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INTRODUCTION

[t i~ 2 matier of cousiderable importanee to a drainage engineer
to b able to Torctell whether silting or erosion will oecnr i n
drainage chnnnel, Satifactory and cconomical drainage often de-
pends npon the acctivacy of his prediction. For instaneed i silting is
expected G0 may be advisable to employ preventive mensures sueh
as sedmieitation hasins or chicek danis, thus ohviating the neeessity
of redredeing the channel Liter st great expense. 1 erosion in a
channel i~ anticipated, #oway be desienble to employ means to
provent it or to tuke advantage of 1t by digging, ot o comparatively
tfow coxtoa diteh smalier thau i~ actirlly needed and depending upon
the erosive action of the water 1o enlarge the Jiteh w the required
apacil v,

In many deainage enterprises 1 knowledge of the effects of silting
aned crvosion has been gained only dirongh costly experience. A con-
slerable part of the main outlet diteh of a large deainage distriet
i the Missouri River bottoms in eastern Nebraska was filled within
a few weekss and the crops on a lirge arca were destroyed by the
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deposit of sediment contributed by a mnber of upkand tributary
streams. This diteh was cleaned out at considerable expense, anil
further silting prevented by providing 18 settling basing and one
short diversion Hoodway.

A large ehannel in e main diversion floodway of u drainage
district in Missouri was canstrueted close to one of the floml“.l\'
levees far cconomy in handling the levee matorial. Erosion soon
hegan to nndermine the levee in places and seriovsly threatened it
m others: so that costly protection works and the construction of a
new levee in places, farther baek from the channel, were imperative
in order to averlt disastrous ﬂnmlk A foreknowledge of the possi-
bilities ol croxion and ~ilting in these two tnstances would Live
rendered possilile subetantial rednetion in the ulthuate cost of the
plnj[tla

There ave a nunber of draitage distriets in this conntry in which
l c:slmtllml:lv saving i the cost has been effeeted by construeting
a diteh of inwdeguate size and allowing it to erode to the roquired
size, There are some ditehes where ul\.lnt e caudd have heen taken
of the work of erosion with great saving to the landowners, In
one mstanee in westers Tennessce an enginecr. foresecing the pmi:—
able effeet of vrosion, tilnl not alienipt to prov 1th' a ditel larae enongh
for sati-factory drainage at the start, Most of the land in this
flistrict wis in timbers and by the Gime o biege portion of it was
cleareld and ready for cultivation the diteh had enlarged through
crosion and satisfactory deainape prevailed.

Duaring the investigations reported in this Lulleting measurenments
and obrervations were made Tetween 1913 and 1921 an 22 dredged
drainege ditehes in Mississippi. Tennessee. and lowa. The inforna-
tion prosented consists of  erossscetional aned hyilranlic measure-
ments anml resnlts of observation of all conditions that inflience
the vrosion and =iltine of ditehes. In these ~tisdies the writer las
been particularely inipressed with the faet that the measurenments of
the crus-=ectional area and fall of a channel alone do not atlord
adeynate information for o Tull story of erosion and silting, and
in the following pages an eifort is made to point out evidences of
other faetors that enter into the problem,  Tu is believed that the
resulis ol these juvestigations will assist the engineer in pulkinge
predictions s to prabable erosion and silting in ditches so that
draiunce himprovenments can be plauned accordingly,

RELATION OF VELOCITY TO EROSION AND SILTING

The erosive power of 1 stream varies as the square of the veloeity,
Thearetieally, the maximum =ize of particle (as measnred by the
diameter) which can be transported by a currvent. assuming bodies
of shmilar shape amd =ubs=tinee. varies a= the =quare of the velocity
and thetr weights {(a~=uming equal volumes) as the sixth power
of the velocity, However. it has Leen found by experiment that
the weights vary more nearly as the ffth power of the velocity.
From these general laws it is apparent that slight variations in
the velocity of u stremm may materindly ehange its crosive and trans-
porting eapacity. and that the nonsilting velocity varies with the
weight of the ~ilt particles.

Al
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Clay soils are characterized by considerable cohesion among (e
particles and they present greater vesisiance to eresion than o
sy or silly soils. Excepting very sandy soils it ix generally (rue
that o soil that ean be eroded can also be transported by the same
current.  Althonah clay soils are move diflicalt to crade than sandy
soils, vel after heing worn off the elay particles are more easily
transported than the sandy particles, Observations show that little
erosion of alluvial clay ol occurs where the velocily is much [oss
than 3 feel per secoml,  In some instanees the velocity i not sulli-
cient o erode the hanks but is enotugh to pick up and CHErY away
nialerial that bas caved into the channel, and o (his wiy the en-
Livgrement ol the channels takes place. The greatest erosion inoa
channel ceeirs I connection with the maximom veloeity,  Tlenee,
IC s important that the probable maxinmm velocity he known a
predicting the Qikelibood of evesion in g channel,  Tn the absence
of haclkwater condilions the maximnm velocify in a channel oceurs
with the highest aluon,

SHCEs transported by aostream In two ways: (1) In suspension ad
(2) by reiling atong the bottom. Bt is belicved, however, tha rollir
Py minor part in the wovement of =il in nios| drainagre ditehes,
The power of a stream (o teansport <30 suspension is derived Trom
the eddies at the bed. The upwird component of theso oddios tends
to prevent the suspended particles {rom sinking, aml the greater e
velocily of flow the greater is this npard contponent.  The eddies
generated an Lsgire Toot of the bod of o stream hold the <ilt in s
pension o vertieal column above, exterding o the surface of the
water, With o given density of =it in the water, the longer this
eolimn the greater would he the velocily of the water required to
SHpport (he =il Henee, it is seen that @ relstion may exist hetween
Hie velocity and the depeh sueh that no silting i the channel takes
place and Tor which, T 1t he already fully charged with silt, the water
will noi pick up and eavey ol mor matorinl, This veloeity is lnown
s (he critieal veloeity, The velation is oxpressed by Kennedy in the
erjiaiion,

A L A7

mowhich 17 evitical velocity in feot per seeond.
£ depthy of water in foer,
Foand weave constants depending upon ile kimd of it

The valves @ 08 and w061 were Tound (o e suitalle Tor fine
sandd suel as that fonnd in the beds of rivers in the Punjab (India)
shorthy after they bave lolt the hills, The enrve ropresenting this
eqtintion = hown in Figure 1. From this equation it is scen that in
nononsitting ehannel the velocity i independent of the widih, but
meren-ex with the depth of the channel.

Cotimn %ol Tables 12, and 3 (spe p. 13) ~how velocitios as taken
from thiz eneve corresponding (o the depths of the different ehannels,
and column 7 shows the veloeities obtaine! by measurenents Tor
Banli-full slages of the echannels. These latter veloeities are plotied
m Figure 1osvmbols being used 0 indieate whether erosion op stlting
oreties i1 the ehannels, T is seon from this figure that both erosion
ael silting took place in many of the channels and that silfing
ocearvesd where the normal veloeity was much greater than that
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obtained by the Kennedy formula for the particular depth.  This
iy have been due either to differenee in size of transported par-
fieles. or to the faet that the veloeity in a channel at the time silting
ocenrred was less than that nnder normad conditions of low, although
under normal comlitions the veloeity might have agreed closely
with the velocity as obtained by Kennedy's Tormula. ‘The size of
the particles transported by the different streams was not determined.
and sullicient data are not available to determine definitely what
happened.

