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INTROZUCTION AND SUMMARY

Location, scope, and purpose of investigations. During the .summer of

1931, obsarvations were made cn a chute in the South Canal of the Uncompahgre
Project, of the Bureeu of Reclamation, near Montrose, Colorado., These obser-
vations were taken at the zame time that model atudies of the Roulder Dan
Spillwey were heing made on the location. Neasurements were made, (1) to
determine the roughness cnefficient of the canal lining, (2) the location of
the hydraulic jumn at the bottom of the chute for different discharges; (3)
air content in the high-velocity flow, (4) velocity distridution in the chute,
ana downstream from the chute, (5) entrance conditions in the transition
between the earth section of canal and the concrete-lined section at the top
of the chute, and (6) the curve described by free-falling water entering the
chute from the spillway model.

The studies were made to determine the hydrsulic properties of high-
velocity flow and compare these observed results with those obtained by
comronly used methods of computation.

Summary. The Uncompehgre Froject hes heen in operation over twenty
years, and therefore, much maintenance has been necessary. DBetween the sta-
tions observed, meny patches heve been made in the canal lining. For this
reason & uniform grede or cross-section of canal wss not obtaineble and
therefore, the results given have factors in them which could not be esvalu-
ated. #hile the esccurecy wss the besat attainable, the results were not of
laboratory caliber. The hydrezulic principles of the canal were of more

interest then the mathemetice of these principles.




STUDIES IN THE CHUTE

Description of the chute. A profile of the canal is shown in Figure 1,

The cana! converges into a uniform cross-section, and from earth to concrate
at Stetion 107450, and flows on a fairly level grade to the top of the chute
at Station 109400, From Station 109400 to Station 110400 the canal drops
uniforamly, approximately 28% feet. Sixteen feet in slevation is lost in the
next 250 feet of length, and from there on the grade is flat (Figure 24).

The intake for the Boulder Dam Spillway model, at Station 108422, was a turn-
out controlled by two U4B8-inch hand-operated gates. The exit of the model was
at Station 1114975, Here the water dropped 12 feet into the canal (Figure
12¢).

Quantity messurements. A gaging station was eetablishad in the earth

sectiun at Station 106450. Quantities were determined from a recording gage

located aprroximately 1-3/4 miles upstream, A deduction of one percent was

made for losses in this distance. The rating curve shown in Figure 3 was
nlotted from the data obtained.

An accurate profile of the cross-sections, at critical points, was taken
with no flow in the canel. At these critical points the mean elevation of
the water surfece was determined by extending a level rod to the water surface
at one-foot intervals across the canel, and reading the rod with a lavel.
Curves were plotted, using the quantity of flow as the abecissas and eleva-
tions as ordinates, Zxamples of these curves are shown on Figure b,

Roughness coefficients. Values of the roughness coefficient n, in doth

the Kutter-Chezy ané the Manning Formulas, were computed for the following
resches of the canel; Suations 109400 to 110400, 110400 to 112450, 112450 to
113460, 113+60 to 115400, 115400 to 116+00. It was found that small errors

in the eres led to lsrge discrepancies in the velocity heads in such short
reaches, and introduced an error into the computations that made the results
very inconsistent, Accordingly, velues of n were calculated from Station
109400, to points downstream where the water was below critical depth, by using
w-izhted overell average values of the hydraulic radius ané velocity. The error
introduced was negligible. The results obtained are shown on Table 1.
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A - Chute and hydraulic laboratory.

ximately

B. Discherge approximateliy 500 usccond-feot

Uncompahgre Project - South Canel Chute at Station 107450
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TABLE 1

COMPUTZD VALUES OF n AT STATION 109400

Length : : i Velocity : :
Quantity : of : Slove : : in : ! Manning : Kutter
Section : : i Ft. /Sec. : : n : n

150 : 350 : 0.1297 : : 29.31 , : 0129 : 0.0131
200 ; 460 f 0.1016 : i 27.42 : : .0163 : 0.0162
; 460 : 0.1055 : : 28.27 : ; .0176 i 0.0175

600 ; 0.0780 i ; 26.57 ? . i L0177 : 0.0176

600 : 0.0781 ; ; 28.15 ; ; L0174 : 0.0174

600 : 0.0783 ; : 29. 43 5 . f L0173 : 0.0173

700 : 0. 0669 ; : 28.70 f . : 0.0166 f 0.0166

706 ; 0.0670 : : 29.73 ; ; 0.0164 : 0.0165

0.0671 f ; 31.05 : : 0. 0160 ; 0.0162

0.0672 : : 32.28 : : 0.0157 : 0. 0159

0.0673 ; B 33.45 : : 0.0153 g 0. 0155




The values of n obtained ingbbth casee, plotted on !igﬁro 5, vary uni-

[

formly. Flows up to 250 second- ét were not as accurately determined as the

higher flows, and the discrepancfgé for the 150- and 200-second-foot flows are
therefore greater than for the other discharges, The decfeaning'values of n
from the 250-second-foot flow to the higher discharges ie explainable by the
fact that the bottom and the lower portion of the side linings of the canal
were eroded more than the lining higher on the sides (Figures 6A and B end 7C).
The average flow in the canal was around 350 to U400 second-feet, hence the
erosion was lowv in the canal with little or no erosion higher on the aides,
This variation of erosion is further discussed in Appendix I,

