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INTRODUCTION

Kutter’s formula is generally accepted by engineers as being the
most satisfactory formela in use for computing the flow of water in
open channels. After » thorough and unbissed study of all known
formulas for computing the flow in open channels, engineers of the
Miami conservancy district concluded that “although the Kutter
formula 1s not ideal it is the best equation available 8t the present
time.”? The results obtained by the use of this formuls are, how-
ever, affected to such a degree by the coefficient of roughness, n, that
the selection of the correct value for this factor is s matter of the
highest importance. The series of experiments described and sum-
marized in the following pages were made for the purpose of deter-
mining just what values of n properly apply to the various conditions
of chanuel, and the endeavor has been made to present this informa-
tion in the form that will be of the most practical value to engineers
charged with the design of drainage channels or the computation of
the discharge capacity of existing channels.

' This bulletio is a revision of and supersedes Depsriment Bulletin 832, 'fho Flow of Water in Drodged
Irmainage Ditcliss,

THouK, I. E. CALCULATION OF FLOW IN GPEN COARNELN, Mismi {Obio] Conserv, Dist., Tech. Rpls,
pt. 4, 283 ., Blus, 1918,

47184°- 20— 1 1
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The term = in Kutter’s formuls is a measure of all the conditions
in & channel that tend to retard the flow. It is quite often regarded
8s simply a measure of the friction between the flowing water and the
material forming the perimeter, all other conditions in the channel
being disregarded. Some of the conditions that influence the value
of n for earth chanrels are irregularifies in the wetted perimster,
nonuniformity of cress section in size and shape, the growth of vege-
tation in the channel, such as grass, weeds, roots, vines, bushes and
trees, and the presence of other obstructions to fiow, such as logs,
stumps, drift, and débris of &l kinds. . Various combinations of these
conditions that may exist in & channel malke it difficult to choose the
proper value of » In computing the flow of an open channel or the

robable flow for proposed artificial channels. The engineer who
Eas had a wide personal observation of conditions in channels for
which values of » have been determined is generally well qualified to
choose the proper values of » in the design of channels. On the other
- hand, the engineer who has not had similar experience must depend
for his choice of n upon views and descriptions of channels for which
values of # have been determined by experiment. In this bulletin,
views and careful descriptions of the channels for which values of »
were determined ars presented as being the best method of making
the results of practical application.

The experiments described were conducted 1 nine different
localities, namely, Lee County, Miss.; Washington and Bolivar
Counties, Miss.; western Tennessee; western Iowe; southern North
Carol'ua; eastern Florida; eastern Arkansas; southeastern Missouri;
and centrel Illinols. All of the experiments with the exception of
those in North Carcling and Florida were made by the suthor, or
under his immediste direction by other engineers of the United States
Department of Agriculture. The experiments in North Carolina were
made by A. D. Morehouse, and those in Florida by I. E. Staebner and
A. 0. Kay, nlso engineers of this department. The field dats in
Arkensas were collected by P. T. Simons, those in Illincis by R. A,
Norton, and those for the second set of experiments in Washington
and Bolivar Counties, Miss., by B. 8. Clayton; in Tennessee, H. S.
Andrews and A. L. Lane sssisted in collecting the data. The experi-
ments in central Ilinois were made in cooperation with the engineer-
ing experiment station of the University of Illinois, represented by
G. W. Pickels. All of the experiments were condueted under the
general direction of S. H. McCrory, Chief of the Trvision of Agri-
culturel Engineering.

FIELD MEASUREMENTS
DISCHARGE

Particular care was taken to secure accurate discharge measure-
ments. With few exceptions the geging stations wers Jocated on single
span bricges, so that there was no interference with the natural flow
of the water. Where suitable existing bridges av desirable sections
could not be found, suspension footbridges were constructed, one of
which is shown in Plate 17, C. A cable gaging station was built on
the Bogue Phalia Channel in Bolivar County, Miss. Whers the cable
stations and suspension bridges were built, idesl gaging sections were
obtained.
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Velocity measurements were made with a small Price current meter.
These measurements were made at intervals of 214 feet across the
streams for the smaliest channels, 5 feet for the medium-sized chan-
nels, and 10 feet for the largest channels, except as noted for the
flood ways in Arkanses and Missouri. At the measuring points
the veloaity was determined at the surface, mid-depth, and the bottom
of the stream. In a few instances the velocity was measured at 0.2
and 0.8 depths. The best metheds were observed in the use and care
of the current meter, and it is believed that the results are entirely
dependable.

- Carefully made soundings were obtained during low-water stages
at the velocity-messuring points and wherever a decided change in
the perimeter of the channel took place. As a check on these measuze-
ments, and to detect any changes due to silting or erosion, soundings
were also made at the time of the velocity measurements. The
depths were measured to the nearest tenth of a foot.

SLOIE OF WATELR SURFACE

The slope of the water surface, except in & {ew cases, was measured
along the straightest and most uniform course of channel available
near the gaging station. The courses chosen were such that no
tributary streams entered the channel and ro decidedly abrupé
changes in the bottom grade of the channel ocenrred aslong the courses,
and ordinarily were so located as to exclude such obstructions as logs,
fallen trees, piling, and bridge piers. In one experimen$, however,
courses were chosen with a view to determining the influence of such
obstructions upon the flow. Where not limited by the conditions
named above, the length of the course was made at least ten times the
top width of the: chennel. 1t was apparent that representative values
of n could not be obtained for a channel if a long course were chosen
without regard to the conditions mentioned sbove. For instance,
during a high stage in the Bogue Hasty channel, in Bolivar County,
Miss., drift sccumulated at o pile trestle bridge just above the slope
course, causing 2 fall of 0.3 foot {rom the upstream to the downstream
side of the bridge. The actusal slope of the water surface for this
channel was less than 1 foot per mile, from which it is apparent that
had e long slope course been chosen which included this bridge,
decidedly different values of # would have been obtained. Also where
long slope courses are used, incorrect values of » are often obtained,
due to the entrance of surface water along the course,

In these experiments the slope of the water suface was determined
by making vertical measurements from permanently set reference
points to the surface of ihe water. These refcrence points were
established on horizontal srms extending from vertical posts set
firmly in the ground at each end of the course. Variations in water
level of from 3 to 4 fcet could be measured from each poss, and a
sufficient numbes of posts were set on the side slope of the channel
so that all fluctuations in water surface could be measured. The
elevations of the points on the arms of the posts were determined
with & level to the nearest two or three thousandths of a foot and
were carefully checked afier every high stage in the stream to detect
any possible changes due to the disturbance of the posts. The posts,
however, were set in such a substantial manper, that very seldom
were any changes found. The vertical messurements from the points
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on the erms to the water surface were made with a hook-gage meas-
uring rod. In some instances a stilling box arrangement was em-
ployed in connection with the hook gage. These measurements
were made either before ov after the gaging was made, and often
both before and after. They were made simultaneously by observers
at either end of the course, or by one observer who first read at the
end of the course nearer the gaging station, then at the other end,
and then repeated the first measurement, the average of the first and
third measurements being used. This method is based upon the
assumption that the same time elapses between the first and second
measurements as between the second and third measurements; hence
errors due to a rising or falling stage sre practically eliminated. Realiz-
ing that the accuracy of the results depended largely upon a correct
determrination of the slope, the utmost care was taken to secure
accurate and dependable slope measurements,

CROSS BECTIONS

The length of the slope course was carefully measured along one
bank of the stream and stakes were placed at intervals of 50 or 100
feet to mark the points where the cross sections were to be taken.
Where the channel was regular the cross sections were taken at
intervels of 100 feet. Where the channel was irregular they were
taken 50 feet apart, or at such irregular intervals as to represent as
nearly as possible the true average cross section of the course. In
making the cross-sectional measurem uts, distances across the channpel
were measured from the stalkes to the nearest tenth of a foot. For
the smaller channels, where wading was possible, elevations on the
bottom and side slopes of the channels were taken with a level and
rod to the nearest tenth of a foot, and were taken at intervals of 5
feet across the channel and at all points where a change in slope
oceurred. For the larger channels the measurements in the water
section were generally taken from a boat attached to a rope stretched
across the stream and fastened secigzely on both sides.

COMPUTATIONS

In the experimental determination of the value of # in Kutter’s
formula. .

1.811  0.00281
_ 41.6 +T +“"'§"—

B 0.00281\ =
164222202y R
1+(4 B~ T8

the coefficient €' is first obtained from Chezy's formula,
V=04RS

and then the value of n by solving for » in Kutter's formula. In
solving Chezy’s formula for ¢ the following terms must be known:

¥, the mean velocity along the slope course,

R, the mean hydraulic radius along the slope course,

8, the mean slope of the water surface along the slope course.

As hss been explained, the date requirea for computing these
values were obtained by field measurements. The meen veloeity,
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V, was determined by dividing the discharge by the mean cross-
sectional area of the channel along the slope course. The discharge
was computed from the soundings and velocity measurements made
at the gaging section. The method of computing the discharge
was as follows: The mean velocity in the vertical at each velocity
measuring point was obitined by taking one-sixth of the sum of the
velocity at the surface, four times the velocity at mid-depth, and the
velocity at the bottom, or by teking the mean of the velocities
obtained gt 0.2 and 0.8 depths. The mean velocity for each section
between the verticals was taken as the average of the mean velocities
for the verticals on either side of the section, and the discharge for
each section was obtained by multiplying the mean velocity for the
section by the area of the section. The total discharge of the stream
was obtained by taking the sum of the discharges for all sections
across the stream,

The cross-sectional mensurements were platted on cross-section
paper, on a scale of 5 or 10 feet to the inch, depending upon the size
of the channel. The areas and wetted perimeters for each cross section
were obtained by means of a planimeter and map measurer. The
mean cross-sectional area, which was used in defermining the mean
velocity for the course, was obtained by taking the average of all the
erogs-sectional areas along the course.

For some of the channels the mean hydranlic radius for the course
was obtained by taking the average of all the hydrautic radii as com-
puted for each cross section; for others it was obtained by dividing
the mean cross-sectional sres by the average of all the wetted per-
imeters as determined for each cross section alongthe course. There
was no appreciable difference in the results obtained by the use of the
two methods unless the channel was subject to large variations in
cross section, in which case the first method was used.

On all of the channels the slope of the water surface was practically
uniform from the upper fo the lower ends of the slope courses, and
the differences in the velocities at the upper and lower ends of the
courses were generally so small that the application of a correction for
the difference in velocity heads was found to be unnecessary, so far
as the practical value of the results was concerned. In a few in-
stances, where a rather gradual change in the size of the cross seetion
occurred along the siope course, a correction for a difference in velocity
heads might have been justified.

In calculating values of %, the values of ¥, R, and § were first
determined as explained in the foregoing, and € was then computed
by Chezy’s formula. With €, B, and 8 known, the values of # in the
first, six sets of experiments were obtained from & large-scale diagram
similar to, but larger than, the one found in Hering and Trautwine’s
translation of Ganguillet and Kutter’s treatise, A General Formula
for the Uniform Flow of Water in Rivers and Other Channels? The
value of n in the other three sets of experiments were computed by
Eutter’s formula.

: GANQUILLET, E., and KUuTrer, W. . A GENERAL FORMULA FOR TOE UNIFORM FLOW OF WATER
IN RIVERE AKD OTDER CHANNELA. Translated from the German by R. Herlog and J, O, Trautwineg, jr.
Zd. 2, 240 b, illus. New York, 1893,
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TABULATED RESULTS

In Tables 1 to 9 are given the hydraulic elements and values of ¢
and # for the nine sets of experiments. In the third column is
shown the average of the maximum depths as measured at each of
the cross sections. At the foot of this column is shown the average
meximuom depth for a bankful stage of each channel, which enables
the resder to estimate aboul what proportion of the channel is filled
for each measurement. In the fourth column is given the average
surface width along the slope course at the time of each measurement.
With these two dimensions, the gverage cross-sectional area given
in column 6, and the accompanying cross-scctional figures for each
channel, 8 good iden ean be obtained as to the shape and size of the
channel. ‘The headings at the tops of the other columas in the tables
are self-explanatory. On most of the channels values of n were
determined for several stages ranging from low to high.

Attention is called to the specially interesting features of some of the
exporiments.  For instanee, values of n for Old Town Creek, Table
1, were obtained before and after clearing, in order to show the effect
upon 7 as produced by the presence of growth in the channel.

On the South Forked Deer River at Campbell’s levee, near Jackson,
Tenn., experiments were conducted to determine the relative values
of n for three consecutive pourses of channel; the first, an old straight
course of the river channel; the second, an old crooked course of the
river channel; apd the third, a course of an irregularly dredged chan-
pel. Theresults, which are given in Table 3, show a remarkable differ-
ence in the values of n obtained for the three different conditions of
channel. -

In the results of the Towa experiments (Table 4) sttention is called
to the unusually low values of % obtained for earth channels. These
low walues, which were obtained for Boyer River and Allen and Wil-
low Crecks, were due, no doubt, to the smeothing up of irregularities
by siiting and to the lubricating effect of silty mud deposited on the
bottom and side slopes of the channels. The incresse sn the value of
7, due to a caving banlk covered with a heavy growth, 1s shown by the
experiments made on the Little Sioux River cut-off channel before
and after the caving took place.

The increase in the value of n, due to the growth of grass in channels,
is shown by the results of the experiments made in North Carolina.
(Table 5.) Thess experiments were made during the winter and the
following summer, before and after the growth of grass in the channels.

The experiments on the flow of water in the main diversion flood way
of the Little River drainage district in Missouri are among the first
of their kind sver attempted. Measurements were obteined on both
& cleared course and an uncleared course, and aflord data of value on
the relative capacities of such waterways under the conditions repre-
sented. (Table 8) The measurements in St. Francis River flood way
in Arkansas show much higher valves of » for flow through virgin
tirmber with little undergrowth. (Table 7.)

The experiments in Avkansas and Hiinois on a large number of
ditches with a wide variety of conditions of vegetation demonstrate
the need for systematic maintenance of drainage ditehes. In these
two sets of experiments measurements were made on the sanie ditches
both before and after clearing and before and after the appearance
of growth in the ditches. {Tables 7 and 9.)
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Values of n were obiained for two large natural river channels,
the Bogue Phalia, in Mississippt and the Embarrass River, in Iilinois.

{Tables 2 and 9.)
DESCRIPTION OF CHANNELS

At the nght-hand side of each of the Tables I to 9 is given a com-
plete description of each drsinsge charnel. These detailed descrip-
tions, supplemented by the views of the channels shown in the plates,
are intended to assist the engineer mn the proper choice of n for his
Part—icular use. Under the descriptions of channels are included the

actors or conditions that influence the flow of water in a channel.

These factors are described under the following headings: Course,
cross section, side slopes, bottom, soil, and condition. Also the
approximate date when the channel was construeted is given, from
which can be determined the age of the channel at the time the experi-
ments were made. © o
COURSE

The length and alignment of the course of channel are discussed
under this heading. Where the length of the course is urduly short,
the prebability of errer in the slope measurements is somewhas
ereater than where it 3s comparatively long. It was impossible in
many instances, other governing factors being duly considered, to
follow the general rule adopted, namely, that the length of the slope
course should be at least ten times the top width of the channel.
With the cexception of two courses of channels, the slignment of
the slope courses was practically straight. These exceptions eonsisted
of & bend in the Sugar Creek channel and of several irregular crooks
in the old river channel at Campbell’s levee, near Jackson, Tenn,
(Table 3.}

CROSS SECTION

Under this heading variations in the shape of the cross section
along the cowses are noted, and the reader is referred to figures
which show the per cont variation from ihe average eross-sectional
area for all cross sections along each slope course. In most cases
this per cent variation is shown for low, mediom, and high stages.
From these ficures an ides can be obtained as to the progressive
changes in size of the channel along the courses and whether these
changes are gradual or abrupt. For instance, in Figure 2, A it is
seen that the per cent variations are much larger and the changes
in size of the channel slong the course are much more abrupt for the
low than for the high stage, which accounts largely for the higher
values of n obtained for the low stages as recorded in Table 1.

It was found that sbrupt changes in the size of a channel that are
repeated at short intervals are often alone responsible for the high
values of » obtained.

Tbe average cross sections for all of the channels are shown, and
the description of each channel malkes reference to the corresponding
fllustration. From ibese a genersl idea can be obtained as to the
size and shape of the various chanuels.

SIDE SLOPES AND BOTTOM
Irregularifies in the perimeter of the channel are discussed under

the two hesdings, side slopes and bottom, for the reason that the
bottom alone is often the chief retarding factor during low stages.
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Irregularities in the perimeters of chennels have a very decided effect
upon the value of n. For instance, irregularities in the side slopes
of the South Forked Deer River near Jackson, Tenn., were largely
responsible for the higher values of » obtained for this course than
were obtained for the same channel near Roberts, Tenn., where the
side slopes were much more regular. (Table 3.) The irregularities
in the channel at Jackson were due to rough finishing work with the
dredge at the fime of construction. To smoothness of perimster
may be sttributed in part the low values of n obtained for the Allen
and Willow Creek channels in western Iowa. (Teble 4.)

SOIL

Under this heading descriptions of the different types of soils found
in the various channels are given. However, no noticeable difference
in the retarding effect of the different, soils was detected. All of the
soils are of an alluviel nature, except in central Iliinois, the lands
through which the ditches were dug having been built up by deposits
of silt brought down from the hills during heavy rains. In Ilinois
the ditches %ie in the extreme uppermost parts of comparatively fat
watersheds, and the soil is chiefly a black or mixed cley loam of
glacial origin.

CONDITION

An effort has been made to describe accurately the condition of the
channels af the time the messurements were made, Mention is made
of ell sorts of growth, obstructions, and débris—factors which are in
many instances responsible for the high values of » obtained. The
proncunced effect of vegetation, such as grass, in a channel is clearly
shown by the experiments made on three of the channels in North
Carolina (Table 5); of the effect of small growth, such as weeds,
bushes, saplings, and trees, by the experiments in Lee County
Miss., In Arkansas, in Missouri, and in Ilinois (Tables 1, 7, 8, and
9}; and of the effect of large obstructions, such as logs, fallen trees,
and débris, by the experiments on the South Forked Deer River at
Campbell’s levee, pear Jackson, Tenn. (Table 3). Whether or not
much erosion has taken place in the channel is also mentioned under
this heading,

WHEN CONSTRUCTED

The age of the channel at the time the experiments were made may
be obteined by referring to this heading and to column 2; the former
shows approximately when the channel was constructed and the latter
the date when the experiments were made. The time elapsed since
the construction of a dredged channel is to some extent a measure of
the condition of the channel as regards growth and other obstructions
to flow, except where the channel has been carefully maintained. It
is also a measure of the probable extent of erosion or silting that has
occurred in the channe] since construction. The growth of vegeta-
fion in a channel checks erosion and promotes siting, but on the
other hand active erosion in a chanpe] cbecks and often entirely pre-
vents the growth of vegetation,

Low values of n arc generally found for properly finished, newly
dredged channels of uniform cross section, as was the case for Mud
Cree%{ {Table 1} and South Forked Deer River near Roberts, Tenn.
{Table 3). The effect of erosion on such a channel is to make 1t more
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irregzlar and thereby to incresse the value of n. However, after a
certuih amount of erosion has taken place it does not necessarily fol-
low that further erosion will tend to increase the irregularity of the
channel, as may be seen from the results obtained for the North
Forked Deer River near Trenton, Tenn. (Table 3).

ACCURACY OF RESULTS

With few exceptions there are no reasons to suspect inaccuracies
in the result of these experiments. The gaging sections and slope
courses were so selected as to remove as far as possible the probabili¢
of large errors in the field measurements. In some instances, whic
will be mentioned under the separate discussion of each channel,
- favorable sites for gaging stations and slope courses were not obtained.
" Where no mention is made as to the reliability of the results, it may
be inferred that the results obtained are entirely reliable. Compara-
tively speaking, the most accurate results were obtained for the high
stages in the various channels, since there was a greater probabilify
of error in the gagings and cross-sectional measurements for the lower
stages.

g DESCRIPTION OF EXPERIMENTS

A description of the nine sets of experiments and a discussion of the
results obtained are given in the following pages. '

EXPERIMENTS IN LEE COUNTY, MISS.

Experiments were conducted on five dredged channels in Lee
County, Miss., namely; Old Town Creek, Mud Creek, Twenty Mile
Creek, Coonewah Creelk, and Chawappah Creek, {(Table 1.) The

topography of these watersheds is rolling and somewhat hilly.

OLD TOWN CREEEK

Measurements were made on this channel early in 1913 and in 1914.
A straight course of 1,224 feet below the steel highway bridge, one-
half mile east of Tupelo, Miss., was selected for making the measure-
ments. The discharge measurements for 1913 were made from the
highway bridge and those for 1914 from a suspension footbridge
constructed near the upper end of the course. The latter gaging
section was much more desirable for accurate measurements than the
former one.

experiment for determining the effect upon the flow in the
channel, due to the clearing of brush and other resistances to flow,
was conducted on Old Town Creek. No clearing was done for the
measurements during 1913. One side slope of the channel and part
of the bottom were practically covered with small saplings, brush,
and cane, and were quite irregular. The other side slope was com-
paratively smooth and uniform. For the measurements during 1914
all brush, logs, and other obstructions were cleared from the course
of the channel and for 500 feet above the upper end and for the same
" distance below the lower end of the slope course, so that a comparison
could be made as to the relative values of # before and after clearing.
The slope of the left bank was quite regular while that of the right:
bank was extremely irregular, a condition due to the growth of brush
causing the bank to erode unevenly. The soil in the bottom and sides
of the ditch was quite hard. The views shown in Plate 1 give a good
idea of the conditions existing in the channel before and after clearing.
(See also fig. 1, A, for average cross section of the channel.)
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TasLe 1.—Resulis of experiments made in Lee Counly, Miss.

OLD TOWN OREEK DREDGED CHANNEL NEAR TUPELO, MISS. (BEFORE CLEARING), 1913
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Course, straight; 1,224 feet long. Cross section, slight and gradual varia-
tions in shape; for variation in size, see fig, 2, A. Side slopes, right side
irregular, left side very irregular. -Botfom, irregular and uneven. = Soi/,
varies from black waxy clay at top.to yellow clay at bottom, Condition,
right side slope and part of botiom practically covered with small sap-
lings, brush, and cane; occasional meths of vegetation on other side
slopes.  Constructed, Dec. 1907, (Pl. 1, A and fig. 1, A.)
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CREEK DRE TUPELO, MISS. (AFTER CLEARING), 1914

Mar.
Mar.
Api.
Apr.
%pr.
APr.
Mar.
Mar.

[+
(=4

B
So38E8R¢

ONOBOIMULIBONOSO

0.052 | Description of channel practically the same as the ahove, except for re-
047 marks under Condition.
041 | Condition, all brush, vegetation, and obstructions to flow were cleared
.035 from the course of channel and for 500 feet above the upper end of the
. 8;2 course, and for the same distance below the lower end. (Pl 1, B.)
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MUD CREEK DREDGED CHANNEL NEAR TUPELQO, MISS.

{ 0, (00300 3 . Course, straight; 1,104 feot long. C‘roassqction,\'cr)'litgle varfation In shape;
. 000305 54 7 for variation in size see fig. 2, B. Side slopes, quite regular. Botlom,
. 000305 2 . even and regular. Soil, sandy, waxlike clay. Condition, newly dredge
000310 . . channel; no vegetation or obstructions of any sort in channel. Cone
. 000301 5 structed, January, 1913. . (PL 1, Cand fig. 1, B.)

Apr. 11,1014
do

Apr. 7,194
Apr.  9,1014
Apr. 51914
Mar. 28,1914
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MILE CREEK DREDGED CHANNEL NEAR BALDWYN, MISS.

Mar. 28,1013 . . . 3 .50, L 75 0, 0001904 68.0 1 0.025 | Conrse, straight; 324 feet long. Cross section, slightly abrupt variations in

Mar. 27,1013 3 X 3 4, , 31 ¢ .60« . 000382 2.3 . 030 shape; for varintion in size, sce fig. 2, C. _Side slopes, lower, quite regular;

Apr. 10,1913 A . 3 X 4.00 . B 55.5 . 038 upper, quite irregular, due to caving of banks. - Rottom, quite even and

do. . . A . .50 - L1500, 40,6 044 regular. Seil, waxy clay loam; contoins some sand. Condition, channel’

i practically free from. vegetation; great many roots along upl})er part of

channel; erosion very active during high stages. Constructed, January,
1010. (Pl 2, A and fig. 1, C.)

"HAWAPPAH CREEK DREDGED CHANNEL NEAR SHANNON, MISS.

Apr. 51013
Feb, 28,1013

[l

Feb. 5,1013 5 8. 3 . . . i 0. 000850 f, 0.036 | Course, straight; 320 feet long. Cross section, very litile-variation in shape;
i

. 000406 . . 034 for variation in size, see fig. 2, D, Side slopes, quite regular except near
A . 000935 4. .038 top and along edge of bottom. Botlem, quite regular. Soil varies from a
- sandy loam at top toa waxy clay at bottom. Condition, very little vege-

i tation in channel; irregularity of upper part of channel due to erosion.
‘ Constructed, May, 1911, (PL'2, B and fig. 1, D.)

STANNVHO EDVNIVIA NI HHLVM 10 MOTI

COONEWAH CREEK DREDGED CHANNEL NEAR SHANNON, MISS.

AT, 4,1013 . 3 850.0 { 286.2 | 2.97 5.95 l 0. 000620 : 48.9") 0.048 [ Course, straight; 450 feet long. Cross section, rather gradual variations in
112, ! [ S ----] shape; for variations in size, seo fig, 2, B. Side s opes, very irregular.

: i . Bottom, irregular and uneven. Soil, cfny Toam. Condition, some grass
] ; and other vegetation on side slopes; bottom free from growth, Con-
f : structed, May, 1809, (PL 2, O and fig. 1, E.)

i

¥ Average maximum depth at bankful stage.