Ordinarily the velocity in a drainage channel varies greatly during
apidly vising and Falling stuges and where affected by buclwater.
The prowth of vegetation tewds to prontote siltings ane to prevent ero-
<ion. ivrespeetive of the depth-velocity refation. Caving ol banks
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Vit s 1. Helatbon orween Koenmoly's veloeiilos s fmlieated by eurve, il i
wred velorities i elaineebs at eaiefull stges Tlae il peile U plotied
points Feler e e mchbers of the ditehes gdven ju Tubles 1, 2, aml 3

alten seenrs where the veloeity is insufficient to cavry sway euved-n
materind, Mozt of the ditehes invesdgated were alfected by oue or
niere of the above eonditions, so that it would be nnreasonable to
pxpret conditions ax regards erosjon aml silting to conform to the
Kennedy forutla Even though the conditions of caving buanks
ael growth of vegetation were climinated by proper side slopes arul
systematic maintenance, 1t 1% not helieved that Nennedys formula
wonlil be applicable to the design of drainage cluannels where there
are generally sach great variations in the velocity,

VELOCITY DUE TO THREE TACTORS

A common mistake in predieting the probability of erosion v
«ilting in a drainage channel is to base the estimate upon the fall
of the channol alone.  Though it is true that fall is the positive
factor that produces velocity through the action of gruvity, yet
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there are two other {actors thal exert a decided effeet upon the
veloetty, These ave the hyilrantie vadins and the resistance to flow
catzed by the condition of the channel, as represented by the value
ol uin Kutter's formula s the larger the value of w. the greater the
resistance to flow. The veloeity varies with these factors about as
given in the Forunda,

| AEE AN
where 17 velocity in feet per seeond,

(" is a constant representing the conditivn of the channel
(the greater the resistanee to flow the smaller is (1),

S LS
t.ell IR 0.00281
H &

002N,
N ! VI

LG
L

where 2—1he hvdranlie radins.

s ~lope of the water surlaee,
The tevnr = o the above formula s o measiee of all the conditions
it chiine] that tend o retard the flow.

Aninspeeton of the valoes given in the tabiles shows that the
Mighest veloeities are nat always in the chamels with the greatest
fall.  Ior instance, in comparing the channel of fhe Seuth Iorkel
Decr River at Roberts, Tenn, {Talile 20 0 1), which has o fall of
L2 Teel per e, with tiat of Cypeess Creele with o fall off WL 1 Teet
peraniles it s seen ting the former has the greater velocity due to its
Frger Bydvanlio vadins and less resistance 1o flow as represented by
e vilnes of w0 The hydranlic radins s squal (o (he eross—ecetional
aren divided by the wetted perbineter. This it is appaeent that o
Targe, deep diteh wonld have o greator hyvedaulie radins than woul:d
a sl shailow one.  For example, the bydranlic madit of the chan-
nels of the Sonth Forked Deer River ot Roberts and (he Bogie
Phati may be compared with those of Cypress Creek and Peean
Bayon as given in Tables | and 2.

A comparison of the channel of Willow Creek in Fowa with that
ol Bogue Thasty in Mississippi. where the hydrnlie vadii we. ve-
spectively. 335 and G the fall, 056 and 053 foot per mile, the
rotrhiess coellictent . 00125 and 00353, and the velocitios, 146 and
LG feet per seeond, shows that the hydeanlie radil and fall do not
ditfer preativ: the consideralde difference in the velocitios must
therefore be due (o the large difference in the rougliness cocflicient ».
("Uables 1amd 3,)

CONINTIONS AFFECTING EROSION AND SILTING IN A CHANNEL
VEGETATION

Vegetation in g channel ehecks or greatly reduces evosion and pro-
motes silting, A heavy mat of grass, high weeds, cattails, suplings,
o sl D slirnhs protects tie sail from the erosive action of the water,
and the roots holil tie soil In place. The vegetation teneds to retard
the flow. thus reducing the velocity and therehy the erosive action
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FROSION AND SILTING OF DUEDUED DRANAGE DITOLLES 7

distance from the edge of the bank,  To this cause may be attribuled.
i part, the wreat widening of the channels of the Boyer River in
Lowa, the South Forked Deer River at Robers, Temn., aud the
Bogue Phalin in Mississippi.  Another cnime of thoe eaving of banks
is tudermining by crosion, the portion above the undermined see-
tion of the bank eaving into the channel, It is obvions that where o
combination of e foregoing caises of caving operates on the bank
of a ditel the caving action is very rapid,

Slotrhing of the banks is very conmon in the Soutly where alter-
nate freezing and thawing often ocenr several Gimes diring a simgrle
spring season,  The freezimge heaves the soil, and when thawing takes
place the Toosened soil moves down the slope and the livst high water
thereafter washes 1 away,

The tendency to eave is grealer tor seme soilx than for others.
depending npon the angle of repose. Soils in which layers of sand
are Tonnd ave very sasceptible to eavine, Allnvial sift soils eave
wore readily than clay sotls. The side slopes of all of the channels
mnvestiganted were measared in order Lo determine sbout what EHITPI0
stonkd be wsed for diflerent types of soils. It was fonnd that for
strrethy atleviad soils in the Mississippi and Missourt River Doftons
in the States of Mississippi and Towa the averago of the side slapes
measured was 1oon 20 Flatler slopes probably would be requived
wlhere considerable saud is encountered or whére the soil is an ex-
tremely fine sili, - Measuvements showed that the average side sfope
of ditehes that deain upland areas in Town, Tennessee, and Missis-
stppi was about 1 oon 1ty The sty soils in these comparatively
murrow battonis are not o line axs those in the large viver bottoms since
they have been washod from near-by upland areas and carried off
at relatively high velocities,

AMaterial that caves into a channel is not always eaeried away bug
ny settle to the bottom. This happens where the velocity is not
sufficient (o wmove the caved-in material, as was the case in sone of
the ditehes in Bolivar County, Miss.  In Figures 9 and 14 are shown
erons xections of two ditehos where caving took place.  In the chan-
nel of the North Forked Deer River the veloeity was L37 feet per
second, sullicient to remove the caved-in material, while in the chan-
nel of West Bogue Hasty the velocity was bt 083 fool per second,
insuflivient to remove the eaved-in nuterial which settied to the bot-
tonr Practically afl the matevial in the bottom of thix channel cane
from the eaving banks since the the entire watershed is flat land, and
crosion is negligible,  In some instances the mean veloeity was high
cnough to fransport the materiad i the bottom veloeitios were able to
pick it up. Aeain, some banks eave info the channel as a solid mass
held together by vepetation and roots which even water flowing at a
high veloeity fails to move,  An examiple of this type of eaving oc-
curred i the channel of the Littde Sioux River ent-off in Iowa.
(PL22and e, 233 FFrom the Toregoing it is apparvent that the cay-
ing of diteh banks may be the cnuse either of the enlargement or of
the fitlling of a ditch,

RACKWATER

The effeet of backwater i o wnrked rednetion in the velocity of
flow die to o decrase in the slope of the water surfaee caused by
high stage af the autlet of the channel. Where haclwater oceurs
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the veloeity For any particular stage may vary widely. The maxi-
nuen oceurs when tie outlet channel is at fow stage. and the minimuamn
when an extreme flood stige s in the outlet channell Hence, 0t 3s
apparent Hiat the velocity may be such as to permit silting in the
channel af one time and scouring at ancther.  In addition to widen-
ing the channel., seouring muy wash out much or all of the st that
has accumulated during backwater conditions.  The Boyer River
at Missouri Valtey, Lowa. is a good example of (his type ol chan-
nel.  Backwater resulting from ffuctnations in its outlet channel (the
Missourt River) happens frequently amd has a very decided inflaence
upon Lhe deposition of silt in the channel. Where there is consid-
erable vegetation in a channel. silt deposited during periods of back-
watler may not all be removed duving tines of high velocity, and the
secmiated sttt soon ineapacitates the ditel, An example of this is
the Allen Creels Channel neay Missourd Valley, Lowa.

VARIATION [N WATER STAGES

Sinee the waler supply of a dreainage channel is dependent upon
prinfall, nud as the duration, fulensity, and amount of rainfall are
subject to extreme varintions, it is obvious that the stages in the
drainage chanpels will likewise be subject to wide variations, rang-
ing frous 2 stage 2 little above low water for light rains to one often
sovernl feet over the banks of the chanpel for heavy rains, Ifew
drainnge channels have been designied to carry the vun-off from the
heaviest rain.  In general the veloeity in w channel inereases with
the stage so that wide variations in velocity ocenr, the highest often
being sufficient to eause erosion amd the lowest to perniit silting.