The hydraulic jump. The water at the bottom of the chute is above crit-

ical velocity. As it moves downstream the velocity decreases until it finally
arrives at the critical point, where the phenomena, known as the "hydraulic
Jump,® occurs (Figures 7A and B). The principlee of the hydraulic jump are
descridsd by Julian Hinds in Engineering News-Record, Volume 85, No. 22, Nov-
ember 25, 1920, Page 1034. Mr. Hinds arrives at his conclusions by the lawe
of conservation of energy and of linear momentum (Appendix II), Observations
wore made to détermine the location of the jump for different discharges. The
location of the jump was plottad ageinst discharge and a very complets curve
esteblished (Pigure 8). In this figure ¢ series of points, running nearly
parallel to the curve established, shows the jump as being upstream from the
plotted curve. Thesse points represent observations taken after the water had
bean at & very low discharge for & considerable time and then raised {0 a
higher discharge. During the perlod of lov discharge an algae growth appeared
on the lining above the water line. This growth probadly influenced the veloo-
1ty of the water %0 a considerable extent when it was agein raised to the
higher discharges,

By veaing the equation established dy Mr. Hinds,f% Vl-F Pl = % Vg‘# Pg.
ths theoretical position of the jump may be computed. Several unknown fac-
tors are encountered at this ﬁoint. The first is the selectiorn of the correct

value of V at the entrance of ‘the jump. The average velocity at the cross-
saction may not be abeolutely correct. On the other hand it ie not practical
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Figure 7

hydraulic Jup; - Flow approximately
second-feet.

M 20310

B - The Hydraulic Jump T - Eruclon und Algae near station 113400
Flow spproximately 500 secoad-feet.

Uncompahgre Project - South Cunal Chute .t Station 107450
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to maxe an infinite number of velocity measurements et a particular section.
Since the purpose in computing the location of the jump. was as & rough check
upon the asdaptabdility of the formula, the mesn velocity entering end leaving
the jump was used. This velocity was obtained by computing a backwater curve
for the flow, both above and balow critical velocity. The curves were com-
vuted from the closest gaging station to a point beyond the location of the
Jump. The values of V were computed from the formulas, Q = AV, Table 2 shows
the computations for the location of the jump. Since the actusl jump covers
considerable length of canal, it 1s questionable as to what point on the Jjump
the established point represents. For eese in observation and uniformity
thie point was considerad as the high point of the Jjump, or e point from two
to three feat downstream from the central point, formed due to the higher
velocity of the entering jet in the center of the canal. The observed lo-
cation and the computed location of the jump check very closely (Figure 1),
Therefore it may be mafely concluded that for an established value of n, the
location of the hydreulic jump in an open channel may be computed within
practical limits of accursecy.

Alr content in flow., Observations were made to deteramine the amount of

air sntreined in the water es it flowed down the chute. Two methods were
employed. The first wes tc establish the velocity by the method of @ = AV

and the second was by the use ¢f an air-content measuring device designed by
Mr. D. C. McConaughy of the Denver Office of the Bureau of Reclamation. The
McConeughy device works on the principle of measuring the amount of air left
in en air-tight tank by & given amount of water passing through the tank. The
entsring air-water mixture came from the cenal through a pitot entrance and
entered the top of the tank. The water exit was at the bottom. The water
settled in the tank and left all entrained air within. The first method con-
sisted of finding V by the crosc-section method and checking this velocity by

pitot tube measurement (Figure 9). Pitot tube observations made at Station
10400 checked the velucities obteined by the cross-section mathod. In both

cases no appreciable eir content was noted. However, in coming down the chute
there was & froth on top of the jet which apneared to be entrained air.
(Appendix I and Figure 2,band C).
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Figure 9

A - The Pitot Tube Setup

B - Pitot Tube at Station 110 £ 00

Uncompahgre Project South Canal Chute at Station 107 /£ 50




Valoecity distribution. Observations were made to determine %he cross-

sectional and surface distribution of the velocities in the shooting and
streaming jets. The cross-section distridbution in the shooting Jet was deter-
mined by pitot tube observations end in the streaming jet by current meter,
The surface distribution was accomplished by timing wood floats for a 50-foot
distance. These results are plotted in Figures 10 and 11, The velocities are
very even after leaving the junp. This shows that the jump not only dissipates

energy but 1s a means of equalizing the energy in various parts of‘the Jet.

OTHER STUDIES

Flow conditions in the transition section. There 1s a very distinct

drawdown of the water eurface at the entrance to the concrete lining (Figure
12A). Studies were made at the entrence, for the determination of entrance
coefficients. Table 3 lists coefficienta of velocity found by assuming the
control point to be at the bottom of the drawdown curve, at Station 107+57§,
end also assuming the control to be at Station 108+22, fer enough downstream
to be beyond the influence of the drawdown., These are plotted on Figure 13.
The coefficients at Station 107*57% were 10 percent greater than those at
Station 108422, This indicates a loss of head between the two stations far in
excess of normel conditions. As the water comes out of the drawdown there is
g conversion of velocity head to elevation head which resembles a hydraulic
Jump. This is not & true jump because the entrance jet is above critical depth,
but the phenomena evidently causes & loss of head in the regalning of the ele-
vation head,

Table 4 shows the results obtained when computations were made to deter-
mine the back pressure at the control point caused by the centrifugal force of
the water, The effect is negligible in this case, and no further study was
meds in this connection,

Path of Jet lesving model. The return of the water from the Boulder Dam
Spillwvay model to the cenal is shown in Figure 12C. It was desired to measure
the path of this jet and to esteblish its equation. This was done by assuming
the bottom of the return tunnel as the X axis end the vertical lime through

the end of the tunnel as the ¥ axis. Coordinates were then measured as shown
in Figure 1{7. These values are plotted and the equation of the curve estabd-
lished in Figure 14, The quantity used for the test was 112 second-feet which
represented the maximum diacharge over the spillway.