1

C

E |
COONEWAH CREEK

i

ELOLIADINOV J0 “IJHA 'S "0 ‘631 NILETING TVOINHOEL  G[

FIGURE 1.—Average cross sections of channels for experiments in Lee County, Miss.




FLOW OF WATER IN DRAINAGE CHANNELS
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In Table 1, measurements 1 to 21, sre given the values obtsined for
1, together with the various observed hydraulic elements. It is
- obvious, from the values of n obtained before and after clearing, that
‘the efficiency of a channel is greaily decressed by permitting the
growth of vegetation in it.

During low water the uniform fell of the surface of the water
was inferrupted by irregularities in the bottom and sides of the chan-~
nel. For such conditions the hydraulic grade throughout the section
consisted of a series of comparatively steep slopes followed by flatter
ones, due to the depth of waler being so small that the frregularities
in the channel gave rise to quite sjpreciable variations in ares of
cross section from point o polnt, thus causing veriations in velociby
and in the hydraulic grade, (Fig. 2, A.}) As a result the values of n
obtained for low water conditions are high., The total loss of hesd
throughout the course under such conditions is the sum of the loss
due to the roughness of the wetted perimeider and the quite appreciable
losses in shock and eddies that ocour where the hydraulic gradient
changes from a steeper to a flatter slope aud wheve the cross section
of flow changes. Forlow water conditions the loss in shock and eddies
is quite appreciable, and as the values of n were obtained by directly
measuring this total loss of head throughout the course these velues
would be necessarily large. The table shows that for such conditions
the value of n deciases as the depth increases. This would be ex-
pected, for as the depth incresses the second factor mentioned above
becomes comparatively smaller, and the totsl loss of head thus be-
comes to a greater extent due to roughness of wetted perimeter and
to a less extent due to the influence of eddies and shock.

MUD CREEK

Messurements were made on this channel during the early part of
the year 1914. For the slope measurements a straight course 1,194
feet long was selected sbove the highway bridge about 1 mile east of
Tupelo. A suspension foolbridge was constructed at a site where
conditions were idesl for making sccurnte current mmeter measure-
ments, .

A good ides of the condition and regularity of the channel can be
obtained from Plate 1, C. Although in the same valley, the soil is
decidedly different from that found in Old Town Creek. This
part of the bottom land is made up of sediment carried from the east-
ern part of the Mud Creek watershed, where the soil conteins consider-
able sand. The soil in the channel is a sandy, waoxlike clay that
erodes very easily. This was a compsratively new channel at the
time of these experiments, the ditch having been finished in Januery,
1913; and, although it had eroded tc some extent, it had retained its
original uniform slope and comparatively uniform cross-sectional area.
(Figs. 1, B and 2, B.)

In Table 1, measurementis 22 to 34, are shown the various bydraulic
elements of Mud Creek as computed from field measurements, snd
the values of n obtsined. That for all stages of Mud Creek is about
0.025, while that obtained for the higher stages in Old Town Creek,
after clearing, is about 0.030. The lower value of n as obtained for
Mud Creek can readily be sscribed %o the facts that this is a more
recently constructed channel and that the bottom slope and cross-
sectional area are more uniform throughout the course than for Old
. Town Creek.




Teehmical Bul. 129, U, 8. Tlept. of Agticulture. PLaTE 1.

A, Ol Town Creek leeuped channel near Tugilo, Miss, loaking up slupe cotrse, befare elearingg,
JHLE 1, S view as A above after cloacbne, TG 0, dod Creel dredped elannel near Topelao,
Wliss,, Ipoking up stope course, 1WL,  (see ‘Mable 1)
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AJTweny Mile Creek ateesdged elinaoel pear Bahlwy o, Miss, luoking dewn slope course, 100514,
Clhawnppah Creck siredeed ciannet near Sluaoon, Miss, Jookige i sdope caurse, 1965 0 Coune-
wah Creck dredged chammed nenr Steonaon, dss, ook i down slopee course, 19380 Hee Talde 1)
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FLOW OF WATER IN DRAINAGE CHANNELS: 15
TWENTY MILE CREEK

The slope course on T'wenty Mile Creek was rather short, being 824
feet in length, and was located below the highway bridge 1 mile east
of Baldwyn, Miss. (Pl. 2, A, and figs. 1, C and 2, C.) The lower
part of the channel was quite smooth and regular, but the upper
part and edge of bank were irregular.  The channel is eroding rapidly,
and many stumps along the banks have been undermined end fallen
into the chanuel. Table 1 shows the hydraulic elements and the
values of n obtained for Twenty Mile Creek. The value of » incresses
as the stage increases, due no doubt to the irregularities in the wetted
perimeter for the higher stages. The soil in the channel is a waxy
clay loam, snd in some parts of the channel contains considerable

sand.
CHAWAPPAII CREEK

Slope measurements for Chawappah Creek were made on a rather
short course (320 feet long) between the highway and railrosd bridges,
one-half mile south of Shannon, Miss. The gaging section was
located at the highway bridge. The view of Chawappah Creek for
low water (pl. 2, B), shows very well the condition of the channel,
The soil varies from & sandy loam to a waxy clay, and the sides and
bottom were quite hard, The channel is eroding very rapidly, which
18 partly the cause of the turbulent water surizce and the resulting
compsratively high values of n. The average value obtained for n
was about 0.035, (Figs. 1, D and 2, D}

COGREWAN CREEK

Only one observaiion for slope was made on Coonewsh Creek.
The velue computed for n was 0.043. Plate 2, C, shows ths courss
on which the slope was messured and the condition of the channel.
The soil is quite similar to that found on Chawappah Creek, but
erosion has not been as active as on the latter, (Figs. 1, E end 2, E.)

DISCUSBION OF LEE COUNTY EXIERIMENTS

Of the experiments made in Lee County, Miss., the results obtained
from these on Old Town and Mud Crecks are the most reliable. It
appears that for conditions of flow the velue of » for channels similar
to Mud Creek is 0.025, which means that the bottom and sides should
be feirly regular and {ree from any form of obstruction to flow, and
the slope and cross-sectional area practicelly uniform. These con-
ditions generally obtain only in new ditches, and it would therefors
not be wise to use a coefficient as low as 0.025 in the design of chan-
nels, since the efficiency of a channe] generally decreases with age, 83
is shown by the experiments on Old Town Creek. Also, evosion
tends to incresse irregularities in new channels, which results in an
increasing roughness coeflicient, so it is not believed advisable fo
use & value of 7 less than 0.035 in the design of small ditches in this
and similar sections of the country.

EXPERIMENTS IN WASHINGTON AND BOLIVAR COUNTIES

Experiments in Washington and Bolivar Counties, Miss., were
conducted during 1914 and 1915 and again during 1924 to 1926. The
first set of experiments were made on the following channels: Bogue
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Phalia near Helm, Bogue Hasty, Pecan Bayou, West Bogue Hasty,
and East Bogue Hasty. The second set were made on Bogue Phaha
near Heads, Bogue Hastz, West Bogue Hasty, Horseshoe Bayou,
Diteh No. 1, and Snake Creek. The channel of West Bogue Hasty
was redredged between the time of the first and second sets of expeni-
ments. The topography of the watersheds of these streams is com-
peratively flat, the fall of the land being about 1 foot per mile.

BOGUE PHALIA NEADR HELM

The conditions for the accurate discharge and slope measurements
on this chennel were ideal. A straight course of practically uniform
cross section was selected for slope measurements, ebout helf a mile
above the Yazoo & Mississippi Valley Railroad bridge, 2 miles from
Helm. The length of the course was 1,003 feet. The gaging station
wes located near the lower end of the course, and the velocity meas-
urements were made from & movable car suspended from a steel cable
which was stretehed across the stream at right angles to tha direction
of flow and supported by upright poles on either bank.

The left side slope of Bogue Phalis, slong the course, was quite
regular while the right side was subject to caving and was only fairly
regulaer. ‘The channel was very smooth for low stages and of uniform
section for all stages. (Fig. 4, A.) Very little vegetation of any sort
was found in the chanmel. (Pl 3, A and fig. 3, A.) The soil in the
lower part of the channel is sandy. The soil in the upper part is
a clay loam of close texture and is quite susceptible to caving,
particularly when wet.

The slope was indeed an extremely variable quantity. No two
measurements of slope were found to bhe the same, due to the back-
water conditions. The greatest slope was found for the lowest stage,
and the others varied secording to the effect of backwater ab the time
thet measurements were made.

The principal hydraulic elements of the channel and the values of
C and n obtained therefrom are shown in Table 2. Little varistion
was found in the values of €, and the values of n were found to vary
from §.022 for the lowest stage to (0.031 for the highest stages. As
would be expected, the values of n were found to be low for the
lower steges, where the channel was quite smooth and uniform in
section, and higher for the higher stages, where a greater resistance
was offered to fiow, by the rougher snd more irregular sides of the
channel. On the whole, it can be said that this channel was in excel-
lent shape, & fact which is substantiated by the comparatively low
values of n obtained,

BOGUL PHALIA NEAR HEADB

Gagings of this channel were made from & single-span highway
bridge about 134 miles southwest of Heads, Miss. The slope course
wes 1,554 feet long, with a slight curve at the lower end. Conditions
were good for obtaining accurate discharge and slope measurements,
At high stages the water had very little velocity for a distance of
30 to 40 feet from the banks,




TaBLE 2.~Resulls of experiments made in Washington and Bolivar Counties, Miss.
BOGUE PHALIA DREDGED CHANNEL, NEAR HELM, MIsS.

Mean Coefll- | Coefli-

beqin . , Slope of | cient in |cient of
Dntg;qtliggser oage. | veloe- drlrﬁx-lic water | formula | rough- Description of channel

section| 1YY radius | Surface V=%1/RS ness

Aver- | proan

Ft.per
Sq. fl. | - sec.
092,
20
0

&—62—V31LY
S

Cotirse, straight; 1,003 feet long, ~Crosa section, very littl variation in shape;
for variation in size, see fig. 4, A. Side alopcs, left side, quite regular;
right side, fairly regular. Bottom, smooth and even. Soil, lower part,
sandy clay loam; upper part, clay loam of close texture. Condition,
excellent, very little vegetation of any sort; lower part of channel more
uniform and regular than upper part. Constructed, May, 1613. (Pl
3, A and 9g. 3, A.)
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BOGUE PHALIA NATURAL CHANNEL, NEAR HEADS, MISS.

Course, nearly straight, slight curve at lower chd; 1,554 feet long.  Cross
section, very little variation in shape; for variation in size, see fig. 4, B.
Side s[opm. very irregular. Fotfom, irregular and uneven. Soil, clay
loam, sandy bottom. Condition, weeds and small trees along banks;
natural channel; was cleaned of all growth and obstructions in 1015,
(Pl. 3, B and fig. 3, B.)
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0.038 | Course, straight; 1,030 fect Jong. Cross section, slight and gradual variations
.03 in shape; for variations in size, see fig. 4, C. Side alopes, right side very
032 irregular and caving badly; left side quite regular. Botfom, rather irregu-
L 028 lar,  Soil, upper part, dark silty loam; lower part, light yellow clay.
. 020 Condition, upper part right side slope covered with weeds and small treo
.035 spronts; Teft side slope practically free from vegetation, Constructed

September, 1911. (PL 4, A and fig. 3, C.)

Jan. 5, 1915
Jan. 20,1915
Feb. 25,1015
Feb. 22,1015
Feb. 23,1915
Jan. - 25,1915
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1 Average maximum depth at bankful stage,




TaBLE 2,—Results of experiments made in Washinglon and Bolivar Counties, Miss —Continued
‘ BOGUE HASTY DREDGED CHANNEL, NEAR S8ITAW, MISS,, 1024-1026 ‘

Coefll- | Coefli-
Aver- Aver- Mean i > t
*Date of obser- | 88 age fge hy- Slope of | cientin |cient o _

vation surface eross | Y996 draulie water | formula_| rough- Description of channel

1.section radius | Suriace [ p= %1/173

3

Tt e sy =3 b B R

Course, straight, 1,000 fect long, nearly same as above, Cross section, slight
variation in shape; for variation in size, see fig. 4, D. Side slopes, fairly
even anil regular. Boftom, rather irregular.  Soil, same as above. Condi-
tion, banks [airly clean and free from vegetation, Constructed, September,
1811, (PL 4, Band fig. 3, D.)

Mar. 13,1926
Mar, 9,192
Apr. 17,1924
Dee. 17,1025
Mar. - 8,1926
May 28,1024
Feb. 25, 1024

SRR
PO@N N i
8388388

PECAN BAYOU DREDUGED CHANNEL, NEAR SHAW, DMISS.

Feb, 25,1915 3 . 3 67.5 | 0.54 3 0. 0000256 A 0.027 | Course, straight; 665 feet long. Cross section, slight and gradua] variations
Feb. 22,1915 . 3 70.0 .76 3 . 0000676 . . 032 in shape; for variation in size, see fig. 4, E.  Side slopes, fairly regular
Feb. 24,1915 3 8 A 102. 6 .51 3 . 0000271 037 except near the top. Botfom, cven and regular,  Soil, dark-colored waxy

do._...._. 3 3 113.6 .60 L . 0000271 3 ,033 ciay. Condition, a fow weeds in channel; upper part of channel quite
Feb. 23,1015 3 3 127.5 .87 3 . 0000782 A 040 frregular. Constructed, July; 1911. (P1. 3, C and fig. 3, E.)

WEST BOGUE HASTY DREDGED CHANNEL, NEAR SHAW, MISS,, 1914-15

21,1915 A 3 3 2.22 10. 0001110 5. 3 Cowrse, straight; 757 feet long. Cross section, slight variations in shape;

. 25,1915 3 . 3 68 2.97 1. 0000806 5 . for variption in size, see fig. 4, Q. Side slopes, fairly regular. Botlom

. 31,1014 A 8L A . 3.79 . . . fairly romular,  Soil, dark-colored waxy clay. Condition, channgl in

24,1915 f 3 . 3.827. 3. good condition with the exception of a few weeds; sediment deposited

- near lower end of courss caused ‘water to stand nearly whole length of

co?lrsﬂe daurgu;v periods of no flow. Constructed, May, 1911. (PL 5, A
and fig. 3, Q.
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WEST BOGUE HASTY DREDCED CHANNET, NEAR SHAW, MISS., 1924-1920

May 13,1026
May 12,1926
do e
May 11, 102
May 28, 1924
Feb. 27,1924

108 | 0.52 2,75 10. 0001316 0.002 | Course, siraight: 807 fest long. Cross section, slight variation in shape; for
172 .70 3.79 | 3 L 063 variation in sfze, sce fig. 4, Q. Side alopes, very irregular and uneven,
190 .74 ! 4,03 | . 3 . 050 Botiom, very irregular. - Soil, dark colored, waxy clay with thin layers of
234 .01 5311 . A . 050 fine sand which canses slides. Condition, very poor, due to caving hanks
318 5,72 | .. 2 5 S04 and weeds and grass. Constructed, May, 1911; redredged, April, 1923,
344 AT 038 {Pl. 5, Band fig. 3, G

Srwmaps
O 00 NN =]

[

STY DREDGED CHANNEL, NEAR SHAW, MISS.

Mar. 31,1015 5 N 30.5 L 66 | .
Feb, 25,1015 3 A 5 725 . A
Feh. 14,1015 5 107. 5 4 ..
Dec, 31, 1014 . . 115.0 .30 .

9 1 0, 000231 33. 0.045 | Course;, straight; 502 feet long. Cross section, slight varintions in shape;
11 .0002 3 . 038 for variation in size, see fig. 4, 31,  Side slupes, slightly irregular, Bottom,
3 7! . 035 fairly regular.. Soi!, dark-colored waxy clay. Condition, light growth of
58 8 J043 weeds ot botton of channel! weeds, weed stubble, and roots on side
slopes. Conslructed, July, 1911, (Pl 4, G and fig. 3, H.)

MAORSESHOE BAYOU DREDGED CHANNEL, NEAR CLEVELAND, MISS.

Juhne 26,1920 . A . 124, 2 . 5 3 . 2 Courge, stoaights 1,020 feet long. Cross scction, slight variation in shape;
May 11,1920 N 3 . A A 3 .0 for variation in size, see fig. 4, I. Side slopes, moderate irregularities

3 . X cnused by erosion and some caving of banks, Bottom, rather rough and
ircegular,. -Soil, stiff dark clay loam. . Condition, a few short weeds {n
channel; 2 small bars in bottom where Interals enter. Constructed,
Decomber, 1921, (Pl. 5, C and fig. 3, I.)

REDGED DITCH NO.1 NEAR SHAW, MISS.

Mar. §,1028 . 3 5 . . 3.26 | 0.000184 441 ] 0.041 { Courae, noorly strofghi; 995 feot long, . Cross section, some variation in shape;
Mar, 11,1026 3 , . A . 3.64 45.8 for variation in size, see fig. 4, J. Side slopes, irregular, varying from
. - steep to almost flat, Boftom, somewhet frregular.  Soil, dark clay loam,
Condition, growth of short grass and dead weeds in channel, perimeter
rather rough.  Constructed, February, 1022, (PL. 6, A and fig, 3,J.)

STANNVHO HOVNIVHA NI HALVAM 40 -M0Td

SNAKE CREEK DREDGED CHANNEL, NEAR VICTOR, MISS,

Feb, 27,1924 | 3 3 2330 | 1.47 4.79 | 0. 000087 72.0 | 0.038 | Course, straight; 1,000 fect long. Cross section, very little variation in
shape; for varistion in slze, see fig. 4, K. Side slopes, quite regular.
Bottom, fairly regular. Soil, stiff clay loam. Condition, practically no
vegetation i channel, newly droedged,. Constricted, i"ubruary, 1924,
(PL, ¢, B and fig. 3, X.)

1 Average maximum depth st bankful stage.
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FLOW OF WATER IN DRAINAGE CHANNELS
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'This is & natural channel, but was cleared of all growth end chstruc-
tions such as logs and fallen trees during the year 1915. There was
considerable small tree growth along the banks (pl. 3, B), but prae-
tically no vegetation or obstruetions in the bottom of the channel
when these measurements were made. The cross section of the
channel {fig. 3, B) was fairly uniform for about 1,200 feet from the
lower end of the slope course, but along the upper 300 feet thers
was & rather marked incresse in area. (Fig. 4, B.)

Table 2 shows that there was not much varistion in the velues of
n obtained for different steges in the channel. No low-stage measure-
ments were obtained, there being about 9 feet depth of water for the
lowest stege and 15% feet for the highest stage. It is believed that
somewhsat higher values of n would have been obiained for both
higher and lower stages, judging from the condition of the channel.

BOGURE HASTY

The course used for slope measurements on Bogue Hasty wes 1,030
feet, long for the experiments made during 1915. I$ was straight and
fairly uniform (fig. 4, C) and no water through drain tile or surface
ditches entered the channel slong the course. It wes located just
sbove the highway bridge about 3 miles west of Shaw. The lower
end of the course was above a slight bend in the channel and about
800 feet above the bridge. The gaging station, which consisted of
& suspension footbridge (75-foot span), was pleced near the lower
end of the course. The conditions for both slope and discharge
measurements were very good.

This channel was not in as good condition as that of Bogue Phalis,
near Helm. The right-side slope wes very irregular and was caving
badly. The upper part was covered with weeds and small tree
sprouts. The {)eft—side slope was very regular and practically free
from vegetation. (Pl 4, A)) The soil in the upper part of the
channel is g derk silty loam and in the lower part a light-yellow clay.
It is sticky when wet and cracks and crumbles w%xen dry. (See
fig. 3, C for average cross section of channel.)

Table 2 shows the hydraulic elements and the values of 7 obtained
from these experiments. The value of n (0.038) for extreme low
stage is the highest obtained for this difch, and is probably due to
the irregularities in the bed of the channel. The values of n obtained
for measurements 20 fo 23, inclusive, arn appliceble to the lower
balf of the chaannel, end they sgree quite closely with those obtained
for Bogue Phelia dredged channel at medium to high stages, the
conditions of smoothness and regulerity of this part of the channel
being very similar to the conditions of the Bogue Phalia channel.
The values of » obtsined for the higher stages of the channel are
considerably higher than for the lower stages. The very irregular
and caving right bank would lead one to expect a larger roughness
coefficient for bankful stage than for the lower hslf.

Messurements on this channel were made slso during the years
1924, 1925, and 1926. A slope course 1,000 feet long was selected
at about the seme location as the course used iIn 1915. Gagings
were made from the highway bridge about 3 miles west of Shaw,
Misg. Conditions for both slope and discharge measurements were
good.

“
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A, Bogue Phalia dredged ehunnet uear Helm, Miss., looking up slope eourse, 1115 B, fhopue Phadia
ugtural channel near teads, Atiss, lonking up stope eourse, Wlereh, a6 {7 Feean Layou drodged
elringd negr Shuw, s, laoking up slope course, 19010, [See 'Ualde 2
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A, Bogue Insuy drodeed chanuel near Bhow, Migs., looking np slope canrse, 1915, 13, sane logation ns
P above, Inoking ap slope course, Alavely, 1920 ©, Kast Bogue liasty dredpgad channel nenr Show,
Mies., luul..mg up slepe eourse, 1813 (bl_u 'l‘ulJ!u")




FLOW OF WATER IN DRATNAGE CHANNELS 25

- The condition of the channel in March, 1926, is shown in Plate
4, B. 1t is believed that there was less vegetation 2t high stages on
the right bank (left side of view) when the first measurements were
made, in 1924, The left-side slope was quite clean, smooth, and
regular and the right-side slope was irregular, subject to caving, and
pertly covered with vegetation, conditions very similar to those
existing In 1915. (See fig. 3, D for average cross section.) There
was somewhat more variation in cross section then in 1915. (Fig.
4, 1)

Values of n obtained for this channel are a little lower than those
obtained doring 1915, and it is believed that the channe! was in
better condition at the time of the later experiments as regards the
amount of vegetation in the channel. The differences in the values
of # obtained during the years 1924, 1925, and 1926 are probably due
to varying conditions of vegetation during this period.

FECAN BAYCQU

A course 665 feet long was used for slope measurements on Pecan
J”yyou, located about 600 feet above the highway bridge, 5 miles
directly south from Skene and about 3 miles from Shaw. The cross
section of the channel at this place was quite uniform (fig. 4, E.),
and no surfsce water entered along the course, which was situated
between two bends in the channel, A suspension footbridge for
gaging purposes was placed near the lower end of the course.

Conditions on Pecan Bayou were similar to those described below
for West Bogue Hasty. Much water was impounded along the
course during periods of no flow. It appears that material was de-
posited in the channel below to impound water for the purpose of
fishing. The side slopes of the channel were very regular. Some
weeds were found in the channel, but not nearly as many as in the
chennel of East Bogue Hasty. (PL 3, C and fig. 3, E.) The soil
is a dark-colored clay, which cracks and erumbles when dry. The
slope of the water surface was found to he exceedingly small, muoch
less than the grades designated in the original design of the channel.
This was due, no doubt, to the amount of sediment. deposited in the
%I‘u:{,)rinel below the course. The values of n obtained are shown in

able 2.

WEST BOGUE HASTY

For slope measurements on this channel during 1915, o straight
course 757 feet long, of guite uniform cross section at bankful stage
(fig. 4, F) was selected, north of the highway biidge about 1 mile
east of Litton and about 6 miles from Shaw. At the lower end of the
course, stakes for slope meesurements were located about 50 feet
above the entrance of & lateral surface ditch. The gagings for dis-
charge were made from a suspension footbridge built sbout in the
middle of the course.

The collection of drift by the bridge below the course and sedi-
mentary deposits as a result of the drift and the entrance of » latersl
ditch just above the bridge rendered this course rather unsuitable
for accurate determinations of the value of n. During periods of
no flow a pond of stagnant water extended nearly the whole length
of the course, this being due to the sediment deposited near the
bridge. The side slopes and bed of the channel were quite regular.
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Some weeds were found on the side slopes. (Pl. 5, A.) The soil is
similar to that found in the channel of Bogue Hasty. (See fig. 3, G
for average cross section.} The results of the experiments on this
ditch are shown in Tgble 2.

The slope course used in 1924 to 1926 was straight and 897 feet
'long, and included the shorter course used during 1915. Gagings
were made from the highway bridge 1 mile east of Litton, which
had a main spen of 29 feet. Conditions for measuring both discharge
and slope were now fairly good, the channel having been redredged
in 1923. A view of the channel taken in August, 1924, is shown in
Plate 5, B. The condition with regard to vegetation was much worse
in 1926. There was not much variation in cross section at high
stages, but considerable for low stages. (Fig. 4, G.) The side
?II:‘)pes wGere subject to caving, and were irreguler and uneven.

1g. 3, G.}

Higher values of n were obteined during 1926 than uring 1924,
partly because there was'more vegetation in the channel ut the time
of the last measurements. A higher velue was obtained in May,
1924, than in February of the same year, 0.044 as compsared with
0.038, due largely to the foliage on the vegetation in the later month.
However, part of these differences are likely due to channel condition

being worse for the lower than for the higher stages of flow (see
Table 2),

EABT BAOGUE HABTY

The course for slope measurements on East Bogue Hasty was
established above the highway bridge, about 2 miles east of Litton
and about 5 miles from Shaw. A stretch of 502 feet was selected,
its upper end being just below a curve in the channel and the lower
end just above the bridge and the entrance of & lateral ditch. The
discharge messurements were nade from & suspension footbridge
about midway of the course. This course was rather shori for accu-
rate determinations of slope but was the straightest streteh of com-
paratively uniform section {(fig. 4, H) thet could be found near the
lower entf of the channel.

The side slopes, and in some places the bed of the channel, were
covered with weeds and weed stubble, snd the side slopes were
slightly irreguler. (Pl. 4, C.} Practically no caving took place
slong the course, which fact was due, no doubt, to the vegetation
covering the banks. The soll is quite similar to that in the channel
of Pecan Beyou.