Often in the case of a channel running Lo full capacity with o
high veloeity and water fully charged with sitt, the water supply is
suddenly cut off by the cessation of rain: this results in the deposi-
tion of much sift during the rpidly falling stage. Under such
conditions crosion may Lake place ut the high stage and silting
during the falling stages

ENLARGEMENT QF CROSS SECTION

When, owing to erosion, a channel widens and the velocity is
such as to carry in suspension all of the silt delivered to if, the
channel will maintain its original depth until the velocity is so far
redueed us to canse depuosit of the charge of silt. As the channel
widens the cross-sectional area ncreases so that the stage does not
rise %o high as formerly to remove the same quantity of water.  As
a resudt the hivdeanlic radins and the slope of the water surface are
slightly reduced with an accompanying reduction 1n the velocity.
Silting oceurs wnd dnereases with each deerement of the velocity,
and a gradial Ailing takes place, whicls keeps pace with the widening
of the channel. The deposits’ of sediment in Twenty Mile and
Chawappah Creeks in Mississippl probably were caused chiefly in
(i manner.  (Figs. 3 and &) The smme thing happened in the
channel of the Bover River at Dunbap amd Missouri Valley, Tows,
bt had not proceeded far ab the time of the last crosssectional
mensurements,  (Figs, 20 and 21,)
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SILT CHARGE IN STREAMS

The =it 1w stream may be washed from the surface of the tribu-
tary watershed, or it may be picked vp or eroded from the bed or
siddes of the chunnel, I the veloeify i not sufficient to eause erosion
ot to pick up material thal may eave into the channel, and if erosion
from the watershed is negligible, the water will contain very Iittie
silt and there will be practically no silting or erosion in the channel,
The channols of Pecan Bavou and Kaxt Bogue Hasty in Mississippi
are dastances where Lthe foregoing conditions prevailed, I these
same channels with their slight fall and low veloeity dreained up-
fand aveas, as is the ease with the channels in Lee County, Miss., they
wonld silt ap rapidly.

The guantity of st earried into clannels from upland watersheds
is exeeedingly vaviabde and depends lavgely upon the inlensity of
the rainlall and upon the susceptibility of the ground surface to ero-
ston, LE the Inndd surface be protected Trom erosion, as by systems
of good toreaces, very little washine will result, and the streums
will be practienlly free of silt,. With the exception of the strenms in
Bolivay County. Miss,, those mentioned in this illetin were, during
maximum {loods, almost fudly charged with silt eroded from the
hilly portions of their watersheds, When more silt is contributed to
i channel than the water enn earry. the exeess is deposited in its bed,
An example of this type of silting is the Cypress Creck diteh in
Tenuessee whieh has n Inrge fall and a fairly high veloeity, but
which was overloaded with silt washed from the comparatively
=teegy hillsiclos,

VARIATICN IN FALL OF CHANNELS

Other factors remaining the same. the velocity in a channel varies
about ax the squave voot of the all, Henee, i is apparent that if
the fall ean be changed af will any dosived veloeity may be obtained.
Mdvantage is tnken of this lret in eontrolling erosion on some streams
by building eheek dhivns aevoss them at intervals to reduce the fall and
thereby the velocity aad the evading power of the water. The same
wineiple s applied to prevent sifting in a clinnel. As ix generally
nown. the fall of most channels decrenses Trom the upper to the
lower end of the watershed s sometines changes i fadl are very
abrupt. but geveraily they are gradual. Other conditions being the
saae, the ehanuel will enrey more xilt on the steeper than on the
fatier grades. and where sbhrapt changes ocene and tor some dis-
tanee below thet point silting takes place antil the balance between
the =ittt caveied and the veloeity of the water is restored,

The anfereace should not be deawn from the above that the
velocly in all stremins where the fall deereases grows less as the
stresm appronches its mouth, Sneh s the care only when all other
conditions affecting the velocily remain the sumne.  For example,
the velocity in the channel of the South Vorked Deer River at
doberts, Tenn, was found fe be higher than that of the South
Forked Deey River above Roberts, at Jackson and at Henderson.
Miough the channel at Roberts has less 211 than ot either of
the other points, it has o larger hydeaolic radius and o lower value
of n—hoth factors that tend o produce a higher velocity.  Another

TO2SKRE — b —2
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cxample is the Bogue Phalin Channel in Mississippl as compared
with the channel of Bogue Hasty, a tributary of the Bogne Phalia.

The most sudden variation in the fall of drainage channels usually
takes place where a stream emerges from an area of rolling and
hilly eelict and enters the comparatively Mat bottom hands of a
large river such as the Missourl or the Mississippi.  Silt at high
veloeities is brought down from the hilly areas and deposited 1n
the bottom-land channels of low veloeily.  Such a condition exists
where the channels of Adlen and Willow Creeks emerge from the
hills, and the condition s somewlmt aggravated during times of
backwater from the Missouri River. Where this condition requives
too frequent cleaning out of a diteh it can be remedied by con-
~tructing sedimentation bhaging on the bottom land where the strean
ewerees Trow the hitls as has been done on several streams in the
Burt-Washington distriet in castern Nebraska.

YOLUME OF RUN-OFF WATER

Oher factors being the same, the total volume of water that runs
ofl throngh a channel inereases with the size of the watershed and
the amount of rainfall. Where the rainfall is the sume, stages in
streams with Inrge watersheds remain high for a longer period than
do those in streams with small watersheds.  Thuos, high stages in
the South Forked Deer River af Roberts, Tenn., with 'n watershed
areq of T0F square miles. continue usually several days, while in
Cypress Creek at Bethel Springs, Teun., with a watershed arvea of
G stuare miles, they last ondy o few houwrs. [t is thevefore appavent
that the time during which erosion and silling oceur is mueh greater
for a channel with a large watershed than for one with a small
watershed, and this aceounts Tor the faet that erosion is sometimes
slower in a channel with o large fall and swall watershed than in
a channel with a ghight fall and a large watershed,

In the case of channels with watersheds of the same size and
stmilar chivacterizties. the greater erosion and silting will take
place where the greater annual rainfall oceurs, since, for mstance,
the length ol time that high stages prevail in a ditch will be greater
where the annoal raintall is 60 inehies thau where 1 is only 30 inehes.
This is one ol the reasons why, other conditions being the snme, ero-
gsion and silting progeess more rapidly o the South than in the
North, the Trequeney of {loods being much less in the Nerth on
account of the lighter raintall,

EFFECTS OF EROSION AND SILTING ON THE DISCHARGE
CAPACITY OIF A CHANNEL

The discharee capacity of a ehannel may be tnereaserd by crosion or
decreased by sileing, In eolumn 9 of Tables 1. 20 and 3. opposite the
mean veloeities in column 7.are given discharges that were measured
for banle-full stages, The other disehmrges in this column were com-
puted upon the asstumption that the value of a for each diteh re-
mained the same ax at the time the aetnal discharges were measured.
Attention is particularly ecalled te the fact that, even where there
wis no chmnge in the vadue of 4, an inercase in crosg-sectional area
does not necessarily result in an increased discharge eapacity sinee
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the hydrandie radins may decrense =ufliclentiy, on account of silting,
to olsel the inereased eross-sectional arvea ennsed by erosion. By
reference to the tables it is seen that in many instances decided in-
creases in discharge capacitios (wole place where there wus very little
change in the valne of u. judging from the condition of the channels
~hown in the photographs.  Drainage conditions over the boftoms
vained by Twenty Mile Creel in Mississippi and the Novth Forled
Dreer River in Temnessee improved greatly as o residt of the inereased
thischarge capacities of these chanuels. T hoth of these instanees
cansidernble finmneinl saving was effected by digging o channel
rinaller than was needed and aliowing the action of crosion to enlarge
i te the required =ize. 1t is tine that, in adopting this practice. the
benelit from crosion ix not realized humediately, However. in the
caze of the North Forked Deer River, by the tine o large pact of the
Fand was cleared and ready Tor enitivation the ditel bud enlarged
Lo ndeqguale =iz,

On the other hand. silting may ocenr and deerease the discharge
capieity of a diteh, s in the case of Cypress Creele near Bethiol
Spings, Tenn. This is very common where sile hrought down by
apland streams i deposited In chmnels extending through bottorm
Tl

FIELD MEASUREMEXTS

Prelimimary (0 making the ¢ross-sectional measurements of cach
strean a length of channel wis seleeted in which erosion and silling
were typieal. These courses vanged in length from 300 to more

than 1000 feet. Within cach enurse fram live to elrht cross sections
were made and these measurements were repeated at intervals of
from one to eight years.  The measurements were repeated onee for
some =lreams and twice for others.