5
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TABLE 3

COEFFICIENTS OF VELOCITY AT ERTRANCE TO CANAL LINING
CONTEOL POINT AT STATION 1074574

1 k2 3 ¢ M T #5 : $b  #1 ' ¥ : #9 i $10 :  $11
Quantity:Elevation: Area :Vel. at:Elevation: Area iVel.at: :Dropfrom gage ¢ Total :Computed:

in at ¢ at :107+57%: at t  at : Gage Volocity to 10T+57% : Head :Velocity:
Sec. Ft.:107+57% :1o7+57§:v = Q/A: Gege : Gage :V =Q/k Head 5 - & :#9 + $8:107457% :

651 : 6399.27 ; 4g, 8 : 13,34 , 6402. 08 : 316,02 ; 2.06 ; .06 : 2.8 : 2.876 ; 13.59 :
560 i 6399. 03 : 46,1 : 12,15 : 6401, Ul : 275.92 : 2.03 : . 0Bl : 2. : 2.u74 ; 12.61 :
505 ; 6398.73 ; 42,4 ; 11.91 ; 6401.00 : 251.00 : 2.01 i .063 : 2.27 f 2.333 ; 12.24 :
f 6398.u8 f 39.7 : 11,33 : 6400.50 ; 223.20 : 2.02 : .057 i 2.02 : 2.077 f 11.55 :
; £397.65 f 30. 8 ; 12.18 ; 6399. 75 ; 198.67 ? 1.89 ; . 056 ; 2.10 ; .156 % 11.76 ;

: 6397.56 : 29.8 3 11.7% : 6399.45 : 183.31 : 1.91 ¢ .056 ¢  1.89 ¢ 1.94 : 11.18 :
Control Point at Station 107457&
s 6U00.37 : 71.5 : 9.07 & 602,08 : 316.02 : 2, 06 i .066 1.1 : 1. 10.68 :

: 600,03 ¢ 57.0 : 8.26 ¢ 6YOL.LL 1 275.92 & 2. 03 064+ 1M1 ¢ 1.uTM % 9.64
: 6399. T4 : 63.0 : 8.02 i 6401.00 : 251.00 : 2, 01 .063 i 1.26 ; . E 9. 22 ?
¢ 6399.31 : 0 ; 7.90 : 6400, 50 3 223,20 : 2.02 s .063 f 1.19 g . % 8.98 %
: 6398.67 ; k9.0 ; 7.65 ; 6399.85 : 198.67 ; 1.89 ; .056 % 1.08 E . : 8.55 :

: 6398. 4L ; 46.5 7.86 ; 6399.45 : 183.31 ; 1.91 ; . : 1.01 : 1, : 8.29:
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TABLE 4
COMPUTATIOR OF QUANTITY AT STATION 107+57%
Considering Pressure Due to Centrifugal Force at Entrance

OBSERVED QUANTITY = 651 C.F.S.

Increment : Mean :Mean Effec- : Mean : Area
Bumber : :Retarding: tive Head :Velocity: of in-
V2eh

From W. S. : : Head :2.876-M.R.H.:V = \/2zh: crement:

. . .
. . . .

: 0.065 : 2.811 : 13.4k ¢ 6.4
: 0.233 ; 2.643 : 13.04 : 11.6
0. 392 f 2. gL ; 12.64 ; 9.5
0. 488 % 2. 388 : 12.39 E 6.9

0.5%2 : 2.324 : 12,23 : 7.2

0.582 : 2.294 :o12.14 0 7.2

Total Qrantity
632.6

K = S Observed

~ Q Completed

éé%ié = .97k
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Recent Studies on Flow Conditions

in Steep Chutes

Studies made in connection with the design of the spill-
wiy of Cle Elum Dam and the tunnels of Boulder Dam have
hclpcd to clear up some of the uncertainties in connee-

ton with flow condidons in steep chanaels and spillways

By E. W. Lanc
Protessar of Hydrauhe Enginesring,
Unrveraty of towa, lowa City, lowy,
Former'y Keswareh Bnginece, UV, N, Hurean o
Rertamiaqlinn

ORE EFFICIENT DESIGNS
M for steep chutes are now possible

as i restlt of the studies made
by the U S, Bureau of Reclanution in
comnection with the design of irrigation
water chutes amld the spillways of some
of ats dams. In the following article
the meet important of the facts learned
in those ~unlies are set torth,