The values obtained for n are shown in Teble 2, and, as would be

. expected from the condition of the channel, are even higher than those
found for a benkful stage of Bogue Hasty. Some trouble was ex-
perienced during the measurements, owing to drift collected at the
bridge, and this may be in part responsible for the rather high values
obtained for n. (See fig. 3, H for average cross section.)

HORSEEHQE EBAYOU

A straight slope course of 1,020 feet was used on this channel,
Accurate discharge measurements were obtained from a specially
constructed suspension foot bridge. Conditions for measurements on
this channel were very good. The bottom of the channel was ruther
rough and irregular, ang there were two small sand bars where water
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entered from openings in the banks. No appreciable amount of
‘water entered, however, while gagings were being made. There
was a tendency for the cross section to increase somewhat from the
upper to the lower end of the slope course. (Fig. 4, 1.} A good ides
of the condition of the chanuel with regard to vegetation and side
slopes can be obtained from 2 view taken in August, 1924, and shown
in Flate 5, C. (See fig. 3, I for average cross section of channel.)

It will be seen in Table 2 that there is a considersble difference
in the values of n obtained for the two nearly similer lower stages.
This is due to the fact that there was a much greater amount of weeds
and grass in the bottom of the channel in June when the value 0.053
wias obtained than in May when the value 0.035 was obtsined, It
is believed that a value of sbout 0.030 during the winter months would
Lave been found for this channel, had it not been for the condition
of the bottour.

DHTCIE NO, I

Discharge measurements on tlis channel were made from & suspen-
sion footbridge, and conditions were very good for accurste measure-
ments. The slope course was straight and 995 feet long. The
gaging station wus located about 2 miles west of Shaw. The size of
the cross section decreased comsidersbly from the upper end to
sbout the middle of the course, and then inecreased to the end of the
course. (Fig. 4,J.} The side slopes were quite irregular and rough,
varying {rem steep to very flas, and were covered with a growth of
grass and dead weeds when the measurements were made. The
condition is well shown in Plate 6, A.  (Sce fig. 3, J for average cross
section.)

Two measurements were made at about half-bankful stage, each
giving the valuc of n ns 0.041. Tt is believed that a value of 0.035
would have been obtained for a bankful stage.

ENAKE CREEK

Conditions for both slope mensurements and discharge were good
on this channe]l. The gaging station was located on a single-span
bridge at Vietor. The slope course was straight and 1,000 {eet in
length. As may be seen from the view in Plate 6, B, this channel
was In excellant conditien. The ecross-sectional area was quite
uniform (fig. 4, K); the side slopes and bottom were reguler and
even. (See fig. 3, K for average cross section.)

Only one measurement was made, and & value of 0.028 was obtsined
for n with the depth of flow 8.6 feet. The dredging of this channel
wes completed only a few weeks before the measurement was made.

DISCUSSION OF WASBHINGTON AND BOLIVAR COUNTIES RIXPERIMENTS

The results of these experiments show that for e newly dredged
channel of regular side slopes and uniform section in this locality
the value of n 1s low, judging from the value 0.028 obtained for Snake
Creels. It is apparent, however, that channels in this locelity soon
deteriorafe, principally on account of the growth of vegetation. The
larger dredged channels such as Bogue Hasty and the Bogue Phalia at
Helm maintain themselves in better condition than the smaller ones,
as a general rule, no doubt because of the greater low-water flow,
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which iends to prevent the rapid growth of vegetation, particularly
on the bottom of the channell.) Erosion also, in the Bogue Phalia
channel near Helm, has tended to DPrevent the rapid growth of vegeta~
tion. In view of the rapid deterforation of these watercourses, it is
not believed advisable to use & value of = less than 0.035 in the design
of chennels in this section or in similar sections of the country, and
then the vegetation should be clesred out annuglly to maintain the
hydraulic efficiency.

EXPERIMENTS IN WESTERN TENNESSEE

These experiments were conducted during the years 1916 and 1917,
Values of n were obtained for six different courses of the channel of
the South Forked Decr River and for courses of the channels of the
North Forked Deer River, Huggins Creck, Sugar Creek, and Cypress
Creek. The topography of the watersheds of these channels is rolling
and somewhat hilly,

SOUTL FORKED DEER RIVER NEAR RODERTS

Gagings of this channel were made from » single-span highway
bridge apout 1 mile south of Roberts. The slope course was 1,412
Teet lTong-, and was located just above the gaging station. The chan-
nel increased gradually in size from the upper to the lower end of the
course, there being no abrupt changes in size or shape along the
course. (Figs. 5, A and 6, A.) There was no vegetation nor any
marked irregularities in the channel. (Pl. 6, C.) Considerable ero-
sion had taken placein this channel to which was largely due, no doubt,
the remarkably few irregularities and the freedom from vegetation.
As shown in Table 8, lower values of n were obtained for this channel
than for any of the other channels in Tennessee.

FOUTH FORKED DEER RIVER NEAR JACKSON

Discharge measurements of this channel were made from a single-
span skew highway bridge on the Bolivar leves road about one-half
mile from Jackson. The upper end of the slope course was located
about 75 feet below the bridge; the course was 952 feot long, and
straight. The cross-sectional area was fsirly uniform for high
stages, but for low stages several abrupt changes in size occurred.
(Figs. 5, B and 6, B.) The effect of roughness and irregularities in
the lower portion of the channel upon the value of n s revealed in the
results obtained. (Table 3.) Although the channel was free from
vegetation and obstructions, yet the values of n obtained are con-
siderably higher than those obtained for the chanmel at Roberts,
The irregularities in the channel were left at the time of construction,

the bottoms and sides having never been smoothed up properly,
(PL 7,A)) :




TAinLE 3.—Resulls of experiments made in weslern Tennessee
80UTH FORKED DEER RIVER DREDGED CHANNEL NEAR ROBERTS, TENN

Aver- e ! Coefll- | Coefli-

Dato of obger- | 888 A‘:';;:!" Dis- A“‘;g Mfan hl[l‘;,"_" Slopo of fcient Iln clenL}or Desctintion of channel

. maxi- g veloc- water ortnitla | rough- escription of channe!
vution surfnce | charge | cross draulie V=CyRS| ness

(!l!tl)g{llll width section | I | radiug | Surface (V= C) o

p Sq. fe.
Feb. 26,1016 828{4 . 3 0. 000004 3 Ceurae. straight; 1,412 feet long. Cross-section, very little varintion in
Feh. 10,1018 3 5 300.0 A . 000004 . shape, for variation in size, see Fig. 6, A. Side slopes, regular and smooth.
Mar, 20,1018 N 010, 421.8 A 5 . 00000% 3 ‘Bottom,-even and fuirly smooth, ~Soil, lower part, hard clay; upper part,
Al‘)r. 4,1918 . 465.0 5 000124 5 clayloam. Condition, no vegetation or obstructions of any sort in channel.
Mar, 4,1016 10, 8 - 000108 3 Constructed, October, 1915, (Pl 6, C nnd fig. 5, A.)

iR DREDGED CHANNEL AT BOLIVAR ROAD NEAR JACKSON, TENN,

Dec. 13,1918
Deg, 20,1016
Dec, 22,1018
Mar, 31,1017
Feb, 21,1017
Jan, 17,1017
Dec, 28,1016
Jan, 31,1017
Jan, 6,1017

2,80 | 0.000530 42,4 3 Cotrrse, straight; 052 feet long.  Cross section, very little varintion in shape;
3,83 46.8 for varintion in size, see Fig, 6, B. . Side slopes, Iirly regular near top, but
340 (000562 45.3 extremely irregular and uneven near botiom, " Botlom; very uneven and

b 51,2 . full of holes. Sofl, heavy clay loam.  Condition, no vegetation or obstrue-
tions in channel, Conslructed, March, 1016,  General remarks, high values
of n- are due to very rough and irregular condition of channel as originally
gredgcld.) The upper portion of channel is fairly regulir., (Pl 7, Aand
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UTH FORKED DEER RIVER DREDGED CHANNEL NEAR HENDERSON, TENN., 1016

STANNVH) HDVNIVHA NI HEILVM JO MOTL

Mar, 30,1016 115,2 7.3 | 157 0, 000257 62.4 | 0,028 | Course, straight; 624 feet long.  Cross section, very little variation in shape;
Mar,  1,1018 X 160, 4 80.0 1 140 ! . 000308 57,2 031 for variation insize, see Flg, 6, C. Side slopes, slightly irregular,  Boftom,
May 16,1016 . 193, 2 e 21 . 000305 71,3 fuirly regular; uneven in places with small depressions. Soil, heavy clay
May 22,106 . 358,01 M7TO| 243 5 . 000401 4 near bottom; elay lonin near top,  Condition, practically no vegetation in
May 3,101 3 434,61 108.3| 258 . 000345 60,8 channel,  Consiructed, November, 1914, (Pi. 7, B and fig. 5, C.)

1

1 Average maximum depth at bankful stage.

»
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TABLE -3.—Resulls of experiments made in weslern Tennessee—Continued

SOUTH FORKED DEER RIVER DREDOED CHANNEL NEAR IIENDERSON, TENN,, 1017

Coefli- | Coefli-

Stope of | clentIn |clent of

water formula { rough- Deseription of channel

surface. | V= % VvRS] ness
n

Aver-| pie. | Aver Iapean | Mean
surfio| charse | ES | veloc- drauli
. s | iy | dnulio
width section | radius

Date of obser-
vation

Second-

Sy ft.
23,1017 3 1 100.0 3 3 0. 000532 0.033 | Course, samio as sbove.. Crosy section, very little variation in shaPe; for
4,1017 . . 103.0 A 5 . 000480 . 030 variation in size, see Figure 6, D.  Condition, channel in practieslly the
7 106. 0 x! . . 000435 5. .028 same condition as described sbove, but slightly enlarged due to caving
138.0 A 8 . 000314 . 027 and erosion,
164.0 ), . 000313 3 .028
278.9 . 3 . 000332 3 .027

ORKED DEER RIVER DREDGED CHANNEL NEAR TRENTON, TENN,, 1018

Feh, 4,1016 3 . 8 40.2 0.76 . 5 0.030 | Course, straight; 600 feot long, Cross section, very little varlation in shape;
May 4,118 5 25,5 55,0 ) 108 2, . . 024 for variation in size, see Figure 6, E. Side slopes, fairly regular, smooth, an
May 15, 1016 . 40: . 316.0 | 3.09 3 . . stéep,  Boltam, rather {rregulnr, -Soil, clay loam.. Condition, no vegeta-
- . - Eil(’)ln _nr obstructions, banks caving badly. Constructed, May, 1915,
. Ty g

NORTH FORKED DEER RIVER DREDGED CHANNEL NEAR TRENTON, TENN., 1017

0.000332
. 000361
0050

July 22,1017
Apr. 8,107
July 7

do.
J ulyd 23,1017

7061

g 0.024 | Course, snmeasabove, Crosy section, very little variation fn shiape; for vari-
e

.025 ations in sizd, see Figure 6, F. Condition, very similar to that descritied
above exeept that the size has increased greatly due to erosion and caving
of banks. (See fig. 5, F for cross section.)
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HUGGINS CREEK DREDGED CHANNEL NEAR FINGER, TENN., 1016

May 22,1916 50.7
Feb, . 54.1
. 063.3

97.4
159.5
371.8

0. 000855 5 0.035 | Courase, straight; 914 feet long. Cross section, rather abrupt variations in

000023 037 shape; for varintion {n size, see fig. 6, G. Side slopes, very irregular. Bol
L0034 tom, rather smooth and even, Soil, clay loam containing some sand.
.037 Condition, growth of grass, weeds, and small sprouts in channol; consid-
.03§ erable caving of banks. Constructed Oct., 1914,  (Flg. 5, Q.)

PN
oS
SomBE S

CREEK DREDGED CHANNEL NEAR FINGER, TENN., 1816-17

0.040 | Course, straight; 618 feet long; part of 1016 course. Condition, chiannel in
N considerably worse condition than when first series of measurements were
. 037 made; more irregular and rough due to caving banksand a great deal more
s ggg vegetation in channel. (Pl, 8, A and fig. 6, H.)
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CREEK DREDGED CHANNEL NEAR HENDERSON, TENN,

- 28,81 0.050 | Course, 660 feotlong; first half straight, last baif curved. Cross section, very
. 050 little variationi in shape; for variations in size, see fig. 6, I Slide slopes,
JO44 upper part, smooth und regular; lower part, rather rough.” Boltom, very
. 038 rough and irregular with numerous holes. Soil, stiff clay loam; does not
L 037 wash easlly, Condition, someroots extending from sides of channel;. very
. 038 little vegetation in channel. Constructed, Dec., 1915, Remarks, very
. 036 rough condition of hottom is mainly responsible for high values of n ob-
. 8-}% tained. (P18, Band fig. 5,1.)
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CYPRESS CREEK HANNEL NEAR BETHEL SPRINGS, TENN.

"STANNVHO HSVNIVHA NI SELVM 40 MO

0. 002080 3.0 | 0.047 | Course, straight; 308 feet long, Cross section, abrupt variations in shape;
. 002435 . L 047 for varintion. in size, see fig. 6, J. Side slopes, vory irregular and rough.
001015 9 .040 Boltom, uneven; subject to variatfon due to sand deposits. Soil, clay

loam. Condition, exposed perimeter above low water practically covered

R’itlsl gr)uss and weeds, - Constructed, Decomber, 1015, (Pl 9, A and
g:5,J.

1 Average maximum depth at bankful stage.




TaBLE 3,—Results of experiments made in western Tennessee—Continued

S80UTH FORKED DEER RIVER AT CAMPBELLS LEVEE ROAD, NEAR JAOKSON, TENN. IRREGULAR. DREDGED OHANNEL

Coéffl- .| Coefli-

Slopaof | clent in |cientof

water formula | rough- Description of channel

surface - | V= CJ RS ness
C n

Aver-
age
maxi-
mum
depth

Aver- Aver- Mean Mean
su’:-%:c age, | veloe-| BV

0 cross | draulie
width section radius

Date of obser-
vation

Feet Je Sq. ft.
Mar, 20,1016 3 176.1 3 0. 000571 49, Courge, fairly straight; 534 feet long.  Cross section, rather gradual variations
Feb. 25,1016 3 3 240.0 . 000552 . in shape; for veriation in size, see fig. 6, K. Side-slopes, very irregular.
Mar, 29, 1016 . . X 305.0 A X . 000452 Bottom, very rough and uneven, - Soil, sand clucyoloam. Condition, very
Mar. 4,1018 8 3 315.6 A 3 . 000300 3 little vegetation; few obstructionsin channel. natructed, August, 1914,
(P19, B and fig. 5, K.)

SOUTH.FORKED DEER LEVEE NEAR JACKSON, TENN,, OLD STRAIGHT RIVER CHANNEL

Mar. 20,1916 40.0 106. 2 4.44 | 0. 000584 .30, 0.050 | Course, fairly straight; 407 feet long. Cross section, considerable variation in
Feb, 25,1916 41.7 3 240, 2 5.00 7. . 055 shape; for variation in size, see fig. 6, L. Side slopes, irregular. Botltom,
Mar. 29,1916 43.2 3 275.0 3 L . 002 irregular with deeP holes. Seil, sandy- clay loam. -Condition,

Mar, 4,1018 . 43.7 3 281.9 A 3 . .062 | ~-channel covered with trees, roots, and vines and subject.to caving; logs,
Feb, 3,116 . 48.8 403.2 L . 050 branches, and other drift on bottom of channel. (Pl 10, A and fig. 5, L.)

SOUTH FORKED DEER RIVER AT CAMPBELLS LEVEE ROAD, NEAR JACKSON, TENN,, OLD CROOXKED RIVER CHANNEL

241,2 . .15 [ 0. 3 Course, very crooked, containing four distinct curves; 705 feet long at low

3115 7 8 . 162 water. Cross section, large variations in shape; for variaticn in size, see

306, A X fig. 0, M. Side slopes, very irregular. Bottom, very irregulur and full of

376.7 . 2 . 3 holes, Soi!, sandy clay loam, - Condition, many roots, trees, and bushes

575.8 . on sides, and many logs, large trees, and other drift on bottom; trees are

ﬁont&inﬁd)ly falling into channel, due to caving banks, (Pl. 10, B and
g. O,

. 20, 1916
Feb.. 25,1916
Mar. 29, 1016
Mar. 4,1016
Feb. -3,101¢

e et
SNNo o
© 005t

[RI=3%
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1 Average maximum depth at bank-full stage.
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BOUTH FOREED DEER RIVER NEAR HENDEYRSON

The gaging station was located on the single-span highway bridge
sbout lgx milges east of Henderson, Tenn. Sljk}--gsi‘.r.‘:ight; course 624 feet
in length, below the gaging station, was selected for slope measure-
ments. Experiments were made on this channel during both 1916
and 1917, and there was very litile difference in the channel for the
two sets of experiments or in the values of n obtained for the corre-
sponding stages. (Table 3.) Itis believed that the results obtained
are quite accurate. The channel ss & whole was in very good con-
dition. The side slopes were slightly trregular, the bottom wes
fairly even except for a few depressions, end there was practicelly no
vegetation in the channel. (PL 7,B; and figs. 5, C; 6, C; and 6, D.)

NORTH FORKEED DEER RIVER

A single-span skew bridge on the Huntingdon levee road sbout
one-half mile from Trentor was used as a gaging station. The slope
course was straight and extended upstream from near the bridge for
a distance of 699 feet. The variations in the cross-sectional area
were quite large, but there were no abrupt changes in section for the
higher stages. Owing to the fact that the size of the channel increased
gradually from the upper to the lower end of the course, it is not
believed that the differences in the area of the cross szetion had any
eppreciable effect upon the value of = for the course. (¥igs. 5, K;
6, E; and 6, F.) There were practicelly no vegetation or other
obstructions in the channel. (PL 7, C.)

Referring to measurements 28 and 37 in Table 3, it is seen that the
values of n obtained for the highest stages during 1916 and 1917
were the same, 0.027. The increase in size of the channel due to
erosion during the interval of time between the above measurements
was 23.5 per cent, from which it is seen that the erosion of the channel
in this particular instarce produced no appreciable change in the
value of » for the channel. The low values of n for the higher stages
as compared with the results obtained for the other channels may be
attributed to the absence of abrupt changes in cross section and to
the freedom from growth and obstructions in the echannel.

HUGGINS CHREEK

The Huggins Creek gaging station wes located on the single-span
highway bridge ebout 100 yards esst of the Mobile & Ohio Railroad,
near Finger, Tenn. The slope course was straight, extended down-
stream from the gaging station, and was 914 feet long for the first
series of experiments snd 686 feet long for the second. (FL. 8, A;
and figs. 5, G; 6, G; and 6, H.)

The values obtained at Finger (Table 3, measurements 38 to 50)
are fairly consistent for all stages and sre rather high. This is due
to the fact that irregularities and growth in the chennel are quita
evenly distributed from top to bottom of the channel and to large
variations in cross section. This chennel is rapidly deteriorating,
because of caving of the banks and growth in the channel, which fact
is indicated by the higher values of » obtained during the second
period of investigations,

47184°—29——3
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ETGAR CREEEK

The gaging stetion for Sugar Creek was located on a single-span
highway bridge & short distance above the Mobile & Ohio Railroad,
and about one-helf mile from Henderson. The slope course was
located below the bridge and was 669 feet Jong, the first half of the
course being straight and the last half 2 smooth, easy curve. There
was found to be no appreciable difference in the slope as between
the curved and straight portions of the slope course. Abrupt changes
in the size of the channel occurred slong the slope course (figs. 5, I
end 6, I), and the lower portion of the channel was rough and irregu-
lar, not having been finished up properly at the time of construction,
(See Table 3 for values of #, and Plate 8, B, for view of channel.)

CYPRESE CREEK

Gagings of Cypress Creek were made from the single-span cettle
bridge about 200 yards above the highway bridge st Bethel Springs,
Tenn. This bridge was located on the slope vourse, close to the
lower end. The slope course was siraight and 308 feet in length,

Values of n for the high stages were not obtained for Cypress
Creek. The values obtained (see Table 3, measurements 60 to 62)

Cable grig
CALING sruf:.

FicorEg 7.—Siope courses of South Forked Deer River at Camphbells Jeved toad, near Jeckson, Tenn.

are high, as is the case on most of the channels at low stages, and are
due to irregularities and vegetation in the ghannel, It is likely that
g lower velue of n would have been obtained for a bankful stage.

(PL 9, A and figs. 5, J and 6, J.)

S0UTH FORKED DEER RIVER AT CAMPBELL'S LEVEE ROAD

Experiments were conducted on the river channel at the Camp-
bell’s levee road, near Jackson, to dztermine the values of n for three
different but consecutive courses, viz: Old channel (straight and
crooked} and new, irregular, dredged channel. The relation of these
courses as to location and alignment is shown in Figure 7. A good
comparison for the courses can be made, since the values of n for
the different courses were computed from the same discharge measure-
ments, made from a suspension footbridge at the upper end of the
old straight course, so that any error in discharge would not materially
affect the relative values of n. The resulis obtained, and a detailed
description of the three different courses, are given in Table 3,
measurements 63 to 76. {(See pl. 9, B, and pl. 10, for views of
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A, Cypress Creek dredged eliannel near Bethel Springs, Tenu., Juoking ap slape eotrse. Bl7; W Sauih
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course, 1916, (See Table 3)
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the three courses.) The conditions found in the two sections of
the old channel are typical of those prevailing in channels in this
section of the country. The dredged chanmel is more irregular
in shape of cross section than is the usual dredged channel in this
part of the country. (For cross sections and varistion in size of
-chaﬁn)el along slope courses see figs. 5, K; 5, L; 5 M; 6, K; 6, L: and
6, M.

In comparing the values of n obtained for the fourth mesgsurement
in each channel (Table 3, measurements 66, 70, and 75) it is seen
that the values are 0.037, 0.062, and 0.146 for the dredged, oid
straight, and old crooked channels, respectively; also that the siopes
required for the seme discharge are more than three times as much
for the old straight channel as for the dredged channel, and about
nine times as much for the old crooked channel. In order to show
the relative capacities for these three courses of channe], for the
values of n given above, the followiag computations were made
in which the slope, hydraulic radius, and cross-sectional ares for
measurement 66 were used.

[Crosssectional area =315.0 square feot, H ydraalie mdius=5.45 fect. Elope =0.0063]

Dis- !Relsi;i_va
l charges

i i Alean
Channel { n ! [+  velocity i charge

1

Fr.
Prer xev, ISchut Per cent
22y i 100

Dradged . et :
Old siraight . Lo Hol 1.3%
Old crooked st ! e

Results of the above computations show that for stmilar cross
sections and slope the dredged, old straight, and old crooked channels
would earry 707, 436, and 193 second-feet respectively, the capacity
of the old straight channel being only 62 per cent of that of the
dredged, and of the old crooked channel only 27 per cent of the dredged.
The difference in the capacities of the old straight channel and old
crooked chennel is not due entirely to the curves in the latter, since
the accumulation of drift, trees, and logs was greater in the crooked
channel. However, the difference in the condition of the two chan-
nels may be directly attributed to the Presence of the curves, since
there is a greater tendency for drift end other obstructions to eccumu-
late in a crooked than in's straight course of channel.

DISCUSSION OF WESTERN TENNEESEE EXPERIMENTS

The experiments in western Tennessee cover e greater variety of
conditions in channels than do any of the other eight sets. the values
of n obtained ranging from 0.024 for the dredged channels near
Roberts and Trentor to 0.162 for the old crooked river chenuel near
Jackson. The results, however, do not justify the use of a coefficient
85 low as the first named above in the design of dredged channels,
sifice it is not the rule that a dredged chennel maintains its original
efficiency.




TabLE 4.—Resulls of experimenis made in western Towa
ALLEN CREEK DREDGED CHANNEL NEAR MISSOURI VALLEY, JOWA

Coefi- | Coefl-

Slapa of | cient in |cient of

water formula | rough- Deséeription of channel

surface | V=CyRS| ness -
C n

Aver-
age
maxi-
mum
depth

Aver- Aver- Mean
age Dis- age 2|  hy-
surface | charge | cross draulie
width section radius

Date of obser-
vation

Sg. ft.
June 4,1917 3 196, 2 .74 . 0. 0002897 Course, straight; 704 feet long. Cross section, praciically no variation in

d 197. 4 2 L . 0002302 shape; for variation in size, see ﬂ%‘ 9, A. Side slopes, smooth and regular.
U Bottom, even and regular. Soil, heavy, dark, silty loam. Condition,
practically no vegetation in channel; bottom covered with 14 to 1 foot of
mud; sides cavered with silt of slimy and slippery nature which was no
doubt prineipally responsible for low value of . Constructed, summer of
1916, (Pl 11, A and fig. §, A))

WILLOW CREEK DREDGED CHANNEL NEAR MISSOURI VALLEY, IOWA

216.1] 4.15 4, 46 10, 0002023 138.3 . 0.014 | Course, straight: 1,004 fect long. Cross seclion, practically no variation in
220.3 | 3.69 4,49 | . 0001604 1337 Q14 shape; for varintion in size, see fig. 9, B. ~ Side slopes, left side slope smooth
273.5 | 4.37 (001624 150.7 .013 and even; other side somewhat unaven and irregrlar. Botlom, even and
I, ; reguiar. Soil, heavy, dark, siity lonm. Condition, very littlo vegetation
in channel: presence of silt and mud practically the same as_deseribed
for Allen Creek. Constructed, summer of 1016. (Pl 11, B and Fig. 8, B.)

DREDGED CHANNEL NEAR MISSOURI VALLEY, IOWA

004. . 5 . 0. 0003340 8311 0.023 | Course, struight; 868 feet long. Cross section, considerable but gradual
1,438.6 L 5. . 0002525 5 J021 variations in shape; for variation insize, seo fig. ), C. Side slopes, fairly
2,707. 4 . . L . 0001883 3 020 regular, Boltom, somewhat uneven and irregular, Soil, upper -part;
3,213.4 | 755, . 3 0001278 3 2016 dark silty lonm; lower part, hard yellow clay, Condition, practically 1o

, 0001255 ;018 vegetatiorn in channel; bottom and sides conted with Inyer of slippery
; - silt. Constructed, 1910. - (Pl, 11, C and Fig. § C.)