At the time the lirst eross soetions were mele, mvasirements of (he
surface slope and veloeity of flow were also made (o detertuine (e
rotghness voeflicient. #o 1im Kutter's Tornln, The results of these
Latter experiments and the methods of waking meastirements are
presented in Teehnieal Bolletin 129 Tlowever, some of the results
are inehuded in this Tdletin to <how the relation existine between
=ilting and ceesion, el the hvidrulie clements in g channel,

COMPUTATIONS

The mean erossaseetionn] aveas given in Tables 1 1o % wore deter-
mimed i the following mauner: The several eross sections along o
course were plotted on erosssection paper: these were then sUpor-
imposed w0 that the eenter lines and the waterurface lines for o
Bank-foll stage eoincided: 2 mean erosssection line was then detor-
mined for cach <ot of measurement=, and these were plotted as shown
i Fiorres 2 to 238, inclusive, ome over another as deseribed above.
Any change in the ehannels daring the period of observation is
thus evident.  The original vross seetions of the ditehes. aeeording
Lo the engineer’s spevilieations, are also plotted with the mean eross
sections, but it shonld he remmembered that o dreedecd seetion seldom
conlorms elosely (o the specified dimensions,

PRASEE, GO K Pow o WATER IV DEANAGE CHAMSEEs, U, 2 DeDt. Aze Teel, Tl
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The water-smrface line for bank-full stuge was plotted on both the
mean cross seetions and the several measured eross sections. In
eages where the spoil buanks serve as levees this line was talken as
level with the ground surface ottside the levees. For that pmit of
cach memn cross section helow the water-surlace line the cross-see-
fional nrea, wetled perimoter. top widtly, and average depth, which
thus represent the mean values in that course of the channel, were
determined. The cross-sectional areas were memsured with plani-
wmeler, The hydraulie radiug for each mean section was computed by
dividing the eross-seetional area by the wetted perimeter. Values
of nonsilting veloeities corresponding to the average maximum
depths were taken trom the curve representing Kennedy’s formnula.
(e, 1) Computations for values of # in Kutter’s formula were
made in the manner deseribed in Techinteal Bulletin 129,

TABULATED RESULTS

Tables 1 to 3 show the hvdranlic elements of the channels fogether
with data relating to the clinnges in the channels due to erosion and
silting. In most cases the crosssectionnl aren given as of the time
the diteh was constrneted s based upon the dimensions given in the
engineer's specifications for the channel. Usually a diteh is dug a
little wider and a little deeper than the specifications reqnive, but it
may be dug smualler.  Consequently not much dependence can be
placed upon these areas, and they are of little sigmificance where
enly a shght ehange has taken place in the channel. Where a_very
ereal chanee has ocenrved, as in the Bover River at Dunlap, Towa,
the probable error in the origrinal area at construction would not be
loree enough to afleet materially the pereentage of change in the
eross seetion.

Iu eolumn 7 ave given the mean veloeities in the channels which
wore measired ut about the time (he cross-seetional measurentents
opposite which they ave placed in the table were made, and in colunm
s are shown the velocitios covrresponding to the avernge maximuam
depth for cach channel as compuied by Kennedy's formula.

Colmm Y =hows the dizeharees of the channels in cubie fect per
second.  The values given oppesite the veloeities {eolumn T) were
abtained by aetual grgings. The other values were computed hy
using the values of slope and p, which are given in eolimng 13 und
I+, and which were determined at the time the gagings were made.
The dischurge values are oiven {0 show the effect of erosion or silt-
ing upen the discharge capueity of a channel provided no change
in the rouchnesz coellicient oeeurs,

The memn maxinmm depths and mean (op widths of each chan-
nel are given in eolimins 10 and 113 these valnes indiente the changes
in depth and withh cansed by crosion and silting,  Column 12 shows
the mean hydeaulic rdiis changes in which indieate variations in
the hydeaulie elliciencies of the chaunels, other tactors renuining the
Same.

In column 15 are given the depths at which the water stood over
the banks for fleods during the season in which the discharge meas-
urements were made,
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Lo~ Data relating to changes tn decdged drainage charndds tn Mississippt due to erosion and silting
[ g g

Streain

AMud Creek near Tupelo,
Miss,

Twenty Mile Creek near
Baldwyn, Miss,

Chawappah Creek near '
Shannon; Miss,

Coonewnh  Creek  near

Shannon, Miss,

Bogue Phalia near Tlelm,
Miss

Bogue 1asty near Shaw,
Miss.

Pecan Bayou near Shaw,

Miss,

West Bogue Tasty near
Shaw, Miss,

East Bogue Hasty
Shaw, Miss,

near

of

measurenient

Jan., 1913
Mar, 1914 -
cAug 19

My, 1921

dan., 140 |
SMar 1913
Aug., 148
May, 1041
Mar, 103

LU

May, 1u21

May, 1904 ¢

S Mar 10138

A, 101y

i May, 1413 ¢

- 328
May, 1421

Sept., 1l

0 <dan,, 1914
May, 1421
July, 1011

<Nov., 1
CMay, 1921
[us]

191

12

July, 1911

16 < Nov., 1914
¢ 21

values as where measurements were made,

<Jun., 1015 | ]

ross-seeti

199

1

e
r

= g B

1

; Lt per It per

.
3

imum :

CMoean

sec. gec.

R
+ 1

K N

+ Mean top width

85,0
FUR]
107, 4
&0.0
6574
{0. 0
¥

t
e of 0 RKutter's

c Mean

Ft.per

Feet  mi.

0.0203

U440

L0385

L0430
0313
033
L3
L0436

. 0430

SN SIS ~1 2

 Feet

3.0
3.0

20

Time elupsed
between meas-
uremnents

1and 4
Jand 4

tand 3.0
2uml ¥

tamld .
2and 4.

dandd
Zand 3

;
Tand 3.’
Qand 3.

1and3..
Tand 3.

1Tand 3.
2and 3.

cand 3.,
2l 3.

Tand 3 .

2aml 3.

8

10
&

10
6

]
f

+54.0 7

|

Per cent of
chianpe

+~33.3

+ 146, 4

+33.0 |

10,4

20 166

S840
Fl6.Y

+38. 6

+61.2

R (14

-+ 203

36, 6

}

T
<

\vidlhi

1 Original cross sections at time of construetion computed from-dimensions of channels given in engineers’ specifications

Not as much dependence can

he placed upon these
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Columins 16, 17, and 18 show the time that clapsed between the
measurenients as numbered Inocolumn 30 In columns 19 and 20
are given the per cent changes in the eross-sectional areas and the
discharges duving the periods between the measarements indicatwd
in eolumng 17 aml 15 Usially two values wre riven Tor each diteh,
the first value indicating change (hat occnrred hetween construction
and the final measorements and the second indieating change be-
iswecen the list amd the final merswrements, Columns 21 gned 92
cive the changes in depth ad top widthe showing whether siting
or erosion foole place during the peviod of abzervation.

DESCRIPTION OF
| CHANNELS
+

STREAMS IN L
COUNTY, MI1S

EE
18

Measurements  of
the following four
channels were nude
i LeeCounty. Miss, :
Mud Ceeek, Twenty
Mile Creck, Chaw-
appalt Creele, and
(C‘oonewah Creek.
Faeh of these chan-
nels was nearly 10
vears ohl at the time
ol the st meastre-

i
MAY, 192|

| |
F !

[ ; ments  and  they
TN el : —I— therefore  atford a
T . gond wpportunity

” for the study of cro-

" MEAN CROSS SECTION

= .:airm :uul_ _siltiu_g:.
i I'he  conditions in
I | these rchannels are
! typical of those in
]
f
I

the uplands of Mis-
sissippt amd adja-
cent  Stutes  where
the waler<hed areas
range from about 50
10 L3t sguare miles, amd where there i= considerable Tall. The rough
andd rather steep watersheds ave =ubject o rapid erosion and the
=trenms ot Hood staoes are therefore heavily laden with st and saned,
The anpuad ramlall i= abont 50 inches,

Frapar 2 —0Cross secbivus of Mt Creeel gesr Toge o 335

MUN UREEK

C'ross sertions of this channel were meaznred along a conrse L1
foet in length just above the highway bridee about 1T mile east of
Tupelo.  The first measwrements were miade nboat one year after
the channel was excavated, and the last measurements about eight
vuoars after the fivst. From Plate 10t i= apparent that the channel
deteriorated greatiy. having becote choked with o growth of weods,
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sprouts, and willows. Mthough the stream has 2 comparatively
good Tall the rate of cnlargement due to erosion was relatively slow
(i 2} since the vegetation in the channel tended to decrease the
velovity md protect the soil from evosion. The soil is an alluvinl,
sandy, waxlike clay.