The formation of a boundary layer

A~ the water starts down the steep
sectiont of i chute the porton of it
which is not ¢lose to the bottom or sides
i rapidiy accelerated and soon attains
a high veloeity, There is a narrow zone
on the bottom and at the sides, however,
in which the velocity adiacent to the
walls and floor is zero and that at the
outside of the zone reaches that of the
cenwer section. In this narrow boundary
layer there is therefore a rapid increase
in velocity with increasine  distance
from the side walls, or in other words,
there iv a high velocity gradient. In
the side strips the tlow is very turbulent
and air is entraired, giving the water a
wiite appeartnce, as shown in Fig, 1,
winclhi ¥ iures the conditions in a steep
chute on the Uncompahgre irrigation
project in Colorado. There is a similar
zone in contact with the bottom, but it
is not as apparent since it is not in con-
tact with the atmosphere, and air is
therefore not entrained.  This boundary
layer, both on the bottom and sides, is
narrow at the top of the chute but
widens as the water flows down, as
shown in Fig. 1. The water in the
central swiit-flowing portion has a rela-
tively smooth surface, and the accelera-
tion resulting from moving down the
chute is reduced but little by the effect
of friction on the sides. This central
portion hecomes narrower and thinner
as the boundary layer increases in thick-
ness, amd if the chute is long enongh a
paint i3 reached where the velocity
throughout the entire cross-section i<
considerably retarded by side friction,
When this point is reached the suriace
hecomes rougrh, since the turbulent zone
has cxtended through to the water
surface.

In Lo ehuates, changes of wradhent
frequently  ocenr. These are usnally
formed with convex or concave vertical
curve-.  Convex vertieal curves nust
not be made sharper than the trajectory
which the moving water would have in
fallinge under the action of gravity, 1f
the flume bottom s steeper, the tlow.
ing water will not follow the bottom
it will leave it and rise possibly cven
above the tops of the side walls, In
determimng the shape of the trajectory
for any case it is not smfficient to use
the mean velocity, with a friction foss
computed by one of the well-known
velocity formulas, since cach particle
will tendd to take a trajectory depending
upon its individual velocity, and some of
the particles will have a greater velocity
and therefore will assume a flatter tra-
jectory than the mean velocity would
imdicate. Since  the higher velocities
ocenr near the surface, these particles
will be the anes with the flattest trajee-
tory, and there will be few particles
above them to prevent them irom follow-
ing their natural courses,  Because the
water near the surface. especially near
the upper end of the chute, is retarded
little by friction in the boundary layer,
as previously cxplained, it will have a
velocity nearly equal to that due to its
total fall.  To be sure that the flowing
water will follow convex vertical curves,
it 15 desirable that chutes be designed to
be as tlat or tlatter than the trajectory
of a projectile with an initial direction
of that of the flume above the curve, and
a velocity equal to that which would be
produced by the total fall down to that
point. In some cases, however, this
may prove very expensive, and some-
what sharper curves have been used, as
will be explained later.

When the vertical curve is concave,
a double spiral motion ix set up. similar
to that which takes place in bends in an
enclosed channel. This is caused by the
centrifugal foree, as shown in Fig. 3,
which represents the pressures set up by
a concave vertical curve ina rectangular
flume,  The depth of the water at the
sides and center of the channel approach-
ing the bend beine the same, the pres-
sures due to the weight of the water,
represented by the arcas oo and CC
are cqual.  As the water tlows around
the concave bend the centritugal force
of the wiater sets up a pressure, repre-

FIG. 1—A STFEP CHUTE on the Uncom-
pahgre irrigation project well shows how
turbulent How develops along the side walls.

FIG. 2--DIAMOND-SHAPED FIGURES
2re formed by the higher waves that de-
velop on the surface of Humes where the
sides converge, as shown in the upper pic.
ture of 2 model of the spillway of Cle Elum
Dam. By using 2 tume with texible sides
(luwer picture) it was fouad possible to
develop a transition section in which the
tlow, though still producing 3 complex
wave pzttern, produced no high waves. The
shape of the contracting part of the flume
exerts the greatest influence on the patterns.

sented by B8 and DD, The radius of
curvature causing these forces is the
same at the center and sides of the
flume, but the velocity is greater at the
center, thus giving rise to greater
cemtrifugal-force pressures at the center
of the flume and a resultant centrifugal-
force effect acting toward the sides.
This pressure, being greater near the
bottan, gives rise to a double spiral mo-
tion, as shown in the lower drawing,
Fig. 3. This motion was very prominent
at the concave curve in the chute of
Fig. 1. as shown by the rapid movement
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* of the whinte water trom the sules aeross
the surface in the thune below the bendd,

Effects of non-uniform width

If the chute or trough is not of uni-
form width, a peculiar wave action is
apt 1o result,  Fig, 2 shows the condi-
tons occurring i a model of the pre-
Himinary design of the spillway of the
Cle Elum Dam in Washington,  Similar
diamond-shaped figures have been ob-
served in a number of full-sized struc-
tures. It appeared as though a stream
of water, of a depth  considerably
greater than the average in the flume,
was deflected by ecach side of the con-
verging scction and moved across the
flume to the opposite side, where it im-
pinged on the wall and was deflected
back, at the center of the thnme meeting
and passing through the similar stream
detlected irom the opposite side,  The
introduction of coloring matter into the
water flowing down this tlume, however,
immediately demonstrated that the water
itsell flowed nearly dircetly down the
channel, and did not follow the apparent
direction at all.  This proved that these
ridges were not currents but merely
waves that moved across the channel,
‘The diagonal direction of the wave wax
due to the longitudinal movement of the
water in the flume. The direction was
the resultant of the motion of the wave
across the flume and the movement
along the flume of the witer through
which the wave was traveling. A\ comi-
parison was made of the direction of
the ripples observed in a Mlume of uni-
form width and these computed on
this basis. The cross waves were as-
«mmed to move at right angles to the
sides of the flume at the wave velocity