8,1017
7,197
6, 1917
4, 1017

-
At b
SR~ W

S

PIGEON. CREEK DREDGED CHANNEL NEAR CRESCENT, IOWA

FHALIAJIEDY JO “LdEd “§ 0. ‘63T NLLETING TVOINHDLL oy

June 6,1017 s 1,085.1 [ 320.8 | 511 6,18 . Course, straight; 858 feat long. Cross section, slight variation in shape; for

[ 12. . I varintion in size, see fig. 9, D. Side slopes; loft side fairly regular; right

17 A 3 2,047,171 363.7 1 5.63 6.12 side rough and irregular. Bottom, slightly irregular. Sot/, heavy, dark,

silty lonm, Condition, very little vegetution in channel. bottom covered

with 34 to 1 foot of mud; sides coated with slippery silt. Constructed,
1007. " (PL 12, A and Fig. 8. D.)
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MONONA-HARRISON DREDGED CHANNEL NEAR ONAWA, IOWA, 1010

93,1016
22,1916

221.0
614.0

0. 000267 63,0

"

|

0,027 | Conrse, straight; 048 feet long. Cross section, slight variations In shape,

LO2R

SSRGS SRS

i

abrupt varintions in size.  Side slopes, quite irregular, particularly upper

part. Botlom, fairly regular, Soil; dark silty ‘losm.- Condition, con~

siderable growth in upper portioun of channel, none in lower; silty material

gepgsingd on bed and sides of channel. Constructed, 1910, (P], 13, A and
E. 8, L. .

M

DREDGED CHANNEL NEAR ONAWA, IOWA, 1017

400.0
546.5

0. 000178 55.9
. 0001475‘ 63.2

0,030
. 032

—

Practically no change in channel since measurements were made in. 1016,

LITTLE SIOUX RIVER CU

June " 2,101
May 22,1910
May 24,1916

2,007.0
3,208.0
3,380,0

830.7
069. 4
1,107.0

3,47
3.3
3,056

8 62
9. 61

0. 042
044
. 046

Course, straight;-1,212 feet long. ~ Cross section, slight varistions in shape,
abrupt variations in size. Side slapes, left side quite regular; right side
frregular.  Bottom, uneven and rather irregular.  Seil, upper, dark silty
joain; lower, heavy firm clay. Condition, considerable vegetation on
both slopes of channel; very little silt in channel. Construcled, 1910,
(PL.12, B and fig. 8, F.)

LITTLE SIOUX RIVER CU

T-OFF DREDGED CHANNEL NEAR TURIN, IOWA, 1917

4,505. 5
4;887.0

3.48
3,50

10.77
11.0

0.000034 33,8
(000032 35,0

0.078
075

Conrse, straight; 1,654 feet long. Cross section, considerable variation ‘in
shape; very ahrupt variations in size. Side slopes, left side, considerably
rougher than during -1016; right side, extremely rou%h and {rregular,
Bottom, uneven and irregular. Soil, same s deseribed next above,
Condition,.since 1016 measurenients, right bank covered with trees and
willows, which have slipped into channel; channel in very bad condition,
Constructed, 1910, (Pl 12, C and fig: 8, F.)

1 Average maximum depth at bankful stage.
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FIGURE 8.—Average cross sections of channels for experiments in ‘western Iowa
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It is not believed that & value of n less than 0.035 should be used in
the design of small ditches such as Huggins Creek and Sugar Oreek
in this section of the country, or less than (.30 for large ditches such as
the South Forked Deer River at Roberts, where there is a fairly larpe
low-water flow. Where it is desired to compute the capacity of an
existing channel, the proper value of » can be selected by a comparison
of the conditions in the channel with the conditions described for the
various channels for which n has been determined in these experiments.

EXPERIMENTS IN WESTERN JOWA

Experiments in western Iowa were conducted in the following
streams: Allen Creelr, Willow Creek, Pigeon Creek, Boyer River, the
Monona-Harrison Ditch, and Little Sioux River. The topography
of the watersheds of these channels varies from rolling to hilly.

ALLEN CREEXK

Gagings of Allen Creek were made from the first highway bridge
north of the Chicago & North Western Railroad about 1 mile west
of Missouri Valley.” The upstream end of the course for slope mess-
urements, which was 794 feet in length, was about 130 feet down-
stream from the bridge. A view of the slope course is shown in
Plate 11, A, It is seen from this view and from Figure 8, A, that
the course is straight and that the side slopes of the channel are
very smooth and regular and stand at a slope of about 114 to 1. No
appreciable amount of vegetation can be seen in the channel, This
stream was enlarged to its present size during the summer of 1918,
and the measurements for values of n were made sbout one yeer
later. The soil in the channel is a heavy dark loam. The boftom
of the channel is generally covered with soft mud to a depth of one-
half to 1 foot, and the side slopes, after high steges in the channel,
are left covered with e coat of slippery simy mud or silé. This coat
can be seen by an inspection of Plate 11, A.

Two measurements of fiow were made, for practically bankful
stages. (Table 4, Nos. 1 and 2.) The value of n determined from
each measurement was 0.014, which is exceedingly low for dredged
drainage ditches and may be ascribed in part to the excellent coundi-
tion of the channel and the uniformity of cross section (fg. 9, A),
but mostly to the actunl lining of the entire perimeter of the channel
with a coating of slimy, slippery mud. This coating of mud no doubt
greatly decreased the friction between the moving water and perimeter

of the channel.
WILLOW CREREK

Discharge measurements of the Willow Creek dredged channel
were made at the Chicago & North Western Railroad bridge near
Missouri Valley. The slope posts for the upper end of the slope
course were set about 155 feet below the bridge, the length of the
course being 1,004 feet. It can be seen from Figures 8, B and 9, B,
and Plate 11, B, that the slope course is straight and very uniform
in cross section. The left side slope is much more regular and smooth
than the right side slope, and resembles the slopes of the Allen Creek
ditch in this respect. Somo vegetation can be seen in the channel,
but it was not present when the gagings and slope measurements
were made. This channel is comparatively new, having been en-
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larged to its present size during the summer of 1816, and these
measurements were mede and views taken about one yesr later. The
soil in the channel is & heavy dark loam, similer to that found in the
Allen Creek channel. The bottom of the channel was covered with
from 1 to 114 feet of mud during these experiments, and the coating
of the perimeter of the channel with slimy mud during high stages
was practicelly the same as in Allen Creek. In peneral, the channel
is very similar to that of Allen Creek, and the values of n obtained,

as given in Table 4, are practically the same as those obtained for
Allen Creek, :

. BOYER RIVER
Gagings of the Boyer River were made at the Lincoln Highway
bridge about 1 mile from Missouri Valley. The downstream end of

Distance along Siope Course iv fest,
580 A

- ALLEN CREEK

Average Maximum Depth
7.1

LCrass Saction

B
WILLOW CREEK

74

be

C
BOYER RIVER

70 ——
122

g
-
<
3
2
S
®
@

D
PIGEON CREEK

=20 i2.4
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FicURE 8.—(raphs for experiments in western Tows, showing per cont variation from sverage cross-
Sectional arcs for sil cross sections along slope coutses

the slope course was 197 feet above the bridge. The length of the
slope course was 868 feet. A view of the slope course looking
upstream is shown in Plate 11, C. The downstream slope posts are
barely visible on the left-hand side of the view, just beyond the
break in the bank. It can be seen that beyond this breek the course
of the chennel is straight and fairly uniform in cross section. (Fig.
9, C.) The sides of the upper part of the channel stand at a slope
of about 1 to 1. (Fig. 8, C.) The soil in the upper part of the
sides of the channel consists of a dark loam and in the lower part it
is & hard yellow clay. The channel is practically free from eny form
of vegetation, which condition is largely due to its rapid enlargement
caused by erosion. Since the channel was constructed, in 1910, it
has enlarged to almost double its original size.
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During flood stages the condition of the channel was very similes
to that described for the Allen and Willow Creek channels. After the
water subsided the sides of the channel were Jeft coated with a thin
layer of mud. The vsalues of n obtained (Teble 4) are higher than
those obtained for Allen and Willow Creeks, which is attributed to the
fect that the sides of the channel are considerably more irregulsr,
a5 may be seen by comparing the views of the channels. Also, it is
believed that the reduction of friction, due to the coating of mud on
the sides of the channels, was much more effective on the rather flat
side slopes of Willow and Allen Creeks than on the stesper side slopes
of the Boyer River channel. It will be noted that, for the Boyer
River channel, the value of n incresses as the stage decreases. This
is due, no doubt, to the fact that the lower part of the channel is
more irregular than the upper part.

PIGEON CRETE *

Gagings of Pigeon Creek were made at the highway bridge about
one-half mile above the Chicago & North Western Railroad, near the
town of Crescent. A view of the course of slope measurements is
shown in Plate 12, A. This view was taken looking downstream
from the gaging station. The upstream slope posts, waich were
about 65 feet below the bridge, can be seen on the right-hand side
of the view.

The upper portion of the sides of the channel stand at a slope of
sbout 1 to 1. (Figs. 8, D and 9, D.) There was very little vegeta-
tton m: the chaunel when the gagings and slope measurements were
made. The soil in the channelis a heavy dark loam, and the bottom
of the channel is generally covered with one-hall to 1 foot of mud.
The channel was dug in 1907, and has increased somewhat in depth
since that time but not much in width. The right bank of the channel
is rathor smooth and regular, while the left banl: is rough and irregular.
During flood stages the channel was coated with mud, as described
for the channels near Missouri Valley.

In Table 4, measurements 11 and 12, are shown two values of n
obtained for high stages in the channel. These values are much larger
than those obtained for Willow and Allen Creeks, which is perhaps
due to the rougher condition and greater fall of the channel, both of
which conditions proLably rendered less effective the mud coating in
reducing friction.

MONONA-HARRISON GITCH

A view of the slope course on the Monona-Harrison ditch, neer
Onewa, is shown in Plate 13, A. This view was taken looking
upsiresm from the gaging station, which was located at the highway
bridge on the Turin-Onawa road. The length of the slope course was
948 feet. Experiments were made during the years 1916 and 1917,
and not much difference was found in the size and condition of the
channel for the two sets of measurements.

In Table 4 are given the values of # obtained for the years 1916
and 1917, respectively. From this table it is seen that the values of o
obtained for the low stages during 1916 are lower than those obtained
for the higher stages during 1917. This is due to the fact that the
upper portion of the channel is irregular and covered with growth,
as may be seen from the view of the channel. During the gagings
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and slope measurements the water was not as fully laden with silt as
i the case of the ditches in the vicinity of Missouri Valley, nor were
the sides of the channel so well econted with mud. The bed and the
fatter portions of the sides of the channel were covered with silt,
varying in depth from one-half to 114 feet. (See fig. 8, E for average
cross section of channel.)

LITFLE BIQUX RIVER CUT-OFF

Gagings of the Little Sioux River were made from the highway
bridge on the Onawa-Turin Road, about one-half mile from Turin,
Values of n for the channel were obtained during 1916 and 1917.
Views of the slope course taken during June, 1916, and June, 1917,
are shown in Plates 12, B and 12, C. The length of the slope ecourse
for the measurements made in 1916 was 1,212 feet, and for those made
in 1917 was 1,654 feet. The slope course was located on the straight
stretch of channel above the paging station at the highway bridge.
The soil in the upper part of the channel is a dark silty loam, while in
the lower part it is a heavy firm clay. There was practically no silt
in the bed of the channel during the time that the experiments wers
made. The channe! during 1916 was fairly uniform in section, and
the left bank, which is shown on the right-hand side of the view {pl.
12, B), was quite regular. The right bank was somewhat irregular,
due to caving. (Sce fig: 8, I for average cross sections of the ohan-
nel.) There was some vegetation on both side slopes as may be
seen from the view. The values of » obtained shown in Table 4,
are about what would be expireted for a channel in its condition.

Plate 12, C shows the condition of the same channel in June,
1617.  The right bank, which in 1916 was covered with trees, has
caved into the channel, and the left bank is considerably rougher
than it was in June, 1916. The two values of % obtained, 0.075 and
0.07G, are considerably higher than those obtained in 1916, This mey
readily be ascribed to the caving of the right bank, which carried into
_the channel large trees and other obstructions. The water during the
experiments was not laden with silt, as in the case of the ditches near
Missouri Valley, and the channel was not conted with mud after the
subsidence of the water.

DIECUBSION OF WERTERN JOWA EXPERIMENTS

The Jow values of n obtained for the Allen and Willow Creek
ditches (0.013 to 0.014) are, so far as the writer knows, without
precedent for dredged channels. From a close examination of the
views of these courses, one would expect low values of n for channels
with such regular and smooth side slopes and uniform cross sections,
However, the fact that the values ol % nre so low can not be attributed
alone to these conditions, sinee a low value of % was obtained for o
bankful stage of the Boyer River Channel, which does not flfill these
tdeal condifions of regularity and uniformity. The low values are
therefore due mostly, no doubt, to the coating of slick, sil ty mud with
which the perimeters of the channel were covered, the tendency being”
to smooth up irregularities. It is not conelusively apparent why the
values of n for Pigeon Creek are so much higher than for Willow
Creel since the conditions of the ditches are somewhat similar. It
is possible that the slight difierence in the condition of the channel
and the greater fall rendered the mud coating less effective in reducing
frictions] resistance.




TABLE 5.—Resulls of experiments made in North Carolina

TURKEY BRANCH HAND-DUG CHANNEL NEAR PEMBROKE, N. C.

. Coeffi-- | Coefll-
by | Slopeof | cientin |cientof .
draulic{ Water | formula | rough- Description of chaunel

fadius | surface V_-_%.,/ngg

Aver-
age
maxi-
mumni
depth

Mean
age Dis- {‘({fgg
suiface | charge ity

width

Aver- Aver- !
Date of obser- i
vation

; Se}'ortxd-
el e i X

7 2.5 oo 3 0,000015 A Course, straight; 200 feet long. - Cross section, very little variation in shape;
9 4.3 . . G . 000760 . for variation in size, see fig. 11, A. Side slopes, quite regular. Bottom,
95 : 4.7 .0} | L6407 L 001010 7 fairly regular; changes occur due to silting and erosion. - Soil, sandy clay.
[\] ; : e Condition, free from vegetation of all kinds. Conatructed, summer 1913,
(P 13, Band fig. 10, A)

Fe
29,1015 0.
14, 1015 .
20,1015 .
15,

BACK SWAMP DREDGED CHANNEL NEAR LUMBERTON, N, C.

22,1915

. 10,1015
17,1915
3, 1915
20, 1015
13,1015
25, 1915

0. 000792 36,3 1 0.038 | Course, straight; 250 feet long.  Cross section, abrupt variations in shape; for

. 00088¢ 35,0 LO42 variation in size, see fig, 11, B. Side slopes, fairly regular, Bottom, fairly
034 regular, some holes. Soil, sandy clay. Condition, mat of overhanging
ragged roots on both side slopes; no weeds or grass in channel; sonie roots
in bottom. Constructed, winter 1913, (P1. 13, C and fig, 10, B.)
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JACOB B8WAMP DREDGED CHANNEL AT LOVETT ROAD, NEAR LUMBERTON, N, C.

=
<

22,1915
Jan, 19;1915
Jan .~ 25
Feb.
May

....... Fmemamn

0. (M0 | Course, straight; 300 feet long, Croas section, rather abrupt varistions in
. ¢ shape; for variation in size, see fig. 11, C, Side alopes, fairly regular,
031 : Bottom, fairly even and regular, Soil, sandy clay loam. Condition, not
.027 + - muech vegetation in channel, except for last measurenient, at which time

;' two-thirds of the hottom and side slopes were covered with water grass,

i Constructed, April, 1913. (Pl 14, A and fig. 10, C.)
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LITTLE JACOB SWAMP DREDGED CHANNEL NEAR LUMBERTON, N. (., DURING WINTER MONTHS

Feb, 22,1015 X . 3 . 3 5 0. 000448 0.033 | Course, straight; 500 feet tong, . Cross section, very little varlation in shape;
Jan. 13, 1015 . . { 3. ! . L DO073S . 4 028 Tor varintion in size, see fiy, 11, D,  Side slopes, fairly regular. Bottom,
Jan, 19; 1015 . . 3 . y 8 L0290 quite even and regular, Soil, clay; sandy bottom due to silting.  Condi-
Jan. 25,1915 . A . 3 $ A 027 tion, some moss along course; very little foreign materialin channel, Con-

cmmemimmieneaiid] f strucled, Fuly, 1013, (1'1. 14, B and Fig. 10, D)

NEAR LUMDERTON, N, C.,, DURING SUMMER MONTHOS

June 28, 1015 3 3 A . (,-000308 28.2 3 Course, sania as next ahoye, Condition, light growth of grass and weeds
Juné 15, 1935 7 . 2 5 L83 L 000314 317 along edge of low water flow,

June. 11, 1915 . . .62 . 000322 36.8
May 19,1915 X 000360 33.3
May 15,1015 . . L 000318 49,7
May 13,1015 . . 3 . ] 00176 5.8

B v

p=—6G—oPRILY

..... R O

R. & C.R. R,; NEAR LUMBERTON, N. (",, DURING WINTER MONTHS

Mar. 4,1015 . 3 5 3 L 67 1 0. 000503 0.036 | Course, straighi; 300 feet long, Cross section, rather abript variations in
Feb, 22,1015 . L84 U000470 3 L 028 shape; for variation in size, seefig, 11, E. Side glopes, irregular. Bottom
Jan, 19,1015 2 A .35 ¢ , DDA , L1036 fnirly even and regular,  Soil, clay Joam. Condition, some roots and dead
Jan., 25 1915 A 0, .43 . . 000350 28 vegetation in channel, Constructed, April, 1913, (Pl 14, C and fig.
Feb, 21915 A . A . L 000531 3 033 10, E.)

JACOB SWAMP DREDGED CHANNEL AT R, & C. R. R, NEAR LUMBERTON, N. ¢, DURING SUMMER MONTHS

June 11,1915 . . 3 0,40 3 . 000560 . 0.008 | Course, same as next above, Condition, growth of water grass and weeds
May 19, 1915 M8 in channel.

May 17,1915
May 15,1915 . X - 37, § . .
May 13,1915 . . .24 X 0004 . J47

..... R
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1 Average maximuin depth at bankful stage,
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In view of the results obtained for Pigeon Creek, the Monona-
Harrison Ditch, and the lower part of the%}oyer River Channel, it is
possible that the effectiveness of this coating of mud in reducing
Iriction is affected by vegetation, roughness of channel, angle of side
slopes, irregularity of cross section, and slope of channel. It is not
recommended that such low values of n as obtained for Allen and
Willow Creeks be employed in the design of proposed dredged drainage
channels unless there is no question bot that all the conditions of the
Allen and Willow Creek Channels will be duplicated. Tt should also
be remembered that these
difches are comperafively
new, and unless the pro-
posed ditches are to be
carcfully maintained to
keep the channels free of
growth and obséructions,
and unless there is good
reason to believe that
they will retain theirorig-
inal smooth slopes and
uniform cross section, o
c }Iow vacl[ue of » ihoullcll n}ot
ot e used, even though the
JAIgOLE e"S::a)?MP silty conditions as de-
scribed above eould be

expected to prevail,

B . EXPERIMENTS IN SOUTHERN

ILlTT%E JB\IFCQB iSWAiﬁP g NORTH CAROLINA

Values of n were deter-
mined for five courses of
channels in Back Swamp
and Jacob Swamp Drain-

, E i oge Distriet in Robeson

JACOB SWAMP County, N. C., namely:

at FL&'G.R.R.' Turkey Branch, Back

| ! Swamp, Jacob Swamp st

_ ' Lovett Road, TLittle

Fi1GURE 10.—Average c:gs?\l !i:ﬁlﬂo(qi rgl{ iﬁ][:nunels for esporinents  Jyonh Sw amp, gnd Jﬁ.{.:,Ob

Swamp at the Raleigh

& Charleston Railroad. The topography of the watersheds of thess
ditches 1s quite flat,

TURKEY BRANCLE

A streight course 200 feet long was selected for slope measurements
on the Turkey Branch Channel just above the Atlantic Coast Line
Railroad southwest of Pembroke. This channel is small and was
hand-dug. (Pl 13, B and fig. 10, A.) At the time of the experi-
ments the channel was very uniform in cross section for a bankful
stage; it had regular side slopes and was free from growth of any
kind. The values of = obtained were only for very fow stages. As
may be seen from Table 5, the aversge maximum depth for the
channel at bankful stege was 5.0 feet, and only 0.95 foot for the
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FLOW OF WATER IN DRAINAGE CHANNELS

Distance 2 7
R Mg-’ony Slope Coursein feel

A
TURKEY BRANCH CHANNEL
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B
BACK SWAMP CHANNEL
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57

C
JACOB SWAMP CHANNEL
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FIGURE 11—Qraphs lor oxperiments in North Caroline showling por cent variation from aversge
cross-sectional aren for all cross sections slong slope veurses
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highest stage for which n was determined. The cross sectional area
of the lower part of the channel varied considerably in size. (Fig.
11, A}

BACE SWAMP

A straight course of channel 250 feet in length was used for slope
measurements on the Back Swamp channel. It was located just
west of the Sunday Ford Road and nbout 8 miles west of Lumberton.
At the time of these measurements the channel was quite uniform
in cross section, and the side slopes were quite regular. (Fig. 11, B.)
The side slopes have been eroded considerably so 2s to bhe nearly
vertical, leaving & mat of overhanging ragged roots on either bank.
Owing to a comparatively swift current, there were no weeds, grass,
or other vegetation on the hottom or side slopes, but there were &
number of large tree roots in the chennel. Plate 13, C and Figure
10, B show the condition and average cross section of channel, and
Table 5 shows the values obfained for n. Of the five channels for
which experiments were made, this is the only one where & value of
was determined for & near bankful stage.

JACCHB SWAMP AT LOVETT ROAD

A slope course 300 feet in length, just west of the Lovett Road and
gbout 2 miles south of Lumberton, was selected for slope measure-
ments on this channel. The cross section was fairly uniform for the
higher stages, and the side slopes and bottom fairly regular. For
the lower stages there was considerable variation in cross sectionm.
(Fig.11,C.) There wes practically no vegetation in the channel when
the measurements were made duning January and February, but for
the single measurement made during May about two-thirds of the
bottom and sideslopes were covered with water grass. (See pl. 14, A,
for view and Fig. 10, C, for nverage cross section of the channel.)

During low water the thread of the stream wanders from side to
side, which, with the large and abrupt variations in cross section, is no
doubt responsible for the lugh velue of » obtained for the lowest
stage. (Measurement 11, Table 5) The high value obtained for
measurement 15 is due, of course, to the growth of grass in the
channel. This value was obtained for sbout half-bankful stage.
Values for higher stages were not obtained, sc that none of the values
of » given in Table 5 apply to the channel when flowing full.

LITTLE JACOB SWAMP

A straight course 500 feet in length, just west of the Lovett road
about 2} miles south of Lumberton, was used for slope measurements.
This course was fairly uniform in cross section for a distance of ahout
450 feet from the upper end of the slope course, with (}uite regular

side slopes and bottom. (Fig. i1, D.) There was very little growth
in the channel during the winter months. Plate 14, B, is a view
of the channel and Figure 10, DD, shows the average cross section.
During the summer months grass and weeds appesr in the channel,
especially along the edge of the water, and there were several patches
of moss along the slope course. There was not suflicient growth in
the channel to produce & very marked effect upon the value of », s
may be seen from the small difference in the results of the measure-
ments as given in Table 5 for the winter and summer months. The
velues of n were obtained for only very low stages.
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JACOE BWAMP AT RALFIGH & CHARLESTON RAILROAD

The slope course used on this channel was 300 feet in length aud
was located just west of the Raleigh & Charleston Railroad trestle,
sbout 2 miles south of Lumberton. The eross section of this course of
channel wes fairly uniform for a distance of about 275 feet from the
upper end of the course, but the side slopes were rather irregular.
(Fig. 11, B.) There were some roots und dead vegetation in the chan-
nel during the winter months. Silting had oceurred akong the course,
and there was & mud island 3 feet wide by 10 feet long lying length-
wise of the channel a short distance above the lower end of the opa
course. During the summer months the island was covered with
water grass. There was also & growth of grass along the edge of low-
water stages and two patches of grass in the channel along the course.
Plate 14,C,is a view of the channel, and Figure 10, E, shows the aver-
age cross section.

The highest stages for which values of n were determined were
about huff—bankfulg.: Referring to Table 5, it can be seen that the
velues of # obtained during the summer months are higher than those
obtained during the winter months, owing to the growth of grass in
the channel; also that the values for the summer months increase ag
the stage decreases, due no doubt to the fact that for the lower stages
the grass filled & much greater proportion of the cross-sectional area
of the channel,

DISCUSSION OF NORTH CAROLINA EXPERIMEKTS

Attention is especially called to the fact that in these experiments
values of 7 were not obtained for benkful stages, and this should be
kept in mind when comparing the views and descriptions of the chan-
neﬁs with the values of n obtained. A value of % for & near-bankful
stage was obtained on the Back Swamp channel, but in the other
channels the highest stages for which values of # were determined were
about half, and in some instances considerably less than half, of a
bankiul stage.

The chief value of these experiments Les in the fact that values of
7 were determined before and after the growth of grass in three of
the channels, from which a general idea can be obtained as to the re-
tarding effect of grass upon the flow in water courses.

With the exception of Back Swamp the discharges of the channels
were quite small, and for this reason it is not believed that the results
are as accurate as were obteined for the other experiments herein dis-
cussed, sicee the eflect of errors in making small discharge measure-
ments is usually greater than in the measurement of large discharges.