TWEXTY MILID { REEK

In this channel mcasurements were made over a conrse 324 feot
fong Lelow the highway bridge about 1 mile east of Baldwyn. By
referring to ‘Table 1, it is seen that this channel inereased rapidly, in
buth depth and width, for several years aftor construction; then
sedinentation bepan and., while the widening continund, 2 consider-
iahle deevense in depth orcurred as ix shown in Figure 3. Fhe large
fait, Treedom from vegetation (pl 2}, and susceptibility of the banks
to cuving were principally responsible for the rapid widening and
crosion of this climnnel. The sandy natore of the soil rendered the
banles particalarly subjeet to caving, which was ereatly aceelerated
by the weight of the spoil banks placed near the edee of the diteh.
During the first few years after construction the water carried away
most of (he material that eaved inte the channel; but when cavine

v \
~ )

M

I~

e

o

Frot nn S Crass seeiion of Twetiiy Mile Crecic sear Balidwyn, Miss,

of the spoil banks began, the material fell into the channel faster
than it conld he carvied away by the water amd mnch of it settled to
the hottom. .\ part of the gediment was cansed by st and sand
washed Lrom the hills during floads, some of which was deposited
in the channel when the floods subsided.  Moreover, the velocity in
the channel was deereased Trom year to year as the cross section grew
larger. Figure 3 indlicates the extent to which sediment was de-
posited. The ~oil 3s a0 waxy clay losm containing considerable saind
which makes it particularly snseeptible to erosion.  Since constrie-
ton, drainnge comditions have continned to improve with the increas-
ing discharge capacity of the channel,

CIHLAWARPAE CHERIC

Memsnrements of thiz clunnel were made along a course 320 feet
in length Letween the highway and the eailvoad hridaes one-half
niile sonth of Shannon, The conditions governing erosion and sift-
g on this channel were almost identienl with those of Twoenty Mile
Creel. exeept that possibly the soil does not erode so easily.  (IFig.
4} The chanael was practically free of vegelation in 1913, and
exeept for o few sall saplings contained fittle in 1920 {(PL 3.
The sotl vavies feom 2 sandy loam at the top to a waxy clay at the
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bottom. ‘The discharge © lin(t{\' ineressed, but not as much as in
{he cuse of Twenty Mite Creck, sinee the h\(ll anthie radins decrenseld
after 1913, while that of Twenty Mile Creek showed 2 sall inerease,
The incrense in dischavge eapacity hetween 1903 amd 1921 was not
sullicient (o enuse wneh provement in drainege comlitions, while
the inerense prior o that tine effected a very decided improvement.,

CRONEWA L ¢ BEEK

Cross seettons of this channel were measureed along w cowrse of
130 Teet between the lighway amd the  eailrond l]lll];_"‘(.‘ abont

i ke b Crosy seetlon of Chawappuh Cecek pear Shnnoo, Miss,

three-funrths of o mile north of Shannon. Tharing the first few
vears afier construction 1his channel was practically free of vegeta-
tion, and s enlirgement due e erosion and eaving of the banks
was very rapld. (Pl amd figs 5)0 A mrowth ot lienvy prass
then appeared in the channel s erosion was cheeked and siltingr ook
place, giving the condition of the chamnel as st the Jast measure-
ments, Later, the channel was eleaned ont and somewhat enlarged
by the bee of dynamite. The view in Plate & B, was taken after
this worle was done. The soil s a sandy elay omne The incerease
in diseharee capacity sinee construction resulted in tproved
drainnre comditions,

Frat v S,—Uronss soetton of Coameswatr S eeed, posle Shonon, diss,

STHEAMS IN BOLIVAR COUNTY, MISS,

Five streams in Bolivar County measnred were Bogne Phalia,
Bogoe Hasly, Peean Baveu, Wes, Begue Ihsty, and Fast Bogue
Jasty. The watershed aveas vary in size from 13 sire niles
For Peean Bayot to 328 square miles for Bogue Phatia, The water-
sheds of (hese ehannels are practically flat, the strenns beine in
part af the hottom lands of the Mississippi River cotnmonly koown
as the Delta.

Erosion and silting conditions in Bolivae Connty arve quite differ-
enl from those in Lee County. Practically no erosion oceurs on the
watersheds in Bolivar County, so that what dittle silt ix found in the
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cipnels is eroded from the basks and bed.  Execepting Bogue
Phadin, no apprecuuble crosion ocenrred in these clannels, the
hyvdrantic radins and £all being too small to produce sulticient
velowily to ease erosion,  Althongh Bogne Phalia has only a slight
Fall, it has a barge hydraulie radins to which is due the high velocity
that vesulls in considerable erosion. Conditions governing silting
and ervosion in Bolivar County are typleal of those prevailing on the
hottom Tands of most ege nivers whoere the watersheds of the tribu-
Lary stremos arve confined to the bottom inds, The annual rainfall
i5 abont 30 inches,
BUGTE PPEHMLIA

Mensnrements of this channel were nude on g conrse 1088 feot
oy Joeated abont ope-half mile above the bridge of the Yazoo &
Missizappt Valley Railiond abowr 2 miles from Helm, Up to the
time the first measrements were made {Tanuary, 1913} the chan-
pel had dnerensed o depth, widthe and hyvdeaonlic radins, (Fie. 6)
Mier that o Slight inerease i the depth and a considerble inerease
in the width ovenrred, but the hivdeanlic radins did not change
wreatly. The boltom was covered with abont one-hal$ oot of sand.
atied considerable vegotation. sueh a< willow and cottonwond sap-
e, was Tonnd in the channel at the time the neasarements were

P quer 6,—Urems soction of Dezoe Uhalin, pear Tleim, Miss

wadde in 1920 {PL5 LY A view of the same cowrse of channel
taleen daving April. #9150 0s shown in Plate 5. Ao At that time the
channel contrined very Hitle vegetalion, and the banks were slotgh-
e off very rapidly. This action was cansed by the sandy nature
af the soil. the great depthy of chammel, and the effeet of frost. Some
undermining of the esks resulted from the washing awny of wundy
fayers in the =otl. When (he widening of the chunnel reached the
spoil ks the caving vetion was groatly inercased by the weight
of the Intter. When the sheht fall of the channel iz considered,
the velocity appears o be rather Bigh, a condition due to the Iarge
hyvdeaube radin= and the low frietionnl resistanee to flow. The
upper =oil & 0 ey Joam. below which 1= g sandy Joam.

BOGTE ILARTY

A conrse of 1039 feet just above the highway bridee about 3
milex wesl of Shaw was selected. Table © shows that the velocily in
thix chinnue! wax low. heing only halt that in the channel of Bogue
Phalin. The slight increase in crosssectional area was chielly due
to slonghing of the banks, {Iftg 7.} When the measirements were
wiele 0 1913 the apper part of the channel was covered with weeds
and snidl tree sprouts. This growth inereased fronmt year to yvear
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untit by 1920, when the growth was vemoy v, the Lls.m;wl huud become
vhoked with -am‘tli willow und cottonwood trees. Views of the chan-
nel are shown in Plate 6. The npper woil of the ehannel is a dink,
sttty fopnn, amd the Jower a datle-veliow elay, which s sticky when
wol miud whieh eraelks nnd erunthles whoen ey,

B jit 1. U ross weethon of Daeine Liasiy, Denr Slhaw, Miss,
FECOAN BAYOL

Cros “tinnal messarements of this channel were made alopg a
cuttrse ot 3 feots about 6068 feet nhove the nghway bridge 5 miles
south of Skene and abenl 3 miles northwest of Shaw.,  This chan-
neb fias o very low veloewy and Titgle I The crass-sectinnal aren

Paring s Vress seeiiog of {eean Bagaen, teeae Shipw, Miss,

decrensed slightly Between B4 and 1921 doe to safting eaused largely
ty vegetation which srew up in the channel.  (Fig, 5} Hadd it not
hoen for this rr:m\lh Ihi' channel wonld no denbt have undergone

litdle changre.  (PL 7.} The soil i+ a dark waxy clay.
—_— : T ya y—
: — T —
VoA
] Y 4,‘&
X LA : d %h
—ET T tyof;xL : .;-7
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Fiop ki A, -Crass seclion of Wost Degoee sty e Shew, Miss,
WEST KU HANIY

Measarements of this channel were made along a course of 757
feet above the highway bridee abont 1 mile east of Litton and 6 miles
Ill)llil\\(“\t of Shaw, Thix channel has a very low velocity; a slight
inerease in the eross sedtion of the ehannel resuited from the tbnm ey
of the banles to stengh when alternate freezing amd thawing oeenrred.
As shown in Figure 9 the channel decreased in depth and gained
in wideh,

TUUSSY g
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ERSINON AND SILTING OF DEEBGED DRXNAGE DITCOTLES ‘)9

Views of the channel ave presented in Plate 8. [n 1906 o few
wees were fonnd on the glopes, and between that thme and 1920,
when the channel was eleared, a thicket of brush, sprouts, amnd
sall saplings grew upe Plate 8, B shows the banles Tined with a
thick, short growth of vegetation which sprane up alter the channel
wis eleared i 120, The soil is similaoe o that found in the clunngl
ot Bogue iTasiy.