\' gd, where d is the depth of the water.
For depths of about 0.1 it. or less the
wave velocities scemed o be somewhat
less than computed by the formmla, but
ior depths of about 0.2 f1. or more the
law seemed to hold.

The study of this wiave motion was
not sufficiently comprehensive to enable
« complete analysis of the phenomena
v e made from which a <atistactory
“hape of spillway with decreasing width
voull be computed, but by means of a
model with flexible side~ such o <hape
was worked outs 1t had i <ection con-
tracting frons 200 to 100 §r width, and
expanding 1o 2000 {1 wilth again at the
lower emd. i1t the wave pattern was
complex, but gave no high waves at any
paint, a~ shown in the lower photo.
craph, Fie. 2. Tt was {found that the
Jiape of the contracting part of the
thume exerted a great intluence on the
wave patterns set up, but the shape of
the expanding section had little effect.

In the desizn of chutes, and in fact,
in all <ructures in o which the witer
moves at bess than eritical depth, it
Jwosld b rememlered that changes in
the horizantal direction of flew are apt
tor be difficult o make, and therefnre
JIﬂllM be lt\'l;!‘l'fl if ]~'~«~ihh'.
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FIC, 3—CENTRIFUGAL FORCES at seru-

cal cutves set up preswures, as shown dia.

wrammatcically in the upper line, that result

in a douhle spitil motion, as indicated in
the lower line,
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Profile of Flows
Below Chute

a3

Pins conegption exphans why  water
v at ereater than eriticad vedocny
i~ so hard to controls s abso o vadue
abde aid s visnalizing the reason for
many other phenomena of fast-moving
w.ater in channels—for example, why
the level af the water helow & section
of a flume in which the velocity s
creater than the eritical has no effect
wpon Hlow comlitions above the critival
veloeity section,

Friction losses at high velocities

Data on friction losses in open chane
nels at high velocity are scarce, and
there 15 considerable  difference  of
opinion regarding  such losses.  The
problem is complicated by the inclusion
of air in the flowing water, which gives

Q‘\ Profiie of Ditch Between S?‘ahonr. Studing
Al [

)

Flow of 650 Sec-

Q& "

e,

LSO QAL

FIG. 4—=SECTIONS OF A CHUTE on the Uncompahgte irrigation project used in
the study of friction losses at hugh svelodities,

should never be made unless model tests
have proved that the destred resulic will
be secured. Where the depths are
vreater than the critical, changes of
direction can be made with comparative
case. This is most easily visualized by
a conception that 18 frequently brought
out in European literature but does not
~eent to have been largely used in this
country.  The eritical depth of water
Howing tn a rectangular channel 1< re-
Lited 1o velocity of tlow by the formula
"= v gd The velocity of the wave
motion o the channel alen [0 - 7 gl
[f, " 2 stream of water tonvane at g
velocity greater than the andd
the fore at a velocity than
v ogd. an ohstruction i< pliced in A
manner  that would canse o0 wave
move up the stream, this wine can move
upstream with respect to e thowing

tritieal
wreiter

water at a velocity of nnbv 7 d, which
i~ dess than the doswnstream neatwon of
the witer,
]l.'l\l‘

and therefore the wave ean

nevet acnet nuevement upstreant,

rise to the condition where Q s ot
equal to 17,41 A s the measured water
eross-section, including the air.  In in-
vestigating this subject for the design
of the tunnel of the Boulder Dam, ob-
servattons were made  on the  tlow
through a chute on the Uneompahigre
irrication projeet i Colorado, The
proile of this stracture i+ shown on
Fig. b The discharge was taken from
a o oratinge curve based upon a0 large
number of current-meter meitsurements,
Witer-surface clevations were measnred
Ly omeaits of a point gace, the average
clevatien of abont ten paints across the
it taee beine tihen as the wean for the
~ection, Ohservitions of water ~urface
clevations for about 20 difierent
charges were made at 4 namber of sta-
tons alone the thime, and an clevation-
discharee curve was constructed  for
each ctation, A curve of the position of
the pump vs the diseliarge was also
plotted. From these data the profiles
for variones discluorzees i the flume were
plotted, and the values of  ronghness

his-
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FIG. S—ROUGHNESS VALUES for the

1emes section of the Uncompahgre flume as

determined by the Manning and Kutter
furrmulas,

and Man-
The

« were computed by the Kutter
dng formulas as shown on Figel 3,

- HYD® ()

“flume i above the critical. An attempt
o was made to compute the roughness
values  for short  sections, but  the
velocity-head errors involved in a slight
inaccuracy of the observation of the
water-surface levels were <o zreat that
reliable values of friction loss for chort
sections could not Dbe secured.  The
vilues represented in the figure were
determined from as great a length as
possible, ranging from 350 to 700 f{t
The roughness values are not noticeably
different from those that would be ex-
pected for flows at low velocity or suh-
critical velocity.  The bottom of the
flume was of meditim smooth concrete.
The side walls near the bottom were
roughened by frost action and prowth
of mess, but higher up they were
smoother.  This accounts for the rough-
e ness values shown on Fig, 3, starting at
Co] Jpproximately 0,013, increasizy to a
c maximum about 0.0177 and then de-
creasing o about 00154, the di~-
charge increased.