EXPERIMENTS IN EASTERN FLORIDA

These experiments were made on the main channels of the Fells-
mere, Vero, and Fort Pierce drainage districts, and on two courses of
lateral No. 2 of the Fort Pierce drainage district. The topography of
the watersheds of these ditches is comparatively flat,




TaBLE 6.—Results of experiments made in Florida

MAIN DREDGED (HANNEL NEAR FELLSMERE, FLA., 1916

Date of ohser-
vation

 Aver- |,

Dis-
charge

Aver-
ago
Cross
section

Mean
veloc-
ity

Mean

hy.
draulic
radius

Slope of
water
surface

Coefli-
cient in
formula_

V=Cy RS
(o

Coefli-

clentof

rough-
ness

Deoscription of channel

Oct,” 12,1016

Dee, 5, 1916

Sept, 22,1016
do.

[E———

'Ft. per;

0, 000328
+ 000260
. 000222
~000198
. 000205

i

Course; straight; 2,000 feet long, Cross section, slight variations in shape;
for varintion in size, see fig. 13, A. Side slopes, lower, fairly regular; upper,
rather irregular, Botlom, regular and even. Soil, coarse sand on bottom,
clay on sides. Condition, some vegetation, principally dog fennel, for
higher staires; practically no vegetation for lower stages, Construcled,
November, 1911, (Pl 15, A))

R FELLSMERE, FLA., 1017

Feb, 10,1917
July . 12,1017
Qct, 18,1917
Sept. 20,1017
<..-do -

0. 000259
. 000235
. 000236

- 000200
- 000185

0.025
2

Condition of channel practically the same as during the 1816 measurements,
For variation in size of channel see fig, 13, B. See fig. 12, B, for cross soe-
tion,

Oct. 20, 1920
Sept, 14, 1920
Aug. .9, 1920
Aug, 30,1920
Sept. 10,1920

0. 0001325
. 000140

Same course of channel was used as for the 1916 and 1917 mensureinents,
A little more vegetution in channel than at time of former measuretnents
and channel more irregular. For variation in size of channel, see fig. 13, ©.

TEALEINDTIDV A0 "EdAd 'S "N ‘621 NLLETING TVOINHOTL




Aug, 14,1016 . . . 3 0.92 3 , 03 Coutrse, straight; 1,000 fect long.  Cross section, slight variations in shu‘)e;
Nov., 21, 1916 . . 000478 5 for variation in size, see fig. 13, D. _Side sloru, fairly uniform and regular
Qcet. 5, 1016 . . . for lowest three stages; rough and irregular for highest two. Bottom,
QOct. 28,1016 . 3 . . L fairly even and regwiar,  Soil, snnd on bottom, clay on sides. Condition,
Qot. 20,1016 3 . 3 3 some vegetation in Jower part of channel; flat sand bars. Constructed,
December, 1912, (Pl 16, A, and fig. 12, D.)

NEAR VERO, FLA., 1017

| Sept, 12,1017 57. . 2 3 2, 3 i 0.024 | Condition of channel, about the same as for the 1916 measurements. For
Oet, 19,1017 X 9 3 3 . . 030 variation in size of channel see fig. 13, BE.
Sept. 27,1017 5 7. X 2 3 ( 3 .033
Sept, 25, 1017 3 . 8 3 . . . .040

MAIN DREDGED CHANNEL NEAR VERO, FLA., 1920

Aug. 17, 1020 A . N 0.74 1.95 | 0.000175 40. 1 Same course of channel was used as for 1916 and 1917 measurements. Chan-
Sept. 11, 1020 3 : .81 . 000163 41.4 . nel, a little more irregular and contained more vegetation than for former
Sept. 28, 1020 s 3 N 47.6 . measurements, For variation in size of channel, see flg. 13, F.

Sept. 25, 1920 46.6

i

MAIN DREDGED CHANNEL NEAR FORT PIERCE, FLA., 1016

Dee.
Nov.
Nov.
Nov.,

20,9 0.23 . 0, 000125 18,31 - 0.070 | Course, straight; 1,032 feot long, Cross sectfon, not much variation in shape;
74,2 4 for variation in size, see fig. 13, G, Side slopes, tather irregular.  Bottam,
0.5 f . . Tather rough. Soil, hard clay. Condition, some water weeds on bottom:

125, 8 3.5 . glrowéh c?r)’grnss and lilies near water edge at low stage, (P). 15, B; and

fig. 12,°Q.
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LIS TR DR

MAIN DREDGED CHANNEL NEAR FORT PIEROE, FLA., 1017
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Sept. 13, 1017 5 . ; 37.3
Qct. 22,1017 87,2

e e D
e e 1o
SIHRE

0. 009070

0.045 | Course, straight; 900 feet lon%:. Cross séction, not much variation in shape;
000163 .

. 033 variation in size, see fig. 13, .Side slopes, fairly regular. }Boifom, irregu-
Oct, . 20,1017 3 5 3 100.7 . 000180 +033 lar. Soil, hard clay. Condition; very little vegetation: channel was
Sapt, 25, 1017 5 3 220,21 134.3 . 000220 L0356 cleaned out and deepened since the 1016 measurements were made.
Qct, 17,1017 3 8. 1. 234, 1 138.5 . 000212 .033 (Fig. 12, H.)
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! Average maximum depthat bankful stago,




TasLe 6.—Resulls of experiments made in Florido—Continued
MAIN DREDGED OHANNEL NEAR FORT PIERCE, FLA; 1820

Aver-
age.
maxi-

Coefli- ' | Coefli-
L,{gﬁn Slope of | cient in | cient of )
draulic] water | formula ) rough- Description of channel

Aver- Aver-
age age
suriace cross

Mean

Date of obser- veloe-

vation

mim : : ity + stirface = O~/ RS| ness
depth | Width section | radius v %‘\/ |

July 26,1920 X 3 A X , S 0. 000166 3 . Course, straight; 600 feet long.  Cross section, slight vatiation in shape; for
Sept. 27,1020 - 5. 3 . 3 3 . 000181 3 . variation in size, see fig, 13, I. Side slopes; irregular, overhanging banks
Sept. 23,1920 3 .1 5 3 . 000150 4. . 05 in places. Boftom, somewhat irregular. Soil, hard clay on sides, sandy
Sept.- 25,1920 5 3 3 . 000149 . . in -bottom. due to siiting. Condition, considerable silting, dense lily

3 growth in upper end of slope course. Constructed, redredged in 1920, both
widened and deepened. (Pl 15, C, and fig. 12, 1.)

LATERAL DREDGED CHANNEL NO, 2, COURSE A, NEAR FORT PIERCE, FLA.

Oct. 20,1917 3 12.5 . 0,24 A 0. 000027 20.9 | 0,054 | Course, straight; 503 feet Jong. Cross section, slight variations in shape; for
Oct. 17,1017 3 . 0 37.6 3 .50 . 5 variation in size, see fig. 13, J. Side slopes, rather jrregular.  Botlom,
slightly irregular. Soil, hard clay. Condition, some vegetation in chan-
nel.. (Pl. 16, B and fig. 12, T.)

LATERAL DREDGED CHANNEL NO. 2, COURSE B, NEAR FORT PIERCE, FLA.

Qct. 20,1817 A 3 10.5 38.8 1 0.27 1,271 0.000721 3 0.140 | Course, straight; 500 feet long. Cross section, slight variations in shape; for
Oct. 17,1917 A 31.4 76.7 41 1.96 | .000423 3 .108 variation in size, see fig. 18, K. Side siopes, rather irregular. - Botfom,

3 N - .| - fairly regular; oceasional low pockets that held water durlng periods of no.
flow. Seil, sandy and easily eroded, Condition, bad; channel practically
cevered with vegetation. (Pl 16, C and 9g. 12, K.)

TEOLTADIEDV d0 "IdEC "8 "0 ‘63T MILTTING TYDINHOWL 9c

1 Average maximum depth at bankful stage,
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A
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MAIN CHANNEL NEAE FELLSMERE

The slope course on this channel was straight and was 2,000 feet
long. The gaging station was located about 100 feet below the
downstream end of the slope course, which was about 3 miles north
of Fellsmere. The gagings were made from s footbridge about 10
feet upstream from the county highway bridge and supported by
suspension brackets from the piling of that bridge. The channel in
1916 and 1917 was quite uniform in cross section, thore being only one
rather abrupt variation, which oecurred near the upper end of the
course. (Figs. 13, A and 13, B.) The bottom of the channel was
broad and reguler and guite evenly covered with sand. The side
slopes were farly regular and pracfically free from vegetafion in the
lower part of the channel, but rather irregular and covered with
vegetation in the upper part. (Fig. 12, A and pl. 15, A)) By 1920 the
sourse had Liecome, on the whole, somewhat moreirregular. (Fig. 13, C)

With the exception of measuremeni 10, Table 8, for which the
highest value of n was obtained, the measurements were made for
stages almost wholly in the lower and better part of the channel
For the same part of the channel the values of n obtained during 1917
were somewhat lower than those obtained during 1916. This might
be attributed to the {act that the cross section had become somewhat
mere uniform between the dates of the two sets of measurements, as
appeers from the grapbs shown in Figure 13. The measurements
made during 1920 are comparable with thuse for the lower stages made
during 1916 and 1917, The values of n are somewhat higher, due very
likely to the fact that the channel contained more vegetation and was
more irreguiar than at the fime of the earlier measurements.

MAIN CHANNEL NEAR YERO

Gagings of this c¢ba* uel were made from a suspension footbridge
neer Vero. The upp :nd of the slope course, which was 1,000 feet
long, was located abouus 40 feet downstream from the gaging station.
The bottom was sandy, and there were several flat, broad sand bers
in the channel during low water. (PL 18, A and fig. 12, D.) There
was some vegetation in the channel, which can be seer In the view
just referred to. The cross-sectional area of the channel was quite
uniform except for the lowest meesurements, Nos. 16 and 17. {Table
6 and figs. 13, D; 13, E and 13, F.) The side slopes for the three
low-stage measurements made during 1916 were fairly regular, but
for the three highest stage measurements. Nos. 19, 20, and 24,
made ab about half-bankful stages, the slopes were quite rough and
irregular owing to the fact thatlarge lumpsof the bank had sloughed off.

The values of n obtained indicate that the retardation to How was
much greater in the upper part than in the lower part of the channel,
which was apparestly due to the caving of the banks in the upHer
pert of the channel. On comparing values of n for ebout similar
stages, it is seen that the values obtained during 1920 were somewhat
higher than those obtained during 1916 and 1917, which is attributed
to the fact that the channel contained more vegetation and was a
little more irregular &b the later date.
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A, Alain edredped channel near Fallsmere, Fla this view, sdjoitieg the slope eourse in 107, Tep-
resents fairly well the condition of the chanoel dlong that eourse, 13, main elred sl ehinnoel near
Fort Pieree. Flu, slope eourse, 1M7; ), sumeg sloge course s 38 above m 182U; chuooel enlurpid
by redredging 1o 14ls. (See Table 6
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vart Pleree, Pl slope course A, 10997, 0 Tateral dredpgesd chiannel Ko, 2 nenr Fart Pierece, Fia,
slopre course B, 15T fsee Talde i)
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MAIN CHANNEL NEAR FORT PIERCE

Gagings of this channel were made from & suspension footbridge
located about 3 miles west of Fort Pierce. The upper end of the
slope course, which was 1,032 feet long, was located sbout 25 feet
downstream from the gaging station. At the time that the messure-
ments were made during 1916 the cross section of the channel was
fairly uniform, except for the lowest stage. (Pl 15, B and figs. 12, G
and 13, G). The side slopes were rather irregular. The soil in the
bottom of the channel was largely clay, end on the side slopes a very
hard clay. There were some water weeds in the bottom of the chan-
nel, and a growth of grass and lilies near the water edge at low stage,
As would be expected, & high value of n was obiained (Table 6) for
the lowest stage, due to the vegetation and to the rough condition
and abrupt veriabtions in cross section. The other values were slso
rather high, due no doubt to the irregularities and vegetation in the
channe],

The channel was cleaned out end deepened with a drag-line exca-
vator after the 1916 messurements had been made. After this work
had been done, values of n were again determined for the channel
during 1917. The upsiream end of the 1917 course was located 160
feet farther upstream than that of the 1316 course. The course was
straight and was 900 feet long. The cross section of the channel was
fairly uniform, there being no very abrupt variations (Bg. 13, H),
and was in rather good condition except for irregularities in the
bottom and some weeds that the excavating machine did not remove.
Comparing the values of # obtained during 1917 with those for 1918,
it 1s seen that much lower values were obtained after the channel was
cleened out and deepened.

The same course of channel was used during 1920 as during 1917,
It was redredged in 1918, and was both deepened and widened.
(Fig. 12, I} A dense growth of lilies and other vegetation appesared
in this channel between 1918 and 1920, which accounts for the
extremely bigh values of n obtained, since messurements were made
only for comparatively low stages which were affected by this growth.
For higher stages in the chennel, no doubt much lower values of »
would have been obiained. (Pl 15, C and fig. 13, I.)

LATERAL DREDGED CHANNEL NO. 2, NEAR FORT PIERCE

Values of n were determined for two courses of this lateral channel,
course A heing in good condition and course B in very poor condition.
The gagings were made from suspension footbridges. A good idee
as to the shape, condition, and uniformity of these channels can be
obteined from Plates 16, B and 16, C and Figures 12,d; 12, K; 13, J;
and 13, K.

Course A was streight and was 503 fest long; it was located at a
place where the channel passed through a ridge of hard clsy. The
side slopes of the channel were probably about as they were left by
the excevating machine and showed no evidence of erosion or slough-
ing off. As may be seen from Plate 16, B, there was some vegetation
in the channel. The rather high values of n obtained for this chennel
were probably due to the presence of vegetation and to the abrupt

variztions in cross section.
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Course B wss straight and was 500 feet in length. This course
was located in one of the so-called sand ponds. The soil is sandy and
essily eroded. The banks have been washed in, and considerable
material had been deposited in the channel. The cross section was
very broad and shallow as compared with that for course A, {Fig.
12, K.) There was considerable vegetation, covering the entire
perimeter of the channel, as may be seen by referring to Plate 18, C.
The values of # obtained are very high, due no doubt principally to
the presence of vegetation.

Unusual care was exercised in making the slope measurements
and gaugings for both courses of channel. The slope for course A
was very small and required precise measurements to secure reli-
able results.

DISCUSSION OF FLORIDA EXPERIMENTS

Owing to the fact that the slopes for chennels in this section of the
country are quite small, the velocities are necesserily low. As &
result, the channels are subject to silting and to the rapid growth of
vegetation. Unless channels in this section are to be carefully main-
tained, it can be seen from the results of the experiments as given
in Table 6 thet a comparatively high value of 2 should be used in

their design.
EXPERIMENTS IN EASTERN ARKANSAS

Values of n were determined fur the following dredged ditches in
eastern Arkansas: Ditch No. 43, ditch No. 18, ditch No. 19 near
Winchester, ditch No. 19 near Dumas (all in the Cypress Creek
Drainsge district), and the Cummins Lake ditch of the Cumming
Lake drainage district. The topography of the watersheds of these
ditches is comparatively flat. Values of n were determined also for
flow through standing timber in St. Francis River floodway, In
Poinsett County. This floodway carries the combined flow of St.
Francis and Liftle Rivers. The drainage srea of this weaberway,
although mostly flat, reaches into the hills of the Ozark border in
Missourd.

DITCH WO. 43

Messurements on this ditch were made shortly after the dredging
of the ditch was finished. The discharge was measured from & pie-
trestle highway bridge at right angles to the channel. The slope
Imeasurements were made on a straight course 1,710 feet long. just
north of the highway bridge on the hard-surfsced rcad between
McGehee and Arkansas City.

A good view of the condition of the channel st the time the measure-
ments were madeis shown in Plate 17, A. The channel was in about
the same condition as the dredge had left it, there being practicelly
no vegetation in the channel. The bottom and side slopes were
somewhat irregular. The cross section of the channel was fairly
uniform st high and intermediate stages, but varied considerably for
low stages. (Figs. 14, A and 15, A.)

With the exception of measurement No. 5, the values of # obtained
for this ditch are close to 0.030. (Table 7.) Tt is believed that the
higher value obtained for measurement No. 5 was due to an error in
the measurement of the slope or the discharge.
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DITCH NQO. 18

Gagings of this ditech were made from o suspension foothridge, a
view of which is shown in Plate 17, C.  This bridge was located about
300 feet south of the McGehee-Arkansas City highway and about 6
mites west of Arkkansas City. The slope course was straight and 810
feet long. The growth in the diteh was cleared out for some distance
above nad below the gaging station so as to insure sccurate current-
mefer measurements.

This ditch was dredged in June 1918, and the growth of vegetation
in the ditech has never been cleared out. The view in Plate 17, B,
shows that there were fairly large trees in the channel. This view
represents the condition along the slope course during the winter and
spring months, Plate 17, C, shows the trees with heavy foliage in
the chanpel and represents the condition during the suminer and
fall months. The growth in the channel consisted principally of

ST. FRANCIS RIVER
near Marked Tree, Ark,
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Fi6URE 15~Craph lor experiment on the St. Fragcis River Seodway near Marked Tree, Ark.,
showing por cent varigtion from average cross<sectional area for alt cross sections along slope
course

willow and cottonwood trees. (For cross-section of channel and
varintion in size, see figs 14, B and 15, B.)

Tt will be noted in Table 7 that much higher values of 2 were
obtained during the summer and fsll when the trees were in full
foliage than during the winter and spring; also that values of » were
determined for much higher stages during the summer and fall
months than during the winter and spring. The highest values of
were obtained for the highest stages of water, which is attributed to
the flow encountering more foliage and branches with an incresse in
stage.

Judging {rom the values of n obtained for ditch No. 43, the capacity
of ditch No. 18 for the condition shown in Plate 17, C, 1s only about
one-fourth of whai it would be if the drain were kept cleared.

47184°—29——=5




TABLE. 7—Resulls of experiments in easlern Arkansas
DITCIT NO, 43 NEAR ARKANSAS CITY, ARK.

Coelli- § Coelli-
This- Mean | “ 5 | Slope of | cient i jeient of
veloo- (lrnfﬂic wator fortnuly_| rough- : Deseription of channel
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Aver- Mean
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surface | chargo
width
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May  4,1926
Feb, 19,1920
May 11,1926
Mar, 7, 1020
Jan, 20, 1926
Jan, 23, 1020
Mat.

Mar,

Dec.

Nov. 5,
Nov. 13,1925
Nov, 09,1025 E 1L77 |
Nov, 10, 1925 1,348, 7 11.76 | . 0000830

............. . . -— . -

Course, straight; 1,710 feet lon%'. Croas section, not much varfation in shape;
for variation in size, see fig. 15, A. Siue slopes, somewhat irregulat.
‘Boltom, -rather irregular and uneven. Soil, heavy silty clay. Condi-
tion, practically no vegetation or ohstructions in channel; newly dredged.
Constructed, Septomber, 1924, (Pl 17, A and fig. 14, A.)
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46,5 0.47 1.01 | 0.000124 . 3 Course, straight; 810 feet long,  Cross section, quite uniform in shape; for
85.0 .05 2611 . 5 32, . variation in size, séa fig. 15, B, . Side slopex, irregular and uneven. Bot-
93.0 . 2,75 . 5 . (4 tom, irregular and uneven, Seil, heavy silty clay. Condition, practically
118,40 B 3214 . . .0 enlire section Alled with large sized growth of trees consisting principally

156: 7 370§ . 2 of willows nand cottonwoods, Conytructed, June, 1018, (Pl 17, B and

3.75| . . . fig. 14, B.)
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127.0 | 0,70 3,98 | 0,060128 34, 0. 8{;3 Course, same as above. Condition, practically the ezime oxcept thut all

140. 5 [i% 347 [ .000218 growth is in full leaf; very donse follage. (PL i7, C.
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DITCH NO. 19 NEAR WINCIESTER, ARK,

May 13,1925 . 447,11 48, 0.82 5. 39 10. 0000251 8.6 1 0,082 1 Conrse, straighty 1,600, feet long.  Cross section, some variation In shape;
May 12, 1925 A 680, 3 77 119 5,00 1 0000507 6.1 L0338 for varlation In size, see fr. 15, (%, Side slopes, lrregular. - Bottom, rather
Jan, 23,1026 ] 1,385. 5 . 1.46 7.84 1, 0000437 53,9 43 freegular,  Soil, upper, clay and sandy lonm: lower, silty clay, Condi-
Jan, 25 14026 1,454.1 . 1.83 7,85 1, 0000944 56.2 L041 tion, some silting in channel; thick growth of willows and cottonwood
Nov. §,1025 13. 1,536.2 A 1,38 L 52 1 . 0000062 482 . 050 treos cover most of left hank and ahout half of right bank; very little under-
growth, due to pasturing; grass on slopes; lower part of channel compara-
tively free from vegetation, excopt for somie willows on small islands near
ummr)oud of course. Constructed, February, 1918, (Pl. 18, A and flig.

i, ¢

¥

DITCH NO. 19 NEAR DUMAS, ARK.

0. 0002106 20.8 1 0.055 | Course, straights 1,700 fect long, - Crosz section, fairly uniform in shape with
56,6 Nz exception of one cross seetion at sand bar and one due to ridge in center of
59. 4 . 01 channel; for variation in size, see fig. 15, D. Side slopes, somewhat ir-
50,7 . rogular, Boflom, uneven and -frregular. Soil, upper, clay and sandy
60,2 loam; lowaer, silty clay. Condition, short Bermudn grass on sides of
9.1 . channel; pastured; very few willows, weeds, or bushes In channel.  Con-
84,7 . structed, Docember, 1914, (P, 21, A and fig, 14, D.)
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CUMMINS LAKE DITCH NEAR GOULD, ARK.,, DURING WINTER AND SPRING MONTHS

18,1026 3 44.1
Apr. 24, 1028 5 40,2
Daoc, A 53,7
Jan, 631
Jan, 3 643
JRUR ; [y S A 04,3

115, 8 . 2,51 | 0.000574 . Course, siraight; 710 feet long.  Cross section, very little variation in shape;
154.8 . 3.02 00M47; . 051 for variation in size, see fig. 16, B. Side slopes, fairly regular.  Boltom,
202.0 . 3,61 ) fairly regular; - Soil, upper, sandy loam; lower, silty clay. Condition,
300, 4 . 578 5 growth of willows in-channel 8 to 10 feet, high except on upper part of side
432.8 . 6. 22 3 . slopes and narrow strip of channel, willows ahout one year old. * Con-
433.5 . 6.23 | . structed summer 1924 (Pl 18, B and fig. 14, B.
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CUMMINS LAKE DITCH NEAR GOULD, ARK, DURING SUMMER AND FALL MONTHS
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48 | May 12, 1028 4L 8 56.9. 1 104.5 A 2.41 1 0,000273 3 0.078 | Course, snmo as above. - Condition, practically the same excopt that wil-
491 Nov, 11,1020 57.8 401 22,61 1. 4.34 [ . 000300 3 . 068 lows and other vegetation are in full folinge. (PL 18, é.)
50 | Nov. 7, 1028 . 011 410,7 [ 338.8 | 1 5,221 000315 070
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TaBLE 7.—Resulls of experiments in eastern Arkansas—Continned
ST. FRANCIS RIVER FLOOD WAY NEAR MARKED TREE, ARK., DURING WINTER MONTHS

suver- Coelli4® | Coefti-
| Dateof gbser- age | Aver- Tis- dvver- 1 ko Slope of | - clont in lejentof
B8 0LODSEI- | v 15 age . | “water . | formula | rough- Deseription of chantel
vation mum charge | eross | 7 rad surface | V=0« RS ness

depth section é.

Second-
Feet

&
o~

0, 0001061 Course, straight; 8,000 feet long. - Cross section, variation in depth only; for
L 0001042 5 .088 variation in size, see fig. 15, F. - Side slopes, none. Botlom, fairly even
. 0001036 . . and ‘regular, with occasiopal flas-bottom sloughs. Spil, varies from
. 0001056 ; . medium fine sand on low broad ridges to fine cluy in depressed areas.
. 0001042 3 . 104 Condition, practically virgin timber, prineipally oak, gum, and cypress;
. 0001030 3 very little undergrowth except oceasional-dense patches of bushes and
. 0001030 . . small trees; some logs and dead fallen trees; Constructed about 1922. - (Pls.
. 0001020 i) 14 and 20.)
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. 0001049
. 0001227
. . 0001146
L8621 . Q001215

Mar. 13,1927
Mer. 10,1927
Mar. 9,1827
Mar. 8, 1927
Mar. 6,1927
Teb: 25,1927
Feb. 23,1027
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. 20, 1927
. 18,1027
. 17,1927
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RANCIS RIVER FLOOD WAY NEAR MARKED TREE, ARK.,, DURING SUMMER MONTHS
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Course, same as above. Condition, treesin full folisge, but thereappeared to
be ligt]e foliage below maximum elevation of water duiring these measuro-
ments. .

12,208 Kt 0.691 8,89 0. 0001255
12,772 . 9,10 | . 0001281
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July
July
July
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July
July
July
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2 Based on measurements of surface velocity only.
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A, Dredped 1Nteh No. ot of Cyprees ieek deainnge district, near Arknnsis City, Ark. logking cp
slupe eonrse, Juby, 10265 04, deedged Ditel No. baof Cypress Creek druinuge distrlct, neur Arknnsns
City, Ark,, lookiong dewn slope cotirse, Marel. 1625 0, same slajie eourer as 13, shove, looking
lownstrenmn, showing prowil and hesvy foliuge fn June, 1026, (dee Tuble ]
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X

A, Liteh No. ol Cypress Creek drainnge disteiel, near Winchester, ek, toaking up slope course,
Talv, 2% B, Cumtbing Loke dredeed chounel, near Gonld, Ark., looking up slope course,
Blarh, 1096 O, same view 15 B, whove, showing foliage on willows in June, W2, (see Tuble 7)
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DITCE NQ. 1 NEAR WINCHESTER

Gagings of this ditch were made from a pile-trestle highway
bridge about 2 miles east of Winchester, Avk. The gauging section
was not & very good one, and the discharge measurements are not as
accurate as those made from single-span bridees such as was used on
ditch No. 18. The slope course was straight and 1,600 feet long. The
channel was pastured, so there were practically no weeds or long
grass on the siopes, and the lower foliage was eaten off of the trees
by stock. As can be seen from the view in Plate 18, A, the lower part
of the channel is quite free from vegetation of sny sort. Most of
the left bank was covered with trees and about half of the right
bank., There was also o small island about 25 feet wide and 150 feet
long covered with a growth of willows near the upper end of the slope
course. The variation in size of the cross section of the channel was
not large. (Figs. 14, C and 15, C.)