FAST 1500 0F ILARDY

o measurenents of this channel o conese 502 feet longe just above
the Tighway bridae ahont 2 miles east of Litten and 5 mwiles north-
wesl ol Shaw was selected. Between November, 19040 and May,
I this chiannel deereased in eross-sectiomn] area on account of
siiting, (Fige 10.) 0 No doenbt this silting was enused by the thiek
growth of sprouts and saplings that sprang up in the channel he-
fween 1015 and 1920, when the channel was elearsd, Views ol the
el are shown in Plde o The soil is o darck elay which cracles
ahd crinmbles when dry,

STREAMS IN WESTERN TENNESSEE

Measorements ol ~even channels were made in western Tennessee:
South Forked Deer River at Roberts, Jadeon, and Henderson

Fraraz 100 Cross soetion of Fast Dogoe Thisiy near Shaw, Miss,

North Forkel Deer River: Inggins Creeke: Sogar Creel; and Cy-
press Creek,  The watersheds vary in size from 6 square miles for
Cypress Creele (o 704 square miles Ter the South Forked Deer River
a1t Roberts. Cuomlitions as to erosion and silting in these channels are
similae to those Tound in the chanpels in Lee County, Miss,  [Tow-
ever, they cover a mueh wider range with respect to areas of water-
shels al size of ehannels, The topography of (hese watersheds
ravges from gently relling to very rongh and hilly, and constderable
surlace crosion ovenrs. The annnal raintall is about 50 inches,

SOPPTIT FORKRED DEER BIVEL, XEAR BOBERTS, TEXN,

Cross seetions of this channel swwere weasured along o conrse 1412
feot i length foust above the lighway bridge about I mile south of
Roberts, Sinee construction the clunnel has been quite {ree from
trregrtavitios i the sides wnd bed and practieally free from vegeta-
tron. Adthongh it has o comparatively slight fall, its high velovity,
which has eansed a rapid rate of erosion, is due {o its large hydrulic
radding and low frictional resistanee to flow as indicated by the low
value of & obtained.  The hydraulie roding and the eross-sectional
aven inereased materinlly between 1915 and 1921 {Fig. 11.} This
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increase eame Trom o widening of the channel due both to the eaving
of the Banles after the recossion of floeds and 1o erosion of the soil
The soil i an alluvial =L loam. Views of the channel are shown
1 Plute HL

ST FORKED PEER RIVER NEAML JACKBON, TEMN,

The ehannel at this point was erosssections] along 2 conrse of
652 feer ahove the Bolivar Levee read bridge about one half mile
from Jaekson.  Although the channel at this paint has a el
greater fall than at Roberts, yet the veloeity is slightly less sinee

N

\ ‘.".

FG1 e 11— Cpesin sec Gisue el Baath Forked Deer Hiver avar Roberts, ettt

it has a smaller hydesulie radins and a greater resistanee {0 flow
as indicated by the values of # obtained for the respective channels.
CTable 2 A Inivy comparison of the rates of erosion of the two
ehannels can not he mde sinee only a short tine elapsed between the
Lwo seis of cross-seetional mensurements at Jackson. The soil is o
firm, waxy clay and does not seem to erode or cave wstly, Between
January, TNT. and Angust, 1918, the channel increased in depth
Bt not in width, {(Fig 12} There was practically no vegeta-
Gon in the ehannel a~ may be =een from the views in Plate 11

- T
P —— e S——— T

CAUG. 1918

Foornn 13 —Crnss geetion of Sanil Forlsd Deere 1Hver near Anckson. Tenn,
=TI FORWED DERE VA NEAL HENDBEUSON, TEXNX,

Cross sections wore meastired along o cotrse of 624 feet above the
~teel highway bridge about 2 miles east of Henderson.,  Thix channel
wits nol enlarging ax fast heve ax at Jackson and Roberts sinee it had
a smaller hydranlic radius and @ jower velocity. s may Le ween in
(e views in Phate 12, there was not mtich vegetation in the channel
and (he banks were irrecular and caving,  Silting amounting to
over one-half fout in depth ocenrrad between Aprill 1816, und May,
001, when the channel was in good condition and had irereased eon-
siclernbly in dischayge eapaeity since consd ruetion.  (Fig, 13)  The
ot 1s n Ailty foany
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XOIETEL 1OUKEDR BEFE BIVER

This ehiannel was measured along a course 700 feet in length above
the Tlnntingdon Levee road ahout one-half mile from Trenton. The
high velocity of How was partly caused by ihe low [rictional re-
sistance. there beiny very little Yegetation in the channel as way be
soen Trom the views in Plate 13, The ernsive action of the waler on
the =ides and bed of the channel and the eaving and slonghing of
the hanks cavsed an enlargement in both depth and width ot the
channel. An dden as 1o the progressive erosion of the chanoel can
be oblained from Fiewee Mo Fhe soil varies from an allnyial
SHv loam at the top to o heavy silty elay at the bottom of the chan-

[HE fopenr Hlewdeeson, et

nel wid ix quite susceptible 1o erosion. The inerease in discharge
eapacity of this chaunel since constraction has greatly Improved
dreainage couditione,

HUGHINS CREEE

Cross soclions of this chanmnel were measured along a course of
911 feet above the highway Lridge loeated abont 100 yvavds cast ol
the Mobile & Ohio Railroad near Finger. This channel is very
irvegratlar, and the side slopes wre covered  with vegviation, both
factors contribuling to the low velocity,  (PL L) Moreover. the
channel is small and has a smadl hydreaalie radins, The vegetation

Frorel 14, Cress seetion of Nurth Forked Deer Biver, none Teenton, Tean,

(o 0 considerable extent provented erosion. and the veloeity of the
waler was insultivient to piele up all the material that sloughed off
the banks of the channel. "Thix and the Sugar Creele Clinnned we
extmples of a very slow rate in the enlargement of a cliannel even
where the slope Is comparatively great. The soil s principally a
heavy silly Joam. See Figiee 1o for eross sections.

SUGALR CREER

Menstrements of cross seetions ol this channel woere made along
a eowrse of 669 feet, half of the conrse being steaight and hadf o
stooth, casy curve. Both the sides and bottom of the channel were
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irregular. (PLIS) Assiown in Plate 130, there was practieally
no vepetation in tllo channel. whereas in May, 1921, vone vegetation
was present, as indicated by Plate 1y, B Although the channel had
maore full than any of the clinels heretofore wentioned in this
croup. yet a much Iower velecity prevailed beeaonse the frictional

VGl e To,— Eross seetion f amain e Creek alrsdged eluaeel, oeae Piagee, "Tenn,

redistanee to How was lorge aud the hyvdeanlie radius smalls Adlen-
tion s partienhiely called to this Taet sinee an opinien connnonly
prevafls thal the greatest eroston talies place inoo chaimel with the
rreatest Tall Il"":lll“t‘\k ol the other Taetors. The sotl in the ehannel
1= a0 lrhit-ve Jow elay. very fenacions ‘lllll mueh less easily eroded
than the =il in the ehannel of South Tarked Tleer River. Cross

ek 13 10 —Utos . ~ection uf Suzar Creeel, oo Hemderson, Tenn,

sections in Ficuree 1 show that the rate of crosien in this channel
was comparatively slow during the period of observation.