It seerms to be generally agread that
where the area of tlow of the combined
atrand water i< used in the computi-
tions the friction coeflicients will be sub-
“tantially the same at high velocities as

low velocities.  However, the actnal
velocities of the water particles are
greater than those computed on this
hasis by an amount equal to the per cent
of entrained air.  In computing the tra-
jectaries for the dJdesien of  vertical
. curves, if the u~e of full theoretical

HE

ot

Favisvibiise News Recorn, [asvaa

elocity of flow in this portion of the |

velocsty op total drop i+ impracticai, the
w-ad chendd Le higher than
ba-ed upon the ordimary friction
vienes, s desienmg the chutes of the
Pravin of Ko chomation it has heon cus-
tonary oo use Kutter's N oof D014 o
computing the depth of flow of the water
including the wor and an N of 0,008 for
compnting the velacities used in deter-
witing the tagjectories limiting vertical
viirve - and the enterine velocitios of
st pewda,
It ha< been
greater  than

Sedecptie

it

argued that water at
critical  velocity  should
show o different friction loss than at
suberitical velucity because under the
former condition the velocity is uniform
throughout the flowing stream.  There
<eems 10 be no goad hasis, however, {or
believing that the veloeity is the same
thronghout the stream when fowing a
ureater than critical velocity, It scems
probable that this idea originated be-
canse  cqual  velocity distribution -
usually found with supereritical velocity,
since channels are rare in which super-
critical velocity continues for a lony
enoush distance to cause the formation
of the unequal velacity distribution that
ocenrs in most channels with the ordi-
nary velocity conditionz, Measurement
b pitot tube and float in the Uncom-
pahere diteh (Fig. 6) showed that as
the water procecded down the ditch the
velaeity distribution hecame more un-
even, reaching a distribution closely re-
~embling that ebzerved in rouch pipes.

The observations on this ditch gave

"an unusual opportunity to check the ac-

curacy of computations, giving the lo-
cation of the hydraulic jump by the
method described by Julian Hinds in his
paper on “The Hydraulic Jump and
Critical Depth in the Design of Hy-
draulic Structures,” ENR, Nov. 23,
1020, p. 1034,

The results for three discharges are
viven in Fig. 4. For discharges of 230

iy 2, 1936
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116G, 0—DENTRIBUTION OF VELOCETIES
i o shootng jee, as determined by meas-
urements made in the Uncompahgre chute.

and 630 wec.-ft, the agreement was rea-
sonably close but was not so goud for
40 sce-ft, The reason for this Jif-
ference in accuracy is not apparent,
The conditions in the chute were par-
ticularly uniavorable to accurate deter-
mination, however, cince the location of
the jump was controlled largely by the
uncertain factoer of friction, Under such
conditions too much dependence should
it be placed on computed positions.
IFor conditions where there is a con-
siderable change in chanmnel section or
clevation, the position of the jump can
1o doubt be computed with considerable
accuracy,

The experiments on this flume were
made by G. C. Wright, assistant engi-
neer, miler the direction of the writer.
The designing of all canal structures of
the Burcau of Reclamation is under the
direction of H. R. McBirney, senior
engincer.  All designing and research
are under J. L., Savage, chief design-
ing engineer, and R, Walter. chief
engineer, Denver, and all activities of
the bureau are under the direction of
Elwood Mead. commissioner, \Waching-
ton, D. C.

Cement Industry Employment Increased Under PWA

ORE THAN 70,000,000 man-hours
of employment have heen created
since Avcust, 1933, and over $130,000.-
000 of the amount puid for the produc-
ine and handling of cement used on
public-work< projects went as wages,
aveording oo o report issued by the
DBurcan of  Labor Statisties. These
Neres e medivect Libor and do not
awhude work developed i placing con-
crete o the construction site.
The study i~ the second of o
theet the bureast = conducting in an effort
to secure acvnriate measttiies of jndivect
craplovment. Reports made by contrae-
tors to the Department of Labor show
that 62000000 harrels of cement were
required for use i the first PWA pro-
wram up to October, 1035,

!.‘ "

eries

Preaking down the figures further,
the report shows that an average of 1.26
man-hours of labor i~ required for cach
barrel of  portland  cement  produced.
Transportation of the cement 1o the
cotstruction site aceounts for the larger
share of Iabor tequirements, involviug
0.303 man-lours per bareel, while the

manuiacturing  process  requires (1,300
man-hours  for cach hitrrel  produced,
The remannng 0074 man-hours ave

crodited to adnministration and selling.
This is held to be only a partial picture
of the increase in emplovment that waes

Prought about by the demands for
cement on PWA prnimrh. because cach
Larrel of  cement produced  invelved