It can he seen from Table 7 that comparatively low values of n
were cobtained for the lower part of the channel. The value of n
increased when the water reached the lower part of the trunks of
the trees on the banks and wes highest when the water reached the
foliage and branches.

DITCH Nu. I¥ NEAR DUMAS

A. single-span steel bridge wss used in geging the flow in this
ditch about 2 miles east of Dumas, Ark. The slope course was
straight and 1,700 feet in length. The channel was pastured close
and contained very little vegetation. (Pl. 21, A.) The side slopes
and bottem of the lower part of the chsmmel were quite irregular,
which accounts for the high value of 2 obtained for the lowest stages.
There was also considerable varistion in the size of the cross section
for low steges, (Figs. 14, D and 15, D.; The channel was fairly
uniform for higher stages, with the exception of one short stretch
where there was a small sand bar and another where there was a
narrow ridge in the center of the channel. It will be seen from Table 7
thai the values of n for stages ranging from medium to bankful sre
fairly consistent, the differences being due, it is believed, to irregu-
larities in the channel.

COUMMING LAEE DITCH

Gagings of this chanuel were made from & single-span wooden
truss brnidge about 4 miles north of Gould, Atk. The slope was
measured on s straight course 710 feet long, just above the bridge.
{See figs. 14, B and 15, E for average cross section and variation in
area.) 'Two views of the channel are shown in Plate 18, one taken in
March, 1926, snd the other aboub three months later. The esarlier
view shows g thick growth of willows, about 1 year old at the time,
almost completely filling the ditch outside of the low-water channel.
The later view shows the willows in full leaf.

Table 7 shows that the values of n wers appreciably larger when
the willows were in full leaf than before the foliage appeared, These
resuits clearly show what effect a short-time growth of willows has
upon the hydreulic efficiency of a drainage ditch. The capacity of
this ditch when first dredged was about 50 per cent greater than for
the condition shown in Plate 18, B, and about 100 per cent greater
than for the condition shown in Plate 18, C.
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BT. FRANCISE RIVER FLOOD WAY

These experiments weré made on a straight course of the flood way
8,000 feet long, about 4 milss northwest of Marked Tree, Ark. The
flood wey lies between parsllel levees that are about 2,500 feet apart.
Along the flood way side of each levee is an open channel about 70
feet In top width and 11 feet in depth. (Fig. 16.) To eliminate the
effect of the higher velocities in the channels, computations were
mede for only 2,000 feet width of flow, between lines about 250 feet
from either levee.

Between the open channels the flcod way is covered with a pracéi-
cally virgin growth of oak, gum, cypress, cottonwood, and other trees.
Except for occasional dense patches of small trees and bushes, the
course was almost free from undergrowth, but there were logs and
dead fallen trees scattered throughout the flood wey. Four typical
wiews sre shown in Plates 19 snd 20, The bottom of the course was
fairly even snd regular, with cccasional flat-bottom sloughs; but
there was considerable variation in average depth and cross-sectional
ares, ss determined by cross sections measured a6 1,000-foot intervals.
(Fig. 15, F.}

The discharge messurements were made from the Chapman &
Dewey Lumber Co.’s railroad trestle, midway between the ends of
the course. 1t was thought this would determine the average fiow
through the course more nearly than gagings at any other single
cross section, for there was some flow back and forth between the
timbered ares and the open channels. The velocity of the water
was measured by current meter, st 60-foot infervals across the
flood way. For 7 of the 15 gagings in 1927, the measurements were
made at top, middle, and bottom depths (Nos. 51, 55, 58, and 62 to
85 in Table 7); for 6 gagings, ab the surface only (Nos. 52, 53, 57,
59, 60 and 61); and for 2 gagings, a combination of the surface and
the three-point mesasurements was used (Nos. 54 and 58). The
cosfficients used for computing mean velocity from surface velocity
in each vertical were obtained from the three-point gagings. The
values of n obtained from three-point gagings and from the combi-
nation of three-point and surface gagings are more dependable than
those from surface gagings only (indicated by footnote in Table 7).
All the gagingsin 1928 were made by the three-point method. The
slope of the water surface was determined from carefud measurements
on the east side of the flood way.

The values from the more dependable gagings in 1927 show &
continuous increase with depth of flow, from 0.095 fo 0.152; the
values from surface gagings are somewhat lower, but likewise show
& continuous increase of n with depth of flow. This variation in the
value of % is attributed to the greater number of the branches of
trees encountered by the flow al the higher stages. The mesnsure-
ments in 1928 were made in the summer when the timber in the
flood way was in full leaf, whereas the esrlier measurements were
made under winter conditions. The depths renged from 0.6 {oot
below to 0.0 foot above the maximum for the 1927 measurements.
The values obtained for » range from 0.129 to 0.152, increasing with
the depth of flow as was found for the winter messurements. For
gimilar depths, however, the values obtained in 1928 are slightly
lower than those obtained in 1827.

When the water subsided after the 1028 measurements, an exami-
nation showed that there was vers little foliage below the point of
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meximum depth of flow during the measurements, owing tc the
dense shade afforded by the trees. Therefore no appreciable dif-
ference in the values of n obtained for the winter and summer
measurements would be expected. The difference between the values
given for n by the two sets of gagings probably is due to a difference
m_making the measurements of bottom velocity. The 1927 deter-
minstions showed the bottom velocities to be remarkably low as
compared with the velocities at mid-depth, due to considerable
vegetation on the bottom of the flood way at and above the gaging
station. The same condition existed in 1928, but an appreciable
increase in velocity was shown when the meter was raised but shightly
above the bottom. In the later set of measurements, the meter was
thus raised because 1t was believed that the velocities obtained were
more representative.

It appears that the value of » for high stages could be reduced
appreciably by cutting off the tree branches that are submerged by
the deepest water. A further reduction in » could be made by clear-
ing the undergrowth, logs, and fallen trees from the flood way. If
7 were reduced fo 0.0406, as found for the higher stages in the cleared
course of the mam diversion flood way in Little River drainage
distriet, Missouri (Table 8), by clearing off the timber, undergrowth,
and débris, it appears that the capacity of St. Francis River flood
way could be nearly tripled.

DISCUSSION OF ARKANSAS EXPERIMENTS

The results of the experiments conducted on ditcl: No. 18 and the
Cummins Lake ditch indicate cleatly the effect of growth of vegetation
upon the hydraulic efficiency of a drainage ditch, both long-time
growth as for ditch No. 18, and short-time growth as for the Cummins
Lake ditch. These results emphasize the importance and necessily
of systemntically maintaining ditches in this locality.

The values of n obtained for ditch No. 43 show what can be ex-
pected when ditches are kept in good condition. Annual clearing
18 required to keep a ditch in fairly good condition in this locality,
and even then considerable vegetation will appear in the ditch during
the sumamer months. It is therefore believed not advisable to use &
value of » lower than 0.035 in plaoning ditches in this section of
Avkansas, and in areas with similar characteristics in other States.
Where systematic maintenance is not intended, much larger values
of n should be used.

The values of n found for St. Francis River flood way are about
one-third greater than those determined about five years earlier for
the uncleared cowrse of flood way in Little River drainnge district.
(Table 8.) Physical conditions on the former course appear fairly
typical for virgin timber on the bottom lands in this section of the
Mississippi Valley, but many more experiments are necessary, on
other courses, to indicate average values or a range of values of n for

such lands.
EXPERIMENTS N SOUTHEASTERN MISSOURI

These experiments were conducted on the following chanmels in
the Little River drainege district: Main diversion flood way, exca-
vated channel in msin diversion flood way, ditch No. 1, and Sals
Creek rock channel. The topography of the watershed of ditck No. 1
is comparatively flat, while for the other channels it is quite hilly.
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TanLe 8.—Resulls of experiments in southeastern Missourt

MAIN DIVERSION FLOOD WAY NEAR NASH, MO., CLEARED CUURSE

Aver- o 5 ! Coefll- | Coefli- ’
age ﬂ\g%r- Dis- * ;gf. Mean ]\l[]‘;ffu Slape of | cient in |eciontof!
wmaxi= | gorrtea | ohnrga | cross | Y210 drauilic] Water | formula | rough- Description of channal

munm | . ity surface | V= 0/RS
deptn | Width section radius %w/ S

Date of obser-
vation

Second- Ft.per
&&C.
0.395 . 78 10. 0060516 5 Course, straight, 3,000 feet long.  Crosas section, no variation in shape; for
626 .33 [, 0000500 . . variation in size, sce figure 18, A. Side slopes, quite uniform on levee
il . . (000540 5 . side,  Bettont, falrly even und regular.  Soil, heavy dark clay orf gumbo.
Rt . 0000843 3 . Condition, numerous stumps, but just clenred of all brush and sprouts;

. 808 X . 0000696 . very little vegetation. Construcled, 1916, (P, 22, A snd 0ig. 17, A.)

o
TR
S e 6

grengnia N

MAIN DIVERSION FLOOD WAY NEAR NASH, MO,, UNCLEARED COURSE

1,874.8 13,682.0 | . 500 4,40 10, 0000768 ; 27.0 1 0.075 | Course, straight; 3,000 leet long, Cross section, no tarintlon in shape; for
2,672,3 13,007.9 - .4 4,48 | . 0001592 7.1 .075 varintion tn size, see figure 18, 13,  Side slopey, quité uniform on lovee sideo.
2,631, 1 44,004, 1 ) L0657 4.84 | , 0001233 26.9 077 Bottom, falrly even and regular.  Soil, heavy dark clay or guinbo,  Con-
dition, about 3 or 4 years” growth-of willows and sprouts from stumps,
vory few weeds and vines, sonio logs and drift, stamps about the same
as-in cleated looad way., Censtructed, 1018, (P1, 22, B and fig. 17, B.)

EXCAVATED CHANNEL IN MAIN DIVERSION FLOOD WAY NEAR NASI, MO.

Apr,

Apr,

L Apr.

¢ Apr,

Apr, 1,
Apr. -2,1922

14, 81 f(). (000470 .1 0. 0,30 ! Course, steaight; 3,000 feet long.  Cross section, some varfation in shape;
i 037

15, 3% ‘ . DO00OAY 3 i for variation 1u size, see ﬂkfﬂrﬁ 18, €%, Side slopes, upper half of course,
16.73 1, 0000540 .8 i very irregulng lower balf, teft side very feregalur; right side paved with
17,36 } L 0000570 N % rack on 243 to 1 slope,  Bottom, irregular.  Seil, principafly heavy dark
17,77 | , 0000893 8 .03 clay or gumbo, lower part of vhannel sandy.  Condition, practieally no
17.86 1, 0000723 J v\epelslu[i]ml liu (c‘lmrmel, grosion very qctive,  “Consfructed, 1016, (P), 23,
A and fig. 17, ¢
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L NO.1NEAR CHAFFEE, MO., BEFORE GROWTIT OF WILLOWS

30.0 A 2.00 {6, Qo008 63..1 ! 0.025 | Course, straight; 800 feet long. - Cross secfion, very little variation in shape;

44, 1 . 2,18 § . 000070 4231 Lom for variation in size, seo figure 18, D, Stile slopes, quite regular. * Botlom,

80.7 2,84 S [0 N .74 fairly re{:ulnr. Soil, dark, heavy, tenpcious clay. Condition, newly
2.0 0331 L0927 cledred channel, practically no vegotation. Constriccled, December,. 1014,

J.01 644 1 L0028 (PL 2L, B and fig, 17, D.)

3.28 1. 0000 63,2 1

3.67
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26,1023
. 25,1823
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DITCH NO.1NEAR CHAFFER, MO., AFTER GROWTII OF WILLOWS

Nov. 29,1025 3 f 115,01 0.73 3. 66410, 000184 .21 0,060 | Same channel as above with about 2 years' growth of willows, (P.21.Ci)
Nov. 28, . . 5 136. 5 .73 3,908 1, 000192 2 S073

' SALS CREEK ROCK CHANNEL

May 22,1022 3 3 160. 46.2 | 3.46 2.56 | 0.00270 . Course, straight; 161 feet long. Cross section, very little variation in shape;

do. 3 3 L 48.41 3.08 2,62 43, for variation in size, see fig, 18, E. Side slopes, quite irregular. . Bottom,
fairly even, some irregularities. Soil, limestone rock. Condition, ragged:
projecting rocks as excavated by explosives. Constructed, December,
—— 21, (Pl 23, B and (g. 17, E)

SALS CREEK ROCK CHANNEL NEAR ANCELL., MO., ENLARGED

0. 001808
~001898
L 001750
. 002872
. 002680
. 002013
. 003142
. 003721
003529
. 004198
004120
. 004637

July: 12,1924
July 10,1924
Jan. 30,1923
Mar, 18,1927
Feb, 11,1923
Mar, 18,1027
do.
Mar. 31,1927
June 13,1927
Mar. 31,1927
Jum'aj 13,1927

Course, straight; 250 feet long, Cross section, very little variation in shapo;
for variation in size, see fig, 18, F.  Side slopes, [airly regular, = Bottom;
quite even and regular, Soil, limestone rock. Condition, same channel
as nhove, enlarged and smoothed by band. Constructed, Decomber, 1922,
(Pl 23, C and fig. 17, F.)
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MAIN DIVERSICGN FLOOD WAY

Dischai-ge and slope measurements were made on a clesred course
and on an uncleared course in a straight stretch of the flood way near
Nash, Mo. The length of each course was 3,000 feet. The flood way
Lies between levees that are about 1,100 feet apart. Along the flood-
way side of the south levee is a large excavated channel. To elimi-
nate the effect of the higher velocities in this channel, the values of
n were computed for & width of about 825 feet, bounded by the north
levee and a line approximately 30 feet outside the channel. A view
of the cleared course of the flood way is shown in Plate 22, A. The
clearing of this course was completed about one month before the
measurements were made. Everything was cleared from the fiood
way except the stumps and, in places, a growth of dry slough grass
which did not exceed 3 or 4 inches in height. The stumps ranged in
height from 134 to 2 feet, the average being about 1.6 feet, and ranged
in diameter from 6 inches to 4 feet. The average number of stumpa
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FiGURE 16, —~S5lope course St. Franeis River fivod way oear Murke i Troe, Ark.

per acre was about 117, and the G-inch to 18-inch stumps constituted
about 88 per cent of the totsl number.

The condition of the uncleared course is shown by two views in
Plate 22. This portion of the flood way had been cleared shout three
or four years before the views were taken, and the growth shown
comsisted principally of willows and sprouts from the stumps. There
was very little undergrowth such as vines and weeds, and the con-
dition as regards grass and stumps was similar to that of the cleared
portion of the flood way. There were 2 few logs and some drift slong
the course. {See figs. 17, A; 17, B; 18, A; and 18, B, for average cross
section and variation of cross sections slong the slope courses.)

Current meter measurements were made at 40-foot intervals across
the flood way. They were made from & bost attached to & cable
wire stretched across the flood way midway the length of each slope
vourse. As extreme care was exercised in making all the measure-
ments {or determining the values of %, it is believed that the results
are quite accurate. Table 8 gives the results of the experiments.
The average value of n was found to be 0.046 for the cleared course
and 0.076 for the uncleared course, for depths of water ranging from
4.4 to 5.5 feet. The great difference in the values of n obtained for
the cleared and the uncleared courses emphasizes the importance of
systematic maintenance for flood ways to prevent marked reductions
in their capacities.
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FLOW OF WATER IN DRAINAGE CHANNELS

For a more detailed description of these experiments, the reader
is referred to a report on The Flow of Water in the Main Diver-
sion Flood way of the Little River Drainage Distriet in Boutheast
Missouri.?

EXCAVATED CHANNEL IN MAIN DIVERBION FLOOD WAY

Gagings of fhis channel were made from a cable and car gaging
station near Nash, Mo. This channel is located along the south side
of the flood way. (Fig. 17, A) The course used for slope measure-
ments was straight and 3,000 feet long. The everage maximum depth
of the channel was 20.5 feet, and the top width about 145 feet. (Fig.
17,C.) TFor themeasurements shownin Table 8, the depthof flow over
the banks ranged from 2 to 514 {eet. The wetted perimeter for all
of the measurements was taken the same as the wetted perimeter for
the channel at bank-full stage. The left bank of the channel for the
full length and the right bank slong the upper half of the slope course
were very irregular. The right bank was paved with rock along the
lower half of the course. (Pl 23, A.) There was practically uo
vegetation in the channel. Variations in the size of the cross section
were small.  (Fig. 18, C.)

The values of » obtained for this channel range from 0.033 to 0.037,
which are rather bigh for a channel frec from vegetation. It is be-
lieved that the great irregularities in the side slopes and bottom, due
to erosion and caving banks, aceount for the high values obtained.

DITCH N0O. 1

Gagings of this ditch were made from a single-span private wagor
bridge about onc-half mile northwest of Chaffee, Mo. The slope
course was straight and 800 feet in length. Values of n were obtained
for two different conditions of channel, views of which are shown in
Plate 21, Values were obtained for stages ranging from low to bank-
Tul before the growth of willows in the channel, and for two high
stages after the growth of willows was ahout 2 years old.  (For aver-
age cross section and variation in size, see figs. 17, D and 18, D.)

1t will Le scen from Table 8 that the values of # for the cleared and
the uncleared conditions of channel were about 0.030 and 0.070,
respectively. The channel carried 75 per cent more water when
cleared than when uncleared (at depths of 6.4 to 7.6 feet), although
the surface slope was little more than half (55 per cent) as great.
Computations based on the values of n show the capacity to have been
2.3 times as great when the channel was cleared as when obstructed
with the willows. .

It will also be seen from Table 8 that the values of » for the cleared
chanxel increase with an increase in depth of flow, from low to nearly
bankful stage. The higher part of the side slopes was quite irregular
as compared with the lower part, which accounts for the higher
values of n.

’ SALS CREEK ROCE CHANNEL

Discharge measurements on this channel were made frora a log
foothridge about 1 mile west of Ancell. Mo. This channel was
originally excavated by blasting; but its capacity was found to be

i RAMEER, C. E,. and Bartz, H. . THE FLOW OF WATER IN THE MAIN DIVERSION FLOODWAY OF THE
LITTLE IUYER DRAINAGE DISTRICT LN SOUTHEAST MISSOURL 14D, llus. [Washington, D, CJ 1s24. {U.B,
Dept, Agr., Bur. Pub, Roads.) [Mimeographed,]
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_ inadequate, so it was later enlarged by hand labor. (Figs. 17 K and

18, F) The slope was measured along a straight eourse, 161 feet in
length before the channel was enlarged and 250 feet in length after
the improvement was made. The sides of the original channel were
very rough, consisting of the jagged ends of rocks shattered by the
explosives. The sides of the enlnrged channel were comparatively
smooth. (Pl. 23.) The bottom of the channel was quite even and
regular. The originel channel increased in cross secticn rather
gradusily from the upper to the lower end of the slope course, while
i the enfarged channel there were very abrupt variations. (Tigs.
18, E and 18, T.) Some of the irregularities in the enlarged channel
were Jdue to caving in of the rather loose vock after being saturated
by a high stage of water.

Table § shows somewhat larger values of o for the original than
for the enlarged channel. Tt is believed that this difference would
have been greater if the variations in cross-sectional area had not
been larger and more abrupt in the enlarged channel then in the
original, The lower values of n obtained for the three lowest stages
were likely due to the comparafively smooth and even condition of
the chanr.-i hottom.

DISCOUBSTON OF MISSQOURI EXrYERIMENTS

The flood way experiments are the first, to the author's knowledge,
that ever have been made on both eleared and uncleared sectious of o
large flood way so that a direct comparison could be made. The
results should be of considerable value in the design of flood ways
where conditions are expected to be similar, and, with the results of
the later experiments on St. Francis River flood way (Table 7), os
a general guide in the design of most flood ways. However, it is
fuﬁy realized that further investigations are much needed to fur-
nish engineers with more complete data relative to flow in such water-
ways and the effect of removing the trees and brush.

It is believed that the results obtained for diteh No. 1 are represento-
tive of small ditches in the flat lands of southeastern Missouri. The
results show that where the growth of vegetation is rapid and the
diteh is dry for long periods in the sununer, annusl clearing is neces-
sary to keep the diteh in fairly good condition. Iiven where annuai
clenring s to be employed, it is not believed advisable to use a value
of n less than 0.035 In design.

Although the large excavated channel in the dood way is self-main-
taining to the extent of preventing growth of vegetation, its side
slopes are extremely irregular due to rapid erosion and caving of
banks. Tt is not believed that o value of % of less than 0.035 should
be used in the design of a channel subject to such high velocities as
are likely to cause great irregularities in the side slopes.

The results obtained for the two conditinns of the Sals Creck rock
channel are of value for use in the d2sign of similar channels in any
gection of the country.
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TasLE 9.—Resulis of experiments in central Illinors

NATURAL CHANNEL OF EMBARRASS RIVER NEAR CHARLESTON, ILL:

Coefli- | Coefli-

Slope of | cient in |cient of

water formula | rough- Description of channel

surface | Vi=C RS, DESS
C

Aver- i Aver-
Date of obser- age nge

vation surface CTOSS fro | draulic
width section radius

3
g
=
kS
]

CIOBCr =)= 2 G

Apr. 13,1926
Feb. 27,1926
Apr. 10,1926
Sept. 14,1926
Sept. 12,1926
Sept. 9,1026
Oct. . 5,1926

0. 000136
. 000128
. 000128
000128
. 000140
. 000087
000175

Course, straight; 1,000 feet long, Cross section, very little variation in
shape; for variation in size, see fig. 20, A.  Side slopes, somewhat irregular.
Botlom, fairly even and regular. ~ Soil, lower part, light gray silty clay;
upper part; light tan silt loam. Condition, bottom comparatively clean
and smooth, upper part of side slopes covered with large trees; natural
channel. (Pl 24, A and fig. 19, A.)
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LAKE CHANNEL NEAR BEMENT, ILL.,, WINTER AND SPRING CONDITIONS (UNCLEARED)

Mar. 26, 1925

Apr. 29,1924

Apr. 28,1024
o

2 I 0. 000273

£

Course, straight; 816 feet long. Cross section, very little variation in shape;
for variation in size, see fig. 20, B. . Side slopes, fairly regular. Bottom,
uneven and irregular. ~ Soil, lower part, light gray clay; upper part,
yellowish gray clay. Condition, side slopes covered with dense growth
of bushy willows, except near bottom: some small poplar saplings at
intervals along course; one silt bar about middle of course, otherwise
bottom in quite good condition. Constructed, 1885; redredged, 1909.
(Pl. 25, A end fig. 19, B.)
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TABLE 9.~—Results of experiments in central Illinois—Continued
LAKE FORK SPECIAL DREDGED CHANNEL NEAR BEMENT, ILL.,, SUMMER AND FALL CONDITIONS (UNCLEARED)

Aver- Coefli- . | Coeffi-

Aver- Aver- v ?

: Mean Slope of | cientin {ecientof .

sui%:ce clll)nge veloc- dr’zlxﬂ‘lic water ‘| formula | rough- : Description of channel
width ity radius | Surface |[p= CC"/ ‘RS nglss

Date of obser-| 888
maxi-

vation mum

. depth

=
&
5l
g

Sept. 17,1028 0.075 | Condition, about the same as for above measurements, except that growth
. 080 was covered with foliage. This channel was cleared during fall of 1925,
. 085 but there appeared to be as much growth in channel by the fall of 192
. Ogg as previous to clearing. (P1. 25, B.)

o
.093
. 104

. 235,
Sept. 6,1926
Sept. -5,1926 |
8ept. 13,1926
Sept. 10, 1026

310.7
195.2

NERENEN
PBoomeous
OO0
D= W
Srgnpnen e i
RIS
BRIZRREE
WO NI

2EHBRS

—

LAKE FORK SPECIAL DREDGED CHANNEL NEAR BEMENT, ILL., WINTER AND SPRING CONDITIONS (CLEARED)

Jan. 19,1926 L 40. 158.0 . . 3 3 A 0.030 | Conditiori, practically no growth in channel; cleared during fall of 1925,
Feb. 26,1926 3 . 206, 1 . . . . . (30 1. 25, C.)

Apr. 90,1926 i o 332.0 L7 . . ¢ 3 . 032
| Apr. 8,1026 . 5 461.1 3 B . . . . 032

'I4dd 'S ' ‘631 NILETING TYOINHOEL : ()8

WEST BRANCH OF FORK DREDGED CHANNEL NEAR URBANA, ILL., CLEARED COURSE, WINTER AND SPRING CONDITIONS

Course, straight; 480 feet long. Cross section, véry little variation in shape;
for variation in size, see fig. 20, C. Sidc slapes, fairly regular,  Bottom,
quite flat but somewhat irregular in rlaces.- Soff, bottem covered with
stones and gravel; upper part, bowlder clay with oxidized iron.* Condi-
tion, some simall sprouts, hushes and dead grass on side slopes, without
folinge; bottom covered with mossy stenes at lower end of course, but
mostly with gravel at upper end.  Constructed, about 1908 (PL 24, B
and fig, 19, CS

1.84 | 0.000844
. 000898
. 000933
- 001085
000744
. 000958
000854

805.4 ; ) ~000704
1, 402.0 ) ; ) - 000552

8

148. 4
151. 2

May 1,1924
.. 20,1924
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1 Average maximum depth gt bankful stage.