LY PRESS CRERK

Cros= sections of 1his channel were meeored along @ course 308
et Tong above the highwas bridee ot Dethel Springs. Phis channel
inereosel in width on aeconnt of erosion of the banks, bul not much

Trooun U s seebion of Crpress Ceecl, e Tiethel Sprvines, Tenn,

clmnee vecurred o seetional area hecatuse the ehannel deerensed in
depth s o result of the deposition of silt and sand. (IFig. 17.)  This
miay seer imustd sinee Cypress Creel s aomoeh greater fadl (han
any of the othee measured channely in Tennessee.  Flowever. ils
f1v Uranlic radins is vory smadl. atud the side slopes are protected Lrom
crosion by vegetation.  (1’L16.)  The st and sand in the bottom of
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the channel come principally from the watershed where crosion is
very nctive, Adthongh the channel has a faiely high velocity, the
waler is overloaded with soil washed from the hill slopes and is toreed
to drop part of it in the channel. Fhe deposition of silt s due also
to the rapid deerease I diselinrge and consequent deerease in veloeity
fullowing flowds,  Beeause of the slight depth of the channel very
litte caving of the hanks has occnered,

STREAMS IN WESTERN [OWaA

Measirements of six chaonels in western Town were made: Allen
Creel, Willow Creel, Boyer River at Missouri Valley and at Dunlap,
Pigeon Creek, and Little Sioux River cut-of.  The watershed aveax
of these streams vary from 59 square miles for Alion Creek to 2,650
sguare miiles for the Little Sioux River eut-oft. The watersheds Lie
principally in the aplands, which yaey from undulating to rvolling
and rough, and the ground surface 1s subject to considerable erosion
during floods the stremns arve therefore heavily ehavged with the
eroded soil. Dhiring one of the largest flosds a biucket of water taken
from a streanr contaived about one-lourth silt by volume, The
streams, particilarly these in the vicinity of Missouri Valley and
Creseent, arve alfected by backwater from the Missouri River. ™ Dur-
g periods of backwater the velocity is greatly reduced and silting
tikes place. However. shen a high stuge ocenrs in a channel during
aJow stage of the Missout River, ihe water has & velocity sufficient
to earry away o farge part of the <t previously deposited. The
annual rantall s abont 30 inehes,

ALLEN CREEK

Cross wections of this channel were made along o conrse 794 feet
g helow the fivst highway bridge north of ithe Chicago & North
Woestern Raitway about 1 wile west of Missouri Valley.  Thig chun-
nel hadd been redvedged shortly before the firsl meastivements woro
made i Jupe, BT In Plate 17 are shown views of the channel.
[n the fiest view it is seen that the channel is uniform in eross seetion,
that vegetation was springing np over the (lat side slopes, and that
the slopes were covered with w coating of stlt of » slick nature.
The soil is a darle, silty Toam. The growth of vegetation continued
to nerease il foue years lator the channel was in very bad condi-
tion, as shown in the seeond view, The absence of caving banks
wirs na doubt beeause of the {lat side slopes, and the lack of erosion,
whieh wunlly ocenes with sueh a high velovity, probably was atirib-
utable to the presence of vegetation.  Siltine occurs ab tines of
veducerd velocity when the stream s alfected by Dbackwater from
Mis<ouri Riveryund the rate of siiting is inereased by the vegetation
in the channel, No doubt large quantitios of silt were earriod away
dhiving periods of high veloeity, but this action was not suflicient to
lreep pace with the yapid silting during periads of backwnler. The
tlecrease - eross-sectional area (fig, 18) of this channel only Deing
considered, and the effect of vegetution being disvegarded, the is-
charge capacily deerensed materially between (T and 1921,
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WiILLOW CREEK

Meastirenents of this channel wore made along a course of 100+
feet below the Chivago & North Western Railway bridge at Missouri
Valley, This channel was vedvedged a0 19017, In Plale 18 are
showit views of the channel, the fiest taken shortly after {he channel
had been redreedged, and the other abont four vears inter.  Boih
stlting and erosion have oceureed in the channel as may be seen from
thie views and from the eross sections in Fromee 190 o June, 1987,
the channel was practically Tioe of vegotation, It four vears fater
vonsiderable vegetation wis present in the upper parl of the chomel,
ithovgh mneh less than was found in the channel of Alen Creok.

4-..___I___.—

e 08, Cretd ceeilon of Aen et veek meste Minsouri Vitdey, Lowa

Feis hedioved that this seconnts for the fact that there was erosion
it this ehannel wherens there was none in Allen Creek, and {hat Tess
stitiug took place even thoneh the fall and velocity were less than
i the ease of Mlen Creel. Fhe silting that ocenrred was on aceount
of the reduced velocity emiseld by backwater from the Missouri River.
The soil is a heavy, dark, siliy dosm similar to that foumd in Allen
Creek, Were it nob for vegetation in the channel, the discharge
capaeil y wonld have been somewhat larger in 1928 than in 1917 when
(e st eromseections! measirements were mndo,

Eatppenrs that vegetation grew wneh more rapidly in Alien Creek
probably heeanse the deainage ares ad therefore the low-water fow
wits fess than i Willow Creck The effeet of vegetation in this chan-

./’.‘/‘:
- i — // r/
\‘5‘}7
nl
— ] Dl
] ——

Freaae 1 Croes 2ot of Wilow Creeis deedaed elsmed nems MissonT Valley, frwg

nelyno donbte played @ nuch more prowinent part in silting than in
the channel of Willow Creck since. judeing fram conditions shown in
Plate 17, B, the value of (he roughness coeflicient mnst have been
high and the velocity correspondingly low,

Booy Br BEVER NEAL Missiditiit VVLLEY, lowy
Crosssectiom! meastreinents of this chaunel were made above

the Lincoln Hlghway bridee abont 1 mile from Missonr Vailey,
along & course 8s Teot in tength. Athough this vhannel has Lot
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littie fallo it bas 2 high velocity due fo is Targe bydraudie radins and
very low resistanee to Now, the valne of » nhl.nm‘(l {or this elinnnel
at Dande-Tall st age being 001531, Kobogeoment of this channel from
eroston ated caving of The banks has been vor ry rapid. (Fig, 20
This eaving has ln'vn aeealernted considernhbly h\' the weight “of 1he
spail banks, most of which luve eaved into the channel. At the
time of the easurenments i 1921 about 2 feet of silt lay in the
hottorn of the channel. Silting oceurs at one Gime and erosion
or the washing out of the sit af another. depending upon whether or
o !hv slape llul veloctly are redieed by hacliwater from the Mis-
sonyi River. Sinee this channel deains abont 906 square miles, there
v atwavs nn appreciable fow-water flow which prevenls the growth

T
S

Prgt s 20 Cpoes seetion of Boger River 1 Micsand Volley, Town

of vegetation in the botton, There was practically no vegetation on
the side slopes i 19200 The soil s a dark, sHU: loam underlaid
by harde vellow elay. The considerable inerease in the discharge
capmeity of this elunnel that accomipanied the large inerease in
crosssectional area resufted i a decided improvement in drainage
cotditions over the adjoining bhottom fnds, Plale 19 shows views
of the channel,

POYER REVEIL VAR BUNL A Wy

Thi~ ehinnnel wis weasired on g goirse 904 fou forgr above the
hichway bebdee about one-hatf mile southwest of I)iinhp It has a

K‘ i \:\»

Rl T 1§, —

Frarme 20 Cposs seelim of Doper Biver gear Pundan, Town

-nmp.n"tll\'(l\ greal fall and large hydeaniic eading, both factors
eing vesponsilde Tor its rapid onlirgement from crosion. {Fie. 21.)
Abonut June, LT ~tline starvted amd in Alay. 18921, there was about
U, foot of «lt in the lmll:uu of the channel. The eapid widening
was catised chicfly by enving of the banks which, in Girn, was eiised
by deepening from erosion and by the weight of the spoil Danks.
By 1921 the ariginal spoil banks ‘were practically eone.  In June,
1907, there wis no vegetation in the channel—a condition no doubt
due to the raptd caving of the banks and the fairly Large low-water
flow, In May. (201 considersble vegetation had «-L.ntmi on tlhe
upper side ‘-]()I)l“- ol the channel, {1 L 20y Meastrements for the
stlue of s were pot mede Tor bank-Toll stagees, but it is befieved that
g very low vatue wonld have heen oblained Lefore the growth of
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vegetation in this channel. The percentage of ncrease in eross-
seetional aret was greater than for any other channel measnved.
The discharge eapacity increased (o sueh an extent that by 1021
the adjoining Tnuds were practically free from food hazard.  The
sl in the hottom ol the channel 15 a very hard. whitish clay. aul
in the opper part of the side slopes it i< 2 stlly Toam.  The Bover
River at Dunlap is not affected by backwater from the Missouri
River,