0283 man-hours of employment produc-
g and transporting raw materials.
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The Hydraulic Jump and Critical Depth in the Design
of Hydraulic Structures

How Established Principles May Be Applied to the Design of Canals and Other Works—\ Study
Baxed on the Laws of Conservation of Energy and of Linear Momentum
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which must hold i oo change v depth occurs unider the
thtbience of the extermd foras 0 and 10 only

The momentun curve in el geves vilues
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Tor various valies of o0 Phe alocissae are the sume s
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Foropeiven depth there 15 alwiuya
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usedd for the energy curve and values « I ure

shown o the pight,

ohe other depth having an eqnal value of I,
this point ialing in all cuses bevord the critical depth.
Theretore, for any depth of ow there is alwavs another
depth which we will call the alternative momentum
~tagie, 1o which the Now may chinge without the inter-
vention of an external foree. Such @ change, however,
requires oo change i the enerey of tlowe,

Smee for aogiven charge in depth the change in

d 4+l is not propoartional to the chunge in fjl' -

it follows thut o change in depth cinnat oceur without
th - ntroduction of some factor to preserve a bulinee
A chanye betwesn alternative energy tages without
loms iy be effeeted by the application of an external
force only, and o hanee hetween alternative momentum
~Hgres may be aceomplishied by s change 10 energey anjy.,
AL other changes o depth, involving o change in
sedocity, require both an external foree and u change
U ehersey,
There are

viizinee an

numerous
stagre an oo

Cilllnes
canid,

which mu: produce
but if the channel
of uniform crossesection and rougnness, an:
frevo trom obstructions, ehangres in stigre are generally
vanired by chanyes i pradse,
will b mude o

~traneht,

An anaysis ¢ o sunple
where changes muay e
Let Fue 5 he the protile of o canad of um-
It the slopes to the feft of K
and to the right of N obe suttivient to matntain fiow o
vormal depth~, o and dl respectively, both preater
thies the ermtiead deprh, the slope between K oand N
ety sutlicient 1o manetian o normal depth, d
than the entiead.

UVt~ ¢ shn\\
eNprected,

form eross-section,

oo less
Let 7 e sutlicient distance upatream
froms A net to be stbectod Be the “drawdown,” and let
Mobe saliewently far below A for uniform How to be
ealabliabied, Flow ot £ owill be ut hgh stagre while at M
itowil] low stigre. Somewhere between 1t must
pas~ througrh the ortieal depth,

Betore procvedine to Jocate the point of pissage
with B well toanvestigate e properties of the “energs
pradient™  shown the profile. This gradiont  1s
deternined by plotting the veloeity pead above the
waler surfice ot wll point<r A o ptven point the total
cnerges, o, the sunt of the statne sond Kinetie eneryles,
i~ represented b the elevation of this lines It follows
Yrom BDerneull’< theorem that the fudl in this geradient
Letween any two posits represents the sum of all Josse
occurrty between the twe poants. The slope of this
hine at ans point represents the =lope required to over
tome fratiom and other that point,  The
can abiolute elevatiae
i the dhivection of dow, sinee there can be to inereise

te it

(L

Tusse~ at

:
1 e ey Uise 1

LA PR RS 5\ ','l'-l(il"l.

o eterys . The distanoe from ane point on the enery
yradient verticadl dowrscard to the bottom of the canat
It owill be clear trom Figeo 2 that there
Gl vares e Dwnowater depths correspomdinge e

T

will
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any possible energy peadient. 1t s also evident tha
the enerpy evadient cannot be brought to within Joa
than & vertain mmmum distanee from the hottorn: of
the canal, the 1wo correspondime depths becominge cagal
at that pomt. The pradient will geverally be o con.
tinuous lne and can mabe an abrupt chamee i hoeht
or slope only where a sadden loss veeurs. An example
of sudden loss, caused by an abrupt change in stape,
> shown at 0 Figo 5 So-called sudden vhanges
open channels are actually moere or less extended, but
for simplivity they are assomed in all computations to
be instantancous.

Returning te Fig. 5, the water surface must pas-
through the critical depth between / and K, ot K or
between K and M. Assume the passapes to oeeur at
some puint J above K. The energy gridient must under
this assumption drep down at J to a minimum height
above the bottom of the channel. Therefore, the fric-
tion slope from J to K cannot be steeper than the
slope of the base of the canal, and, since the slope of
the canal iz only sutficient to maintuin flow at the
normal depth, d,, which is greater than the criticul
depth, the energy available is not sutficient to overcome
friction losses from J to A and maintain flow at or
below the critical depth. Hence the critical depth
cannot exist at any point above K. If the passage
occurs at some point, L, below K the water surfacé
from K to L must be at or above the critical, the
velocity will be less than normal, and therefore the
friction slope will be flatter than the canul slope: that
iz, the value of d + hr at L will be greater than at
K. whereas if the critical depth occurred at [, it should
be less. Therefore. the passage cannot occur below R,
If the point of passage is at K, d - hr will increase
from K to M and the fall in the gradient will be less
than the fall in the canal grade. This is logical since
the velocity is less than the normal velocity. The fall
in the energy gradient from / te K will be grenter
than the fall in the canal grade, to bulance the increase
in friction due to velocities in excess of the normul
velocities. The point of critical flow will, therefore,
come at K.

