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and general increase in bed roughness will thereafter cause ap
preciable changes in n. The V R value can be used as an indicator 
of whether n has reached a relatively constant value. Up to a VR 
value of 5 for long, pliant vegetation arid one of 3 for short vegeta
tion n dec.reased with incl'ease in YR. For design purposes n can 
be assumed to remain constant when VR values go beyond these 
figures. 

For channels of slight slope containing vegetation that receives 
little or no mainten~nce, application of the n-l'R relation has 
particular value. Unusually high and variable retardance coef
ficients may prevail under these conditions. 

In applying the n-l'R curves to field channels, certain general 
limitations should be considered. The experimental channels had 
relatively smooth beds, uniform cross sections, and true aline
ment; their covers were generally dense and uniform; and the 
data on which the n-VR presentation is based were obtained 
through tests that proceeded from low to high flows, with the 
vegetation upright at the start. 

PERMISSIBLE VET.oeITIES 

Findings in this study as to permissible velocity of flow, the 
factor used as a common measure of the protection offered by a 
vegetal channel lining, are summarized in table 16. The standards 
of permissible velocity that have been established, for several 
kinds of veget8.tion differing widely in physical c.haracteristics, 
may be adapted for similar vegetations not tested. Permissible 
velocity consistently decreases as slope increases, for all kinds of 
vegetation. The velocity values cannot safely be applied without 
modification to soils that are more erodible than the one soil rep
resented in the experiments, Cecil sandy loam. They apply 
directly only to occasional, rather brief flows of water relatively 
free of sediment in channels having relatively smooth beds, true 
alinement, and dense, uniform plant covers. For field channels, 
the conditions of which differ widely from those of the test chan
nels, permissible velocities are, in general, somewhat lower . 

• 
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TABLE 16.-Permi8Bible 1JelocitieB for channeis in Cecil Bandy lowm having 
't'egetal linings of the kinds studied 

Permiss!~le
Channel lining species nnd condition Bed .Iope Experiments velocity 

--'-'--~----------'I------I------'I----- •
Ft. 

per 


Percellt NI/mber sec. 

Bermuda grass: 

Green: a 2 (I)Long , ................. ' .............. ~ 
 10 I 2 8.0 
20 2 7.(1 

:I None
Short. kept cut •.••••..•.••.•••.•••••••. \0 1 

20 None 
a 2 pi

Short, cut just before tcst .' ............ . 
 10 o 6.51 20 1 5.0 

Dormant: j :I 1 P)

Long .................................... 1 10 . 
 I S.O 


20 1 (j.O 

Short, kept cut a G 8.n 

Short. clLl just beCol'e test .•...•..••.••.. , a 1 6.0 


Centipede grass: 
C;reen. long ., .... * •••• ~.,.O; .•••••••••..•••• 10 9.0 
Dormnnt. long . .•.... ..... ~ * •• ~ •••• ~ •• I ... to 8.0 

Dnills grns." urad crabgrass: 
Green, long' ~ ~., ... , •... t • ~ ••••• I 6 3.5j •••• 

Kudzu: 
Live, hen vy growth: 

Uncut ................................ . 3 4.0 

Cut ' .. " ... '.,.", ..................... . 3 1 3.0 


OCll'mnnt, heavy growth, uncut .... "' ...... . 3 2.5 
L ...~pcc1e1.u : 

Grt.!cn: 
Uncut (spring) .• ' ..• ' , .. , .•..... , . 3 I 0.5 
Long (sumnlcr) .,.. . -t ............ , 6 1 ' 0.5 
Short, cut Just beCore test .. ' .••..•... 3 4.5 I1 IDcud. uncut stubble: •
Spring • , .• ' , '. ' ... ' .. ', .. ', •.••.....•.. 3 1.0 

FilII , •• , ...••...••.••.••••.•.•••.•..1 3 3.5 


ScriccH Icspcticzu: ~ \ 
GI'cen: 1 

Uncut (not yet woody) ....... " ......... ' 3 5.5 

Medium long (woody) .................. . 6 i 1 :l.0 

ShOl't, cut just before test .... , .. ~ ........ .... f 3 1 3.5 


Dormnnt: ' 
Uncut ·<."· ••.• · •••••• ~ •••••• t •• 6 ' 1 2.5 

Do, ......... , ........................ . 3 1 3.0 

Short. cut previous filII .•..•..• , . 3 1 3.0 


Sudan grnHS: 
Green. good slnnd 3 o 4.0 
DelHI, long a 1 3.0 

GrlL'i~ mixture: 
Green, long' (summer) 3 6.5.'::"::::::::::::1 
Green 110;11 dormant, ~hort: 


Spring ancl early summer 3 5.0 

~'nll 3 6.5
", .. ,·· .. •· .. •• .. 1 

t VelO'!ity developed in tcsts wns insufficient to permit estimate. 

• 
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