WEST BRANCH OF SALT FORK DREDGED CHANNEL NEAR URBANA, ILL., CLEARED CQOURSE, SUMMER AND FALL CONDITIONS /

Sept. 14,1925
Sept. 28,1928
Aug. 20,1924
Sept. 13, 1925
Oct, 1,1926
Sept. 4,1925
Oct.  2,1928

153.1
226.3
307.3
370.6
468.3
606.1
993.0

»

0.041 | Condition, as above, but with heavy mat of short grass on side slopes and.
036 with folinge on the bushes.
.029
. 036
. 035
. 038
.036
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WEST BRANCH OF SALT FORK DREDGED CHANNEL NEAR URBANA, ILL.,, UNCLEARED COURSE

WMay_ 1,1924
Apr. 26,1924
Sept. 14, 1925
Sept. 28, 1926
Jan. 18,1926
Mar. 20,1925
Feb. - 9,1925
Mar. 29,1924
Sept. 13,1925
M

B

50 | 0. 001118 . Course, straight; 550 feet long. Cvress section, some variation in shape; for
65} .001216 3 L 057 variation in_size, see fig. 20, D. Side slopes, irregular. Bottom, rather
77§ . 000838 2, . irregular. Soil, lower part, probably clay originally but now mixed with
92 |- , 000924 . . a Jarge percentnge of sand; upper part, bowlder clay, quite stony. - Con-
95 | . 001087 . . dition, side slopes covered with rather thick growth of small trees and
01} .001111 . . sprouts of maple, eln, poplar, box elder, and some willow, from 34 inch
09 L . to 8inches in dismeter; no grass; stones on bottom up to 1 foot in diameter;
201 . . . n{c’: %p)preciable silting. Constructed, about 1908. (Pl. 24, C and fig.
. 1 .

y

pw

ORI D et O~ L0 bt 00 riha D 6D T

TSN OO
WH GRS
MBI 1019

GrOTOn Lo s i 00

€D L3 bt e DD Y O 1D

=IO 0
@*@OOOOOONC&WO\I\I%@M
OHNOI—OGWe

POLIRILILS ORI D PO NI IO N I RO 1 i 1t

50
5L
52
53
54
55
56
&7
58
59
60
61
62
63
64
65
66
67

e CI O e £ O O3 0 T e <1 03
DYt £9 08 0o O o 00 g

993.0
1,402.0
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EAST LAKE FORK DREDGED CHANNEL NEAR IVESDALE, ILL., WINTER CONDITIONS, CLEARED

STANNVHO HOVNIVIA NI HHLVM J0- MOTI

Mar. 13,1925 5 3 1.12 . 06 | 0. 000295 3| 0.035 | Course, straight; 800 feet long, Cross section, very little variation in shape;

i for variation in size, sec Figure 20, E.

" Mar. 16,1925 3 8 5 1.62 631 . 000306 7.0 Side slopes, rather irregular. Botlom, uneven and rather irregular. _Soil,
Mar. 14,1925 . A . 1.49 L 24| L 000246 2.0 : lower part, yellowish gray clay; upper part dark-gray silt loam. Condi-

Mar. 19, 1925 3 0. 1.53 .53 | . 000250 1.3 3 tion; dead weeds and stubble on side slopes; channel had been cleared

shortly before March, 1025,  Constructed, 1885; redredged about 1904,

(PL. 26, A and fig, 19, E.)

1 Average marimum @epth at bankful stage.




Tanne 9—7Resulls of experiments in cendral Illinois—Continued
EAST LAKE FORK DREDGED CHANNEL NEAR IVESDALE, ILL., WINTER CONDITIONS, UNCLEARED

: i
Aver- !
Aver- Aver- Mean TR w08
: . 8ge . . o | Mean ' 1 Slopeof | cient in |cient of
Dats.o_(ol)ser maxi- | 288 Dis e i yeloe- |, Y3 | “water | formuln_| rough- Description of channel
ation mum |Surface} ‘charge | cross i ity draulio} o iene e 153 ness
depth | Fidth section | radius ¢ V= %} L

Coeffi- | Coefi-

Nov. 6,1925 3 3 L8 0T A . 000205 . A 0.054 | Condition, dense new growth of willows on right slope in channel, willows
Mar. 20, 1926 L 3 443 S5 TN . : . 068 and box elders on left slope; no folinge at this season.
Feb. 26,1926 . , ug 1! w1 n . . 000 X . 053

EAST LAKE FORK DREDQED CHANNEL NEAR IVESDALE, ILL., FALL CONDITIONS, UNCLEARED

Sept. 7,1926
Sept. 5,1926
Sept. 13,1926
Sept. 11,1926

. 4. 101.6 3 . 0. 000326 . 3 Condition, left side rather steep, showing some tendency to cave; brush
30: 5 A 126, 8 .61 ., . 00027¢ A - larger on side slopes; folinge on all vegetation, (Pl 26, B.)

335 . 162.1 4.2
41.3 . 222.2

LwNem

Chooto ks td

KASEASKIA MUTUAL DREDGED CIIANNEL NEAR BONDVILLE, ILL., LOWER COURSE, WINTER AND SPRING CONDITIONS

Feb. 17,1925 4 20.81 0.73 1,50 | 0. 000527 3 0,054 | Course, nearty straight; 330 feet long. Cross section, somse varintion in

. shape; for varintion in size, see Figure 20, F.
Mar. 16,1925 3.3 19. . 46.1 .90 2,00 [ 000503 X . 052 | Side slopes, irregular. Boftom, irregular. Spil, Jower part, hlack clay;
Feb. 25,1926 6.1 .3 . 114.5 < 88 3.44° 1 . 000367 . 077 upper part, dark-gray silty clay loam, ~ Condition, badly obstructed by
tress 2 to 12 inches in diameter covering side slopes, excopt intervals
agpregating half length of right bank occupied by large weeds and bushy
willows; no_foliage.” Constructed, 1902; cleared, about 1910. (Pl 27, A
and fig. 19, F.)

KASKASKIA MUTUAL DREDGED CHANNEL NEAR BONDVILLE, ILL,, LOWER COURSE, SUMMER CONDITIONS, 1924

EUALTAOINDY JO "IdEA 'S "0 ‘651 NILETINd TVOINHOEL g8

Aug. 8,1024 N N . L0 ¢ 0.95 2,60 | 0, 000501 4. 0.070 | Condition, as described above, but with sumner foliage, and three-fourths
June 6,1024 . .- 4 S0 2,82 . 72 of length of bottom covered with short weads.

do 3 X 3 .89 3,15 | . X o7t
Aug, 21,1922 X . 3 s .90 3,00 3, .
Aug. 20,1924 . . A ] 4.49 | . . . 097
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Sept. 28,1926 L . 48.0 8.8 1 0. 0, 000645 0,007 | Condition, as in suminer of 1924, but worse, (Pl. 27, B.)
Sept. 9,1026 ¢ 1115 A .7 5 . 000388 110 :
Oct. 12,1926 3 3 1223 LA R . 000409 5 L1

do. . . 160.6 L0 4, . 000421 . .109

KASKASKIA MUTUAL DREDGED CHANNEL NEAR BONDVILLE, ILL.,, UPPER COURSE, WINTER AND SPRING CONDITIONS

Feb. .7,1025 3 2 24.6 | 0.89 . 0. 000473 3 0.040 | Course, straight; 330 feet long. Cross seclion, somne variation in shape; for
Mar. 16, 1925 3 3 39.61 115 . 000424 X . 039 variation in size, see Figure 20, G. Side slopes, rather irregular. - Botlom,
Mar. 29,1824 3 27, . 92,81 1,15 3 . 000367 . . 051 rather irregular. Soil, lower part, black clay; upper part, dark-gray silty
Feb. 25,1926 3 3 3 105.7 .05 3. . 000394 . . 067 clay loam, Condition, badly obstructed by trees 1 to 6 inches in diam-
eter on side slopes and edges of ‘bottom; some weeds but practically no
grass; no foliage. Constructed, 1902; cleared, about 1910. (Pl. 27,
and fig. 19, G.)

KASKASKIA MUTUAL DREDGED CHANNEL NEAR BONDVILLE, ILL.,, UPPER COURSE, SUMMER CONDITIONS, 1924

Aug. 24,1024

June 6,1924
do

Aug. 21,1024

Aug. 20,1924

g

STHINNVHD HDVNIVEIA NI HELVM 40 MOTI

0.-000404 3 Condition, as described above, but with summer foliage, and water weed
. 88“8393 . on bottom along one-tenth of course.

. 000427
. 000536

P
G2 Qa3 D
(4 =R T )

1 Average maximum depth at baikful stage.




TasLe 9.—Resulls of experiments in central Illinois—Continued
KASKASKIA MUTUAL DREDGED CHANNEL NEAR BONDVILLE, ILL,, UPPER COURSE, FALL CONDITIONS, 1926

Coefli- | Coeffi-
Slope of | cientin |ecient of o
water formula_! rough- Description of channel

surface 1 V=C/RS ness
c

Aver- | 4 cor. Aver-

Date of ohser- ] age "~ Dis- ge
vation m | surface! charge | cross

depth width section

Mean
veloe-
ity

hy-
dranlic
radius

. g Sq. ft. eC. . :

Sept. 28,1026 . .8 62.0 . . 0. 00049 22.4 . Condition, a5 in summer of 1924, with more vegetation.

Sept. 9, 1026 34. . 3 . 3 . 10.0 101

Oct.  2,1026 8 N 2.3 | . . 4. . 17.3
do 2 9. . . . 17.9

KASKASKIA RIVER DREDGED CHANNEL NEAR SADORUS, ILL;, WINTER AND SPRING CONDITIONS, 1926

0.033 | Course, crooked; 600 feet long. Cross section, considerable variation in
S shape; for variation in size, see fig. 20, . Side slopes, very irregularand

Jan. - 18,1926 . 2 8 249.1 ¢ 130.6 1 1,91 . 0. 000383 §.9
Feb, - 26,1925 .2 5 321.0 | 1605 . 3. - 000485 45.4
Feb. 25,1028 .1 415.6 | 210.0 . 04 1, 000615 43. 4
Apr. 7,192 .6 454.4 1 236.8 | 1.92 . . 000463 42.7

046 gray clay, which is hard, waxy, and slippery at the bottom; upper part,
gray silt lonm. Condition, very yvoung growih and stubble on upper part
of slopes, none on lower part; channel cleared in September, 1925. Con-
structed, 1907; vegetation cut about every 2years. (Pl 26, C and fig 19,H.)

i
i 044 uneven. Boitom, fairly even and regular. Soil, lower part; light bluish
|

KASKASKIA RIVER DREDGED CHANNEL NEAR SADORUS, ILL., SUMMER AND FALL CONDITIONS, 1025

8opt. 14, 1025 : 22.9 47, 3 . 1.62 .6 1 0.023 | Condition, channel eleared just t efora these measurements,
Bept. 13,1925 . . 1 3 . . 2631 . .3 . 030
do . .o 3 . . 2.70 1 . 0002 .3 .020

KASKASKIA RIVER

June 12,1028
Sept. 17,1026
Bept. " 7,1028
8ept, 13,1926
Sept. 6,1026
Sept. 5, 1926
Sept. 11, 1926

0. 000273 53.8 . Condition, left slope covered with weeds, right slope with willows, except
600243 44,4 037 near botlom.

38.7

30,1

35.2

28,9

28.3

£
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TWO MILE SLOUGH DREDGED CHANNEL NEAR SADORUS, ILL, WINTER AND SPRING CONDITIONS

Course, stralght; 360 feot long. Cross section, considerably variation in shape;
for variation in size, see fig. 20, 1. Side slopes, irregular. . Boltom, very
irregular. Soil, lower part, black slippery clay; upper part, gray silty
clay loam, Condition, about 100 feet of course covered with dense growt
of bushy willows, some in bottom; remainder of both slopes covered with
weeds and a scattering growth of willows and poplars 1 to 6 inches in
diameter; no foliage; some silting in bottom. Constructed, rodredged 1905;
cleared, 1921. - (Pl. 28, A and fig. 19, 1.)

—
Lol

. 13,1025
. 19,1928
. 14, 1925
. 25, 1926
. 19,1925

18,1926

7,1926

0. 000558
. 000350

111, 4
158, 7
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L SLOUGH DREDGED CHANNEL NEAR SADORUS, ILL., SUMMER AND FALL CONDITIONS

12, 1925
12,1926
13, 1926
29, 1026
25, 1926
. 11,1928
6,1926

4
54
94
108,
126

bR E=

0. 000525 2 0.079 | Condition, as described above, but with much foliage, and covered for about
L 000461 . %g 40 feet with growth resembling smart weed.- (Pl 27, B.)
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CAMP CREEK DREDGED CHANNEL NEAR SEYMOUR, ILL.,, WINTER CONDITIONS

0.69 . 0. 000519 3 0,055 | Course, straight; 661 feet long. Cross section, very littie variation in shape;
) . 4 3 .85 . . 000474 X . 054 for variation in size, see ﬁ’; 20, J. Side slopes, fairly regular. Bottom,
4l r.Y 3. . A . 85 . - 000481 . 055 uneven and irregular.  Spil, lower part, yellowish gray clay; upper part,

ay L .3 3.8 .93 . 000470 3 .053 light gray silty clay loam. Condition, in 1924, newly cleaned leaving
weeds and stubble on side slopes; in 1928, sides covered with trees and
vines without foliage. Constructed, 1908; cleaned, winter of 1023-24.
(Pl 29, A and fig. 19, I.)

CAMP CREEK DREDGED CHANNEL NEAR SEYMOUR, ILL., SUMMER CONDITIONS, 1024

STANNVHO EDVNIVEA NI HELVM 40 MOTI

136 } June 10,1024 . xS 46.3 68.4 1 0.68 42 1 0. 000455 0.080 | Condition, side slo v i Vi 3 S
E f o g g d 3 pes covered with weeds and a few young bushes in full
%gg }:}}}3 Z’iﬁ%‘; T - 63.9 81.0 79 3 - 000466 5 . 076 leaf; short water growth resembling smart weed on bottom; channei
] 3 A 97.01 1052 .92 . 10| L 000523 3 .079 cleaned in preceding winter. (Pl. 29, B.)

t Average maximum depth at bankful stage




TaBLE 9.—Results of experiments in central Illinois—Continued
OAMP CREEK DREDGED CHANNEL NEAR SEYMOUR, ILL., SUMMER CONDITIONS, 1026

Date of obser-| 35 age
vation surface

Aver- |

width |

Aver-
age
cross
section

Mean
veloe-
ity

Mean
hy-
draulic
radius

Slope of
water
surface

Coefli-
cient in
formula |

V=C+/R§
C

Coefli-

cient of

rough-
ness
n

Description of channel

Sept. 10,1926
Oct.” 2,1928

Sq. ft.
87.9
175.7

Ft, per
sec,
0.69

84

Condition, side slopes covered with heavy growth of poplar trees 2 to 3 inches
in diameter, large willows, and climbing vines; thick growth of water

weed on bottom. (PL. 29, C.)

ERAL DITCH NO. 15 NEAR BEMENT,

ILL., SPRING CONDITIONS, 1825

Mar. 26,1925
Mar. 16, 1925
Mar. 14,1925
Mar. 19,1925

.18
.65
.39
78

0. 000512
. 000384
. 000237
. 000175

Course, straight; 1,000 feet long. Cross section, practically no variation in
shape; for variation in size, see fig, 20, K. Side slopes, quite regular.
Bottom, somewhat irregular. Soil, lower part, slippery gray clay; upper
part, grayish tansilty clay loam. Condition, good; dead weeds practically
gat %1 %i_d)e slopes, - Constructed, 1886; redredged, 1922, (P). 30, A and

g. 19, K.

DITCH NO. 15 NEAR

BEMENT, ILL.,

SPRING CONDITION, 1926

Apr. . 9,1928
Apr. 8,1926

1,03
1,05

2,50
2.92

0. 000476
. 000359

29.9
32.5

0; 056
. 054

Condition, bushy willows and dry weeds on side slopes; no foliags.

LATERAL DITCH

15 NEAR BEMENT, ILL., SUMMER AND FALL CONDITIONS (BEFORE CAT-TAILS WERE WASHED OUT)

June 19,1026
Nov. 10,1925
Sept. . 7,1026
Sept. 6;1926
Sept. 5,1926
Sept. 10,1926

0.143
.131
110
115

117
099

Condition, weeds and willows in full leaf on side slopas; thick growth of cat-
tails on bottom, which died and were washed out of channel about Nov,
15, 1925, and about Sept. 15, 1926, (Pl. 30, A and B.)




LATERAL DITCH NO. 15 NEAR BEMENT, ILL., FALL CONDITIONS (AFTER CAT-TAILS WERE WASHED 0UT)

‘Sept. 17, 1926 3 . 8 30.8 . 0..60 2,331 0. 19.4 1 0.083 | Condition, weeds and bushy willows in full leaf on side slopes; cat-tails had
‘Qect. - 6,1028 s . 8 89,2 3 .64 4.27 1 . 27.1 L6738 died and been washed from channel.
Oct. - 2,1926 . L 2 398.5 5 171 561 . 35.4 . 060

NTAIN HEAD DREDGED CHANNEL NEAR CHAMPAIGN, ILL., WINTER AND SPRING CONDITIONS

Mar. 13,1925 A 16. 3 22.8 . 32 | 0..000625 66.3 { 0.023 | Course, straight; 800 feet long, " Cross section, very little variation in shape;
Feb. 25,1925 3 A 8 3 3 . . 000921 52.5 .030 for variation in size, see fig. 20, L. = Side slopes, irregular. Bottom, slightly
Oct. 2,1926 . 1. . 8. 8 . 5 2,12 | .001308 49.1 .033 irregular.  Soil, upper part, black silty clay loam; lower part, waxy
yellow to gray clay. Condition, dry weeds in channel; no willows or
other trees. Constructed. 1908. (Pl. 31, A and fig. 19, L.)

DREDGED CHANNEL NEAR CHAMPAIGN, ILL.,, SUMMER AND FALL CONDITIONS

Sept. 9,10925 3 . 3 42,01 2.25 .93 | 0.001200 48.8 { 0.034 | Condition, weeds and grass in channel; no trees or large brush. (Pl 31, B.)
Sept. 4,1926 . . 53.8 | 230 3 001339 . 039
Aug.: 20,1924 3 .. 59.3 1 2.53 . . 001385 3.6 .038

TEWART BRANCH DREDGED CHANNEL NEAR CHAMPAIGN, ILL.

Sept.. 30, 1926
Oct, 3,1925
Sept. 13,1925
Sept. 4,1026
Sept. 9,1926

0. 003169 . 0.106 | Course, crooked; 360 feet long. Cross section, considerable variation in
.114 shape; for variation in size, see fig. 20, M. Side slopes, irregular.. Bottom,
.122 very irregular. Soil, lower part, dark gray clay with some sand and
.149 pebbles; upper part, dark gray silty clay loam. Condition, slopes covered
L125 with dense growth of tall weeds, bushes, and wiry grass; oceasional bushy
willows, and trees 6 to 9 inches in diameter; bottom very grassy, except
narrow winding strip.  Constructed, about 1890, - (P1. 28, C and fig. 19, M.).
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NEAR MAYVIEW, ILL.

Sept. 3,1926 . 7. . .60 | 0.001145 7. Course, straight; 400 feet long. Cross section, very little variation in shape
Sept.- 4,1926 . 3 . A . 001258 3 . for variation in size, see fig. 20, N. Side slopes, fairly even and regular.

. DBoltom, rather irregular.  Soil, lower part, gray clay; upper part, crumbly
dark gray silty clay loam, Condition, both side slopes-covered with grass
and dense growth of bushy willows; practicnily no vegetation in bottom.
(PL 381, Cand fig. 10, N.)

1 Average maximum-depth at bankful stage.
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EXPERIMENTS IN CENTRAL ILLINOIS

The experiments in central Ilinois were made on the following
streams: Bmbarrass River, Lialte Fork speeisl ditch, West Branch of
Salt Fork, East Liake Fork, I askaskia mutual ditch, Kaskaskia River,
Two Mile Slough, Camp Creek, latersl ditch No. 15, Fountsin Head,
Stewart Branch, and St. Joseph Township ditch No. 4. The topog-
raphy of the watersheds of these ditches is generally rather flat, but
somewhat rolling in places.

EMBARRASS RIVER

Discharge measurements werc made from a gaging station estab-
lished on the Norih Ashmore steel highway bridge about 4Y miles
northeast of Charleston, IH. This bridge has a clear central span of
380 feet, which allows most of the water to flow between the round
steel piers at cither end of the span. The accurncy of the measure-
ments is affected somewhat by the nearly stationary water at high
stages between the plers and the banks of the stream. The slope
was measured on & straight course 1,000 {cet long below the bridge.

A view of this natural river channel taken in November, 1826, is
shown in Plate 24, A. The botiom and lower side slopes were in
very good condition at the time of making the measurements given
in Table 8. The upper side slopces are covered with trees varying from
6 to 30 inches in dinmeter. Af extremely high stages, limestone
outcroppings are cncountered on both banks. There were no very
large variations in the size of the channel (fig. 20, A); an average cross
seotion is shown in Figure 19, A.

Table § shows not much varistion in the values of » except for the
highest stage. This higher value is attributed to the greater amount
of branches und foliage encountered at this stage. It is believed that
if there were ro growth on the banks, the value of o for this straight
course of the Embarass River would be about 0.025.

LAKE FORE SPECIAL DITCH

Gragings of this ditch werc made from s single-span steel private
bridge about 3 miles cast of Bement, Ill. The slope course was
straight, the upper end being about 300 feet helow the bridge and just
below the outlet of & large tile drain.  Conditions were favorable for
accurate slope and discharge measurements.

Numerous measurements were made on this channel under widely
varying conditions during 1924, 1425, and 1926 . {See measurements
8 to 31 in Table 9.} When the first measurements were made, the
sides of the channel were covered with a very dense growth of bushy
willows and some poplar sprouts. (Pls. 25, A, and 25, B.) The
channel was cleared cut during the fall of 1925 (pl. 25, C), but by the
fall of 1926 the growth in the channel was nbout the same as in 1924,
The willows on the right bank did not cover the slope quite so thor-
oughly as in 1924, but they had been replaced in part by large stalky
weeds which apperently offered about the same resistance to flow.
Except for a silt bar about midway the length of the course, the bottom
was In fairly good condition. Variations in the size of the cross
section along the slope course were small, expecially for medium to
high stages. (Fig. 20, B.} The average cross section is shown In
Figure 19, B. :
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A, Embarengs River, near Charleston, I, looking up slope course, Novembor, 1026; B, West
Braneh of Salt Fork dredigsd clinmel, cenr U rbaig, 10, lonking up clonred stape course, July,
1024, C, West Branch of Snt FPork drdyed ehunwsl, sear Urbngm, 1L, looking down unclenred
slupe course, April, 26 (oo Table 4)
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.C

Eake Fork spocial dredged ehanpel, near Bement, UL A, Leokite g slope eourse, April. 1925,
vegetntion withont folinpe; B, e viesw ns A, shove, in Judy, B2, vepstetion with seaner
folinge; O, samie view as A, whove, in Noverrber, 1925 c!:.ml:t.l Jewd bean clered bask o shord
time previously. {see Table U)
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The megsurements on this channel are grouped under three heads:
(1) Winter and spring conditions for uncleared channel, (2) summer
and fall conditions for uneleared channel, snd (3) winter and spring
conditions for cleared channel. Measurements 12, 13, and 16, made
in June, 1924, are placed with winter and spring conditions because
the water remained so high during the early part of that year that
combplete leafing out of the willows did not occur before these measure-
ments were made.  Measurements 19 and 20, made in October, 1926,
are placed in this group because they were made after a protracted
period of high water in September which stood over the willows unéil
the leaves decayed and fell off; conditions then were similar to what
would be found during the winter season.

Compsrison of the values obtained under summer and fall condi-
tions with those under winter and spring conditions, for similar stages
in the uncleared channel, shows that foliage in the summer and fall
greatly increases the roughness cucfficient n. Comparison of the
discharges, or of the values of the Chezy coeflicient ¢, for similar stages
shows to what extent the discharge capacity of a channel may be
reduced by folinge. Comparison of the values of 7, or of the dis-
charges for the cleared and the uncleared channel, shows also that a
large increase in capacily can be obtained by simply clearing the
channel. The cost of clearing out this channel was insignificent as
compared with the crop losses sustained by the farmers becnuse of
the tardy removal of the excess water after every heavy rain.

WEST BRANCH OF SALT FORK

Gagings were made from the North Broadway Street Bridge in
Urbans, TH.  The slope was measured on a straight cleared course 480
feet long above the bridge, and on a straight uncleared course 550
feet long below the bridge, The section was fairly good for accurate
discharge measurements, but ab times the accurscy was affected to
some extent by floating débris which interfered with current meter
operafions,

A view of the cleared course is shown in Plate 24, B. The average
cross scetion is shown in fMigure 19, . There wore no laree variations
in size along this course for medium to high stages. a?ig. 20, C.)
In Table 9, measurements 32 to 49, it is seen that the values of
obtained for summer and fall conditions are somewhat larger then
those for winter and spring conditions. This difference is due prin-
cipally to the growth of grass in the channel during the early summer.
The cormparatively low value of n obtained in measurement 45 made
in August, 1924, can be cxplained by the fact that the water had
remamed fairly high during the early part of that summer and pre-
vented as luxuriant & growth of grass as developed in 1925 and 1926,

A view of the uncleawred course is shown in Plate 24, C. The
average cross seetion and the variation in cross section are shown in
Figures 19, D and 20, D. Secasonal changes do not scem to have had
any decided ecffect on this course. (Sce measurements 50 to 87 in
Table 9.) Probably this is because the larger growth shaded the
channel so that there was not much grass and weeds in the lower part
or on the side slopes, while most of the foliage on the trees was above
the water for most stnges. At the highest stage, the flow encountered
& greater amount of branches, which doubtless caused the compara-
tively high value thern obtained for n. The condition of the channel
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varied somewhat from time to time, which is helicved to account for the
small differences in values of n obsained for neurly similar stages.  For
instance, measurement 53 was made sfter an extended period of high
water and the comparatively low value of 2 was probably due to the
washing awny of leaves from the small willows and the flushing out of
many obstructions which n lesser floed would not have cislodged.