ITGRON CREMK

Mensorements of (i ehaumel wore mnde along a course of =58
feet heloww the highway bridee about anc-hatf mile ahove the Chiengn

e p—— e} - . Sy

P 28 Creoe s oseetion o [Maean Coecl e Creseent, Town

& Novth Western Ratlway near Cvescent. The cross-sectionnl avea
did not ehange materintly hetween 1997 and 1921, {Table 3 and
e, 22

Aslicht inerense inowidih and seme sitting in the channel have
oerirred The ehannel is not sa deep as that of the Boyer River at
Duntap and at Missouei Valley, and the spoil hanles were set £arthor
Trom the edge of the diteh so that there has heen very little eaving
as compared with that along the Boyer River. Silling ocenrs at
times, die to backwater cinsed by Digh stages in (e Mizeouri River,
The eonclition of the channel i~ <hown by the views in Plate 24,

St - v =

._-_"_"""""—-T-_-.F_‘

Frivie 28, crees sectlon of LitHle Sioux River neae Tosin, Dowa

From these it is seen that vegetation in the channel inerensed betwoen
FIT and 1200 "The soll is 1 heavy, dark, sty lonn

LIFTLE BIOUX RIVER ( UT-0FF

This ehannel was measired along o comrse of 1212 oot ahove tie
highway bridge on the Onawa-Torein rond about one-half mile from
Turin, Tt enlarged very vapidly nntl about June, 1916, when the
right bank hegan to eave and carvied into the channel troes and o
Pret ol the rondway that was biilt_on the spoil hank. The cont-
mratively hivh velocity For the moderate slope ix due to the large
wdrmdice radins, In Figare 23 i< shown pavtial filling of the
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channel which ocenered after June, 1916, The views in Plate 92
show the comdition of the channol as o the presence of vegetation.
"The spoit banks were placed elose to the edpe of the chanael and this
arecelerated the eaving of the banks,  The material that caved into
the channel. being held together by roots and vegetation, was re-
moved very slowly by the current. The =oil in the upper part of the
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Fravns 21 Moy af the wirlershed of Doy Crevk, il
channel i a davk sy loan and in the Jower part a heavy, hard,
Heght-colored elay,
APPLICATION OT RESULTS

To <how the practical application of the resulls presented in this
hutleting these resalts have been applied to the design of 2 dredgred
channel on the Bay Creele watershed in southern Iitinois, Tl 24
oaomap of the Bay Creck watershed,  The purt ol the channel
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considered extends upstreant from the month of Sugar Creek near
Reevesville, (o the wonth of Cedar Croek, I is not sffected iy
lckwater to an appreciabde exient.

Diata pertinent to the possililities of erosion and =ilting in the Bay
Creck Channel are given in Table 4 aml for comparison corresponed-
g actual fignres are shown for the North Forked Deer River near
Trenton, Tenn.

The watershed nren of the North Forked Deer River i 93 spare
niles ax compared with LG square mides for the part ol Bay Creek
undder consideration.  Other Mictors being the some the rate of ero-
ston and silting woul! be greater {or the larger watershed. {See .
WL Vehnae o run-off water.)

I colmon 3 of "Table L the topography of sach watershed is do-
sertbed brictly, T0 would appear that erosion = even more active
on the Bay Creek than on the North Forked Deer River watershed.
Asoavesulla greater charge of it would be expected in the run-off
water feonn the former than from the fatter. (See p. 4, Silt chargn
L streains.

From column 1t i seen that the soils along both channels are
sulijeet to eaving aml are casily evodod, from whiceli it appears that,
other Tactors being the sanme, ctosion or silting wonld procegd at
abont the smpe rate in hoth chamels, The side slopes Tor the Bay
Creek Channel would stwnd ot shont 1 on {1, {See oG, Caving
anel slonghing hanks.)

The ool rainfall oo the Bay Creck watershed s about 45
imehes st on the Northe Forked Deer River watershel, 50 inches,
Henee 3t wonld De expected that the rate of erosion and silting
would e somewhat greder Tor the Jutter than for the foriner streap,
thee po B, Volume of run-oft wiier))

The fall along the twe channels s abont the same. The fall,
the hydeanliec vmdins and the condition of the channel ax roprards
resistanee Lo flow detesmine the veloeity in a channel, {See p. 4.
Velovity due to thiee factorsy The msistance Lo flow is nivwsired
by the value of # in Kutter's formala. The value of # for the
North Forked Dece River Channel was Found by meastirement to be
08265 and was for the purpose of design assnmcd to be 0020 for the
Bay Creek Channel. The bydeaulic ruline varied from 5.3 foot to 7
feet for the North Forked Deer River Channel and was found to be
 Teet For the rogaired size of channel for Bay Creck. The veloeity
of flow was determined for each of the two channels and was found
to range from 3404 feol per seeond at the beginning to 76 foot
per second at the elose of the investizalions on the North Forke)
Decr River Cliannel. and to e -L90 feet per seeond for the required
size of the Bay Creek Chanpel. In the North Forked Deer River
Channel the velocity was at all times greater than 3 feet per second.
which i sufficient fo canse erosion. (Nee p. 2. Relation of velocity
lo erosion and siltineg)  Since the velocity for the required size of
channel Tor Hay Creek s Slightly greater than that in the North
[Forked Deer River Cliannel at the ond of the investigalions. it iy
be duferred that vrosion would ocenr in the propesed channel of
Bav reck.

The mean cross-sectionnl arvea of the North Forked Deer River
Channel inerea. U from 2200 »quave feet to 430.7 square feet. and
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seeond. This s an inerease in eross-seetionan] wrey of 10192 per cont
ek in disclarge of 2.8 per cont during the period May, 1815, {o
SAngnst, 1018

From the Toregoing comparisons of charnetoristies that alfoct
erosion. it s seen that all are equally favorable or more favorable fo
erogion (o the case of Bay Creek Gian for the Nortlh Forked Door
River. except (hat eainfall favored o o very slight extemt grenter
erosian on the Tatter strenm,

It follows that the enlargenent of chanuel amd increase in dis.
clitvge dive Lo ceosion woulid apparently be somewhat grealer on
Bay Creek than on the North Porked Deer River in (he ssine Period
of tme. To aceomplish o saving ju the cost of construction of o
channel on Bay Creck, a channel smalier (han the reditived size
uright e eonstructed and the work of erosion aflowed (o eridirge
it to the reguired size while the uncleared Iands are being eleared
ad made ready for caltivation,

While thie North Forked Deer River Channel maore thun doublsd
i eross-sectional area durtng o preiod of three vears and (hree
menthis, in order to be on the safe side it will be gssinned that (he
clinel of Bay Creek will inerease in size from a cross-sectional
ares ol 1530 square feei o SOFsquare foer (the recuired size) during o
period of fonr years. This iv an incrense of only 787 per cent in
cross-seeBional area, and an inerense of only 1003 per conl in dis-
charge as compared with an increase of 1002 god 142.8 [ cent,
vespreclively, for the North Forlad Deer River Channel.

In eohiuns 8 and D of Fable 4 it iy seen that the mean maximm
depth Tor the North Forked Deer River Channoel incvessed from
St 114 feet and the average top width from 36 Lo 572 feet, It ix
therefore reasonabile to assume that the averaee maximum depth
for the Bay Creek Channel wonhl increase from 10 to 12 foot aml
the average top width Trom 53 (o 79 feet. While the soil will stand
ata slope of 11y on Joa <lope of 1 on 1§ should be used since the diteh
can thereby be consteneted more cheaply, and enlargemont due to
eroston will increase faster for the steeper stope, the velocHy beingr
sullicient (o reineve caved-in materinl.

The Tength of the proposed chumnel s abont 7 miles. The earth
(o be exeavated for the proposed channel would amonnt fo abont
GL6000 cubie yards and Tor the pequired size of channel about
LI0LO0O cuble yvards, a differonce of 485,000 cubic yards,  1F (he cost
of exenvation wore extimnted at $ cents per eubie ¥ard, the differcner
i the cost of the two channels wonld be $43.630.  1rom this it is
apparent that a substantinl saving could be effected by atlowing (he
work ol erosion (o enlarge the channel (o the vequired size. Some
damage to crops en the cleared lands wight be done during the
pericd of enlavgement, but it is helieved that this would be offsel,
to some extent at lenst, by the saving in deinage taxes on lands in
the district.

the discharge from 883 cubic Teel per second to 214 cubie foot per
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