EAST LARE FORK

Gagings of this channel were made during the years 1925 and 1926,
The highway bridge near the east limits of the town of Ivesdale was
used s » gaging station. Only fairly accurate measurements of
discharge worce obtained, as there was some still water on both sides
of the gaging scetion. The lower end of the slope course was located
about 400 feet above the gaging station in order fo avoid an unde-
sirable curve in the channel. The course was straight, 800 fect In
tength. There was a rather gradual inercase i cross seetional aren
from the lower to the upper end. (Fig. 20, B.)  An average of the
mensured cross scetions is shown in Figure 19, I8

The condition of this channel when the measurements were made
in March, 1925 (Nos. 6 to 71 in Table 8}, is shown in Plate 26, A.
The channel had been cleared during the winter of 192425, and no
new growth had started.  As can be seen in the view, there were dead
weeds and stubble on the side slopes. During the following summer,
a new growth of willows and box clders sprang up in the channel,
\easurements were made after the leaves had fallen off the first
season’s growth, and a decided ineresse in the value of n was ob tained.
(Nos. 72 to 74 in Table 9.) Measurements were made also after two
summers’ growth and before the leaves had fallen off. (Nos. 7510 78
in Table 9) These showed still higher values of = than the second
group of measurements, duc to the dense foliage on the vegetation.
(See Plate 26, B, for view of channel in July, 1927.) On cOmMpAring
measurements 70 and 75, made for the same stage of water, 1t 1s seen
that the discharge was reduced from 152 second-feet in the newly
clesred channel to 64 second-feet only 18 months later, although the
slope was a third greater.

TABKASKIA MUTUAL DITCH

Measurements were made on this ditch during the years 1924, 1925,
and 1926. The discharge was measured at the Iiinois Traction Sys-
tem bridge about 1 mile east of Bondville, Ill, where there was a
very good gaging section. The slope was measured on two fairly
straight courses, each 330 feet long, just below the bridge. There was
very little variation in the cross-scctional areas for medium and
high stages along cither course.  (Figs. 20, F and 20, G.)  An average
eross secbion of the bwo courses in shown in Figure 19, F.

Plate 27 shows two views of the lower eourse, one taken when there
was no foliage on the trees and the other when the trees were in full
leal. The trees consist of willow, boxelder, and poplar. Their dense
follage shaded the channel so theb there was very little undergrowth
such as weeds and grass, except on the right bank for distances aggre-
gating ahout one-half the length of the slope course. In these inter-
vals there were laree stally weeds, together with o few bushy willows.
The bottom Jor aboubt three-fourths the length of the course was
covered during the summer months with 2 water weed resembling the
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ordinary smartweed. (Pl 27, B.) The growth in this channel had
not been clesred out sinee about 1910.

There are no measurements for making really satisfactory com-
parisen of winter and spring ¢onditions with summer and fall con-
ditions, owing to the differences in stages of water. Numbers 81 and
85 (Table 9) give almost the same value for n. Perhaps the increase
in sprouts and branches during the intervening 18 months just com-
pensated, in this instance, for the lack of foliage at the later measure-
ment. Little foliage wes encountered by the water at low stages,
owing to the dense shade and to pasturing, and only s moderate
amount at medium stages, which accounts for the fairly regular
increase in the value of n with the stage of water. Values of n
cbtained in the fall of 1926 are notably higher than those obtained in
1924, showing the effect of two years’ additional growth of vegetation.

The chief difference between the upper and lower slope eourses is
the small amount of water weed in the former. As a result, lower
values of n were obtained in the upper course at the low stages of
water. The tree growth differs onll;' in that the trees in the upper
course are-somewhat smaller and more numerous than in the lower
course. {PL.27,C.} Asonthelower course, the determinstions of the
value of # do not furnish & good comparison of winter and spring comn-
ditions with summer and fall conditions. Nos. 84 and 98 in Table 9
agree much as Nos. 81 and 85 on the lower course, probably for the same
reason. Comparison of Nos. 93 and 97 seems to show the effect of the
emrly summer growth of vegetation. The increase in the values of n
from thesummerof 1924 to 1926 iseven greater than on the lowercourse.

KASKASBKIA RIVER DITCH

The Weabash Railroad bridge three-fourths of a mile west of Sadorus
was used as a gaging station for this ditch. The slope course was
600 feet long and rather crooked and was lecated below the gaging
station. Although the bridge made an angle of about 78° with the
direction of flow, the gaging section was quite satisfactory, and it is
believed that reliable measurements of hoth discharge and slope were
obtained.

A view of the channecl is shown in Plate 28, 0. The AVerage eross
section and the variation in area are shown in Figures 19, H and 20, H,
This channel is generally cleared cut every two years, so there is
practically no large growth in it. It was cleared out in September,
1925, shortly before the first gagings were made. (Nos. 108 to 110
in Table 6.) It will be noted that the values of n obsained for these
first measurements are very low, as would be expected for a newly
cleared channel. Comparison of these values with those obtained
just one year later (Nos. 112 to 117) discloses a noticesble increase
due to one year’s growth of vegetation. The bottom part of the
channel was in good condition, ss vegetetion does not grow on the
steeper parts of the lower side slopes. This condition and the hard
slippery clay in the lower part of the channel are responsible for the
lower values of n obtained at low stages of flow. As the stage in-
creases, more stalky weeds end bushy willows are encountered and the
value of n incresses, s may be seen from messurements 111 to 117,
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A, Fust Lake Pk drerdped dhannet, e Jveslale, W drokdng np slope cunrse,  Apeil, 1925

Hy same vipw ns A, ubete, Bn July, 1087 0, Gshaskin River diedged chiannel, oo Sadorcg
11, Boehing duwn slope catese, May, 2t (Gee Tahle v

»




Technica! Bul. 129, L. 5, Dept. of Agricullure. PLATE 27.

Kaskaskin mntnnl dredged ehannel, near Dowtrille, T A, Looklug up lower slope eoiiese, A pnl,
e 15, swie view us A, above, fn July, By O, loking up uppee shope coucse, april, 15,

3see Tuabbe U}
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A fwo Ml Slongh drelped elanoel, near =aderus, O ooking dewn slope cowese, April, 1025
M, osune view ps A, above, in Oetaber, 1036 0 Stewnrd Bemweh dredped chonoel, neae £ hae-
parigen, DL Looking up shope course, Oetober, 120, (See Talde )
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Comp Creck dyedged ehaonel, near Soymeur, 1 A, Looking upr slepe eonese, Apell, 1R L,
saine view s, abuve, ol D250, same view as A, alunve, inJoly, 1027, (See ‘Mable 0}
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TWO MILW BLOUGH

Gagings of Two Mile Slough were made from the conerete high-
way bridge about 114 miles east of Sadorus. A short distance down-
stream from this bridge a straight slope course 360 feet long was laid
out. Fairly accurate slope and discharge measurements were secured.

Plate 28 shows two views of the.channel, one when there was no
foliage on the vegetation and $he other when the vegetation was in
fullleaf. The average cross section is shown in Tigure 19, I. TFigure
20, I shows that there were rather large varistions in the cross section
at low stages of flow but only moderate variations at medium to high
stages. This channel had not been cleared since 1921 and was in
very bad condition when these measurements were made. At low
stages the thread of the stream wandered from side to side, on account
of siét bars in the channel, some of which were covered with a water
weed.

All the values of n obtalned for thizs course are unusually high.
(Nos. 118 to 131 in Table 9.3 This undoubtedly is due to the bars
and willow growth in the boitom of the channel. In genersl, these
values increase with the stage of water, owing to the increasse in
amount of branches and foliage encountered by the flow. Number
118 is much lower than the others, probably because of the slippery
clay of the ditch bottom and lower part of the side slopes, and because
of the ahsence of weeds at that season. It will be noted, as for other
channels, that the summer and fall measurements gave much higher
values for n than the winter and spring measurements, particularly
at high stages. Unquestionably this is because of folinge conditions.

CAMP CREEE

Gagings of this chennel were made from a private single-span
bridge, » few hundred feet north of the concrete highway sabout
three-fourths of a mile west of Seymour, Ill. The slope course was
straight, 661 feet long, and located just above the bridge. It is
believed that quite aceurate slope and discharge measurements were
obtained. There was very little varintion in the size of the cross
section along the slope course. (Tig. 20, J.) The average cross
section is shown in Figure 19, J.

Three views ol this channel are shown in Plate 2. Its condition
grew steadily worse during the period of the investigations. The
channel was cleared during the winter of 1923—-24, not long before
the first measurements were made i Aprl, 1924, but considerable
growth had sprung up when the summer measurements were made
two months Iater. By the summer of 1926 the bottom of the channel
was covered with a dense growth of water weed and the side slopes
were covered with a thicket of bushy willows, vines, and a few small
poplar trees,

All the measurements under winter conditions were made at lower
stages than any of the summer measurements (Table 9), when there
was no foliage on the vegetation and no water weed in the bottom of
the channel. Therefore the lower values obtained for n were to be
expected. A comparison of the values obtained for » in 1924 and
1926 shows the large effect of the growth of vegetation in the channel.
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LATERAL DITCH WO, 15

The single-span highway bridge about 134 miles directly east of
Bement, Hl., was used as a gaging station. A good gaging section
was obtained here, and, although the bridge made an angle of about
85° with the dircction of flow, 1t is believed that very sccurate dis-
charge measurements were secured. The slope was measured on &
straight course 1,000 feet long, shove the bridge. The shape of the
cross section of the channel (fig. 19, K) was uniform throughout the
length of the slope cowrse; the size varied little except for very low
stages. (Fig. 20, I{)

Three views of this channel are shown in Plate 30. This channel
was redredged in 1922, and since then no vegetation had been cleared
out. Until the spring of 1925 it was still in comparatively good con-
difion; but after that time its condition grew rapidly worse, as
shown by the view teken in July, 1927, During the sammer of 1925,
a dense growth of cat-tails appeared in the channel. They died in
the fall, and most of them were washed away soon after the measure-
ment on November 10 was made.  The growth reappenved in greater
profusion in 1926 and was washed away sbout September 15, before
the last measurements were made. There were very few cat-teils in
this channel in 1927; probably becsuse of the shade from the heavy
growth of willows,

The measurements on this channel are shown as Nos. 141 to 155
in Table 8. Comparatively low values of n were obtained in the
spring of 1925. One year later considerably higher values were
obtained, due to the growth of bushy willows in the chapnel. The
summer and fall measurements, before the cat-tails were washed out,
gave the highest values of n; the offect of the cat-tails in retarding
How may be inferred from a comparison of the last measurements
with those made earlier in September, 1926. In this channel, the
value of n was found generally to increase with o decrease in the
depth of flow, probably because most of the vegetation was in the
lower part of the channel. The soil on the upper side slopes crumbled
and sloughed off, preventing much growth there.

FOUNTAIN HEAD

Measurements of discharge in this channel were made from the
concrete bridge on State Fighwey No. 10, shout 2 miles west of
Champaign, I8, Although the bridge makes an angle of about 8§°
with the direction of flow, it Is believed that fairly accurate gagings
were obtsined. The conditions were most favorable for ascurnie
slope mcasurements, on a straight course 800 foef long above the
bridge. There was a somewhat gradual incresse in. cross-sectional
area for low stages, and a decreese for medium stages, along the slope
course. (Tigs. 19, L and 20,1.) Plate 31 shows two views of the
channel. There were no willows or other trees in this channel, and
the growth of weeds and grass which appesrs on the side slopes during
the summer dries up and is broken off and fushed out during the
winter.

No messurements for high steges were obtained on this channsl.
Water ahways stands to u depth of 1% to 2 feet in $his slope course,
due to & low dam of rocks a short distance below the lower end of
the course. This prevents the growth of vegetation in the bottom
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Laterg! Dilch No. 15, neay Beinent, HL A, Tavking up siope eourse, April, 1425; 13, snma view
#s A, above, inJuly, WH; C, snmo view as A, above, [o July, 1927, {See Table B
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A, Founlain Hexd dradiged elhannel, near Champaign, 1L, loaking np slope course, April, 1925,
B, snme view us A, above, in July, 1824 C, 5t Jezeph Township Ditel: No, §, near Mayview,

1L, lonking down slope cotrrse, October, 1920, {See''able w)
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of the channel, and with the rather slippery, waxy ¢ ay on the bottom
accounts for the low value of n for measurement 156 (Table 9),
made during an extreme low stage of flow. On account of vegeta-
tion in the summer and fall months, higher values of % were obtained
then than during the winter and spring months when there were
only a few dry weeds in the channel.

BTEWART BRANCH

Gagings of this channel were made from a s ecially constructed
footbridge o short distance east of the Nlinois Central Railroad and
about 1 mile north of that railroad’s shops near Champaign, Il
The slope measurements were made on a sEghtly crgoked course of
channel, neer the center of which was a bend of sbout 15°. The
cours¢ was 360 feet in length, located just below the footbridge. It
is believed that quite accurate slope and discharge measurements
were obtamed on this ditch. A view of the channel is shown m
Plate 28, C, taken during October, 1926. This ditch had been
neglected since it was dug about 1890, so it was in very bad eon-
dition. There are rather abrupt and irregular variations in the
cross-sectional area. (Figs. 19, ﬁ and 20, M.)

Mesgsurements were made only for low and medium stages. As
would be expected from the condition of the channel, very high
values of » were obtained. When measurements 162 and 166 were
made (see Table 9), the channel was in somewhat better condition
than at the time of the other three measurements, because the vegeta-
tion had started to decay after being submerged by high water about
September 4, and much of this decayed vegetstion was flushed out
by the high water about September 9.

BT. JOSEPH TOWNSHIP DITCH NO. 4

A specially constructed footbridge was used as a gs.ginf station

on this channel. Tt was located about 200 feet below a arge tile
which discharges into the upper end of this ditch, about 2 miles cast
of Mayview, Ill. The slope course was straight and 400 feet long,
Just below this footbridge. = Satisfactory discherge and slope measure-
ments were obtained. Variations in the cross-sectional srea were
rather abrupt but not very large. (Figs. 19, N and 20, N.)

The channel was in very bed condition, as shown by the view
(pl. 31, C) taken a few weeks after the measurements were made.
A thick growth of bushy willows extended throughout the length of
the course, and there was some grass on the u&per part of the side
slopes. Only two measurements were made (Nos. 167 and 168 in
Table 9), at medium stages and when the growth was in full leaf.
As would be expected, comparatively large values of 2 were obtained.
Without foliage, » would be considerably less for this channel.

DIBCUBEION OF ILLINOIS EXPERIMENTS

The results of these experiments clearly indicate that annual clear-
ing is a necessity in this section of the country and similar flat~prairie
sections. Vegetation springs up rapidly where the soil is very fertile
and the velocity of the water is fow, corditions conducive to the rapid
growth of vegetation from seed. East Lake Fork and Kaskaskia
River ditches are cleared out every two years, but their condition

47184*—20——7
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after one year indicates that clearing every two years is not sufficient
1o keep them in good condition. The channel of the Lake Fork diteh
was cleared during the fall of 1925, and values of # ranging from 0.030
1o 0.032 were obtained during the following winter months, but meas-
urements made during the following September for about similar
stages, after one summer’s growth of vegetation gave values of n
ranging from 0.075 to 0.090. It is possible, however, that if the
ditches were thoroughly cleared out every year the growth would not
reappear as rapidly as when it is cleared only every two years.

nless even more effective methods of meintenance than annual
clearing are employed, it does not seem that the use of a value of »
less than 0.040 would be justified in the design of channels. It is
readily apparent from the results of the experiments that much higher
~values should be used where clearing every two years or less frequently
is the general practice.

VARIATION OF » WITH STAGE IN CHANNEL

The results of these experiments show that generally the valve of
n decreases as the stage increases in channels free from vegetation.
This was pointed out in an article in the Engineering News, February
24, 1916, by R. E. Horton,* as being true for natural river channels
and was attributed to the {act that:

In determining the coefficients of roughness in natural river channels the entire
cross section ns determined by soundings is taken info account, whercas if the
-croes sechion is irregular there may be pockets or holes in the bed of the sfream
.containing slack water at lower stages, so thaf the full area of section is not
effective. Similarly at low stages of a stream there is likely to be more or less
fg.ll that is not effective as slope and that does not contribute to producing veloc-
ity.

While the above is also generally true for dredged channels, yet
these experiments show & great many exceptions, one of which is that
of Mud Creek, where the values of # obtained were practically the
ssme for all stages in the channel, owing to the fact that there was
no appreciable amount of ineffective slope or cross section and practi-
cally no difference in the degree of roughness of the channel for
different stages. (Pl 1, C, and Table 1.) Another exception which
shows the very reverse of the general staternent above is that of
Bogue Phalia dredged channel, where n increased for an increase of
stage. This was due to the exce'lent condition of the lower part of
%ebrlghannel as compared with that of the upper part. (Fl. 3, A, and
"Table 2.)

Vegetation in a channel affects the variation in value of n with stage
in various ways. If the vegetation consists principally of small trees
and tall bushes, # geperally begins increasing at t.ge stage where the
water reaches the spreading branches. The Increase in the value of
7 is greater in the summer when the branches are full of foliage than
in the winter, as illustrated by the results obtained for ditch No. 18
in Arkansas. (Table 7.) Where the vegetation consists of small
growth such as weeds, low bushes, grasses, and short willows that cover
the side slopes to the edge of low water, there is generally not much
«hange in % for a change in stage, as was found for Cummins Lake
diteh in Arkanses. (Table 7.) In some channels that have a fairly
large low-water flow, the lower part of the channel is often free from

tHoxtoN, 2. E. S0ME BETTER EUTTER'S FORMULA COETFICIENTA. Engin. News 75: 373374, 2018
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vegetafion and a lower value of % is found for low than for high stages.
(See results for Kaskaskia River ditch, Table 9.) Lower values of
are alse obtained for low stages in channels where the vegetation
consists of fairly large trees, such as in the channel of Kaskaskis
mutual ditch in Ilinois. (Table 9.) In this instsnce it is believed
that the absence of small growth at low stages was due to the dense
shade afforded by the trees.

MAINTENANCE

The results of these experiments show conclusively that systematic
annual clearing is, as & general rule, indispensable if s drainage ditch
is to be kept In a state of high hydreulic efficiency. Smaell ditches
draining small watersheds require more attention than large ditches
draining large watersheds, and ditches in comparatively flat country,
such as central Ilinois end the Delts of Mississippi and Arkansas,
require more attention than ditches in country with rolling and hilly
topography where the watercourses have greater fall. Large ditches
with hilly watersheds, such as South Forked Deer River at Roberts,
Tenn., and Boyer River at Missouri Valley, Iowa, are generally self-
mainteining because there is nearly always s fairly large low-water
flow which prevents growth on the bottom and the lower part of the
side slopes, and there is generally sufficient erosion and caving to
prevent growth on the upper part of the side slopes. Large ditches
t flat country, such as Bogue Phalia ditch in Mississippi and ditch
No. 43 in Cypress Creek drainage district in Arkansas, do not as a
rule require much maintensnce because there is neerly always a
fairly large low-water flow and, even though the fall is small, the
hydraulic radius is large and there is generally sufficient velocity to
keep the channel in fairly good condition.

1t is the comparatively small ditch in e flat country that requires
most attention. Such ditches often go dry during the summer, and
thus afford & good opportunity for vegetation to spring up from seed
on the bottom of the ditch. The more fertile the soil, the more
repid and rank the growth. As the fall along the ditch is small, the
velocity is unable to produce erosion, but, generally permits the de-
posit of rich silt pregnant with plant seed, which produces growth
at the first opportunity. The smell ditches in the Delta of Arkansas
and Mississippi, and especially the small ditches in central Illinois,
exemplify these conditions. In the latter region, East Lake Fork and
Kaskaskis River ditches are cleared out every two years but are
choked with growth by the end of the first year, while the condition
of Leke Fork ditch less than one year after clearing would seem to
indicate thet even annual removal of brush and weeds might not
keep ditches in this section in satisfactory condition. However, it is
possible that if these ditches were cleared every year, and attention
given to removing or killing the rosts of trees snd large brush, the
new growth would develop more slowly than it does under present;

ractice. .
P APPLICATION OF RESULTS

It is impossible to deseribe with absolute accuracy the conditions
existing in a channel, such as degree of regularity, emount and nature
of obstructions end vegetation, and uniformity of cross section.

Consequently it is mpossible to formulate definite rules to govern
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one in choosing the proper value of = for any particular channel. Tt
is believed that views, together with complete descriptions of chan-
nels for which the values of n have been determined, afford the best
means of arriving at the proper value of # to employ for any partic-
ular channel, This apglhes especially to existing channels where it
is desired to ascertain the capacity.

In order to determine the capacity of a proposed dredged channel
it is necessary to assume anticipated conditions of channel. As is
readily seen from the results of these experiments, values of n for
dredged channels vary greatly, depending principally upon irregu-
larities of side slopes and cross section due to erosion, caving banks,
or faulty construction: upon obstructions and growth in the channe!
due to lack of maintensnce; and, under certzin conditions, upon
the effect of a lining of silt in the channel. In most cases where
erosion takes place in & newly constructed and well-finished dredged
channel, the roughness coeflicient inereases, but the capacity of the
channel as a rule also increases, since the enlarged cross section more
than offsets the effect of the increased roughness coefficient. In
some instances practically no difference in capacity in a newly
dredged channel may result from erosion, after & certain amount of
erosion has taken place, as was found to be the case for the experi-
ments condueted on North Forked Deer River near Trenton, Tenn.
{Table 3}.

CONCIUSIONS

A careful study of the results of these experiments suggests the
following coneclusions:

That 8 deposit of slick, simy silt on the sides and bottom of a
chennel greatly reduces frictional resistance to flow. (See results
for Allen and Willow Creeks in Table 4.)

That the clearing of perennial growth from a channel will greatly
increase its capacity. (See results for Old Town Creelk in Table 1
and Lake Fork special ditch in Table 9.)

That the growth of grass and weeds in a channel during the summer

atly decreases its capacity. (See results of expertments for North
g:rolina in Table 5.)

That the accumulation of drift, trees, logs, and other obstructions
in a channel greatly decreases its capacity. (See results for South
Forked Deer River channel at Campbell’s levee road in Table 3.)

That after o certain amount of erosion has taken place in a channel,
further erpsion does not necessarily increase the roughness of the
perimeter. (See results for North Forked Deer River in Table 3.)

That the roughness coefficient # is nppreeciably higher for a roughly
dredged channel then for a smoothly dredged one. (See results for
the South Forked Deer River at Jackson and Roberts, in Table 3.)

That ordinarily a dredged channel quickly deteriorates in hydraulic
efficiency unless systematically maintained. (See results of experi-
ments in Arkanses and Ilineis in Tables 7 and 9.)

Thot abrupt variations in cross section play an important part
in reducing the hydraulic efficiency of a channel.  (Compare Figures 2,
4,8,9,11, 13, 15, 18, and 20 with values of # in he tables.)
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RECOMMENDATIONS FOR DESIGN

Tabulated values of the roughness coefficient » in Kutter’s formule,
shown in Table 10, are recommended for use in computing the capacity
of drainage channels of the conditions described:

Taere 10.—Vaiuves of n recommended for use in designing drainage ditches

Deseriptlon of channel Erampla

Boyer River at Mlssouri Val-
toy, lowa. (TFablad}

South Forked Deor River at
Roberts, Tenn. (Table 3.)

Large ¢haphel in rolling country, with high veloelty and suflicient
low-water flow te pravent rapld growth of vegetetion; slick silt
lining perimuter; maintenance.’

Large channel in ml]ing country, with sufficiont low-water flow to
pmven:t apid growth of vegefatlon; maderate crosfon; malnte-
HENH.

Larga channol jn Oat connéry, with fairly large low-water flow; no
sppreclable crosion; annual clearing,

Smali channel in roliing country, with small low-water fiow,; crosjon
sufliefent {0 catso soine irmguﬁarmes; msintenzoee. !

Small channel in fist conptry, with insufficiont low-water flow to
pmt:iez;:nl;iapid growih of vegetation in lower part of channel; an-
uoal ¢ n

Bague Phalla ncar Healm,
Niss, (Table2.)

Hugging Creek penr Finger,
Tenn. (Table 3.}

Cammins Lake dltch near
Gonld, Atk, {Table 1)

Ezxcavated channel In Qood-

Largo chnnne{;-\vith hlqh vcipci‘ 'y

| and lmge low-water flow; rapid
erosfen cansiog large Ir s o vegetat

itia

way, Little River Drainega

District, Me. (Tabled.)
Latoral ditch No. 15 near

Bement, L. (Table 8.}

&madl channe! In int country, with very fertile loamy soil conduclva
to rapid growth of vegetatfon; very sinell low.water Bow, or dry
it summer; aniual cleariog.

t By “maintenatce™ is meant that the diteh is to be kept !n good cond!tlon by elearing out growth and
obstructions ss often s found necessary, geuncrally every 2 or 3 yoars.

In computing the capacity of an existing channel the value of »
chosen should, whenever possible, be based upon a comparison of
the conditions in the existing channel with the conditions of channels
for which values of n have been determined. The comparisons are

best made by actual inspections, but when such are impracticable,
good views and careful descriptions of the channels for which the
coefficient. has been determined are next in value, end are more

dependable than any general classification. In designing a new or
improved channel, the condition that will be maintained must be
assumed saccording to local circumstances, and the value of » be
chosen accordingly,
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