No reference has been made to viulues of the slope
from K to N except to state that it is sufficient to
maintain flow at a depth less than the criticul. Ax long
as this slope is sufficient to support flow at & normal
depth equal to or less than the critical depth, it may
be varied at will without affecting flow conditions
above K. For this reason X is called a control. i

Flow to the right of M will be uniform at the depth
d. urtil the flatter slope at N ix encountered. For
simplicity the loss through shock due to the vertical
angle at N is neglected. In actual eonstruction this
angle, if sharp, would be relieved by 2 vertical curve
to reduce the shock. Flow to the right of N cannot
continue at the depth d., since the slope of the cunul
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than the canal stope, and the depth cannot changre Trom
dont Soto dowr Z00 s that the water
depth chawgre, tween N oand 7, from d. to d., but it
must not ut any point have the intermedinte depmh d,
nor in fact any depth for which o & A is less than
at Z. The change occurs suddenly through what s
known asx the hyvdrulic aump, from low-stiapre
depth to the depth o The depth d, and the lowsstape
depth at K. where the energy vradient for the soater
surface YZ intersects the normal energy gradiest, are
alternate energy depths, sscomdar 1o d and J in Figl 2,
and if the jump involved no loss of energy it would
occur at that point. Referring to Figo 2 it will be
seen that in order for the chunpse to vecur at I there

Peces<ary

RO

must be an increase in F -

Q.. ..
‘: V', similar to the change

from 1) to T. Such a change (n momentum requires
the upplication of an exteraal force. The only external
forces available aside from P, and I*; are the forees of
wravity aeting through the canad xlope and resistance
due to friction,  These tend to peutriahize scach other
and are neghgible in amount. Therefore, F7an equation
(3) mav be assumed to be zero, cquation (6) must
hold, and the Jump canuet seeur st [, but nust take
. Q‘-
o

place at some earlier stage where P - is equal

10 the tinal value of that function. This requirement
apparently conflicts with Rernoulli’s theoren, but there
12 automatically antroduced o disturbunee wineh pro-
duces an anternal loss of proper magmitude (o preserve
the equilibrium of equition b The Jowestire depth
#t the jump will be o L Correspoming to the point D
on the momentum curve e Faeo 200 The loss of enerpy
i the jump s equil th (d, 3 ke = dl o ko

This o=~ 1= unavouiable for o cluanre n stage an o
channel of constant crossection and falling grade.
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R =aperly adjusting the shape or vertical alignment
ot @ channel additions! external forces may be intro-
duced, and the jump, with the attendant loss of head,
may be reduced or climinated, as will be pointed ont
later.

The two eurves in Fuy 2 approach each other
indefinitely to the left of ¢, while to the rvight of ¢
they diverge rapidly, A little 2tudy of these cuarves
will show that for small heights of jump the loss
approaches zoro, but that the loss of head inercases
rapidly as the height of jump inereases.  For example,
in Fig. 2000 the jump oceurs from o 20t d
3.38 the loss indepth will be from d ST tad BOR
or 0,09 ft.  The corresponding energy loss ix about
0.05 ft. If the jump occurs from d 2t tod
4 ft., the loss in depth will be from 3 ft. te 1 {t. or
1 ft., the energy loss heing 5107 — 00 084 It
If the jump oceurs from J 1.5 ft, to o 155 1.
the loss in depth will be 830 o 4055 175 ft. and
the energy loss will be 6.0 - 1RO 150, Taking
the discharge ws 150 sec.-ft. this last loss requires
the eontinuous destruction of energy  equivilent to
about 27 horsepower.

After the depth, 4., from which the jump will take
place has been determined the location of the jump may
he obtained by finding the point at which tlow will
be retarded to that depth, This point may be conven.
iently found from: the following equation, derived from
Fig. 1:

Ls,

ool 8 ey, o ds Ls, (7)

ey assuming values for Jdoand o all functions at A
and I can be compuied, includinge the friction slopes.
If the canil slope, =, be known and 1t the friction
slope from 4 1o I be assumed equal to the average of
the slopes ut these points, all fuctors in cquation (7},
except L, hecome known and Lois readily found.

b -

Equation + 71 is applicable to any varmble tlow, The
oply approximation invelved is in the assumption that
the averaye slope is eqiid to the average of slopes at
the computed potnts. By assuming depths sutlicrently
close together the error from this source can be reduced
as far as desired.  However, ordinary friction formu-
Lt are not known to apply accurately to variabic tlow
andd extreme refinement oo computation i aot justitied,
The friction slope mav be determined by Kutter's for-
mulit, or by any other friction formula. This equation
should not be applied through o conteol section or 4 hye
draulic jump, bul may be used to find the wiater surfiee
at d, Loor N, Fig, 5, or above o cheek or dam,

The changres in canal <lope b points K oand N, e
5. are that the
changes 1 stagee will be mitrked, but when the normal
depth iz near the erticu, troubdesome tluctnatons are
often prodoced by very shivht umntentional rress-
ularities in the channel, The Haetiations i such vases
appear ta be out of @l projortion te the ofending
trrepularities, Fhis e the facr that i the
vicanity of 0 Faeo 20 the momentr dnd ey curees

purpesely astumed to be great, <o

e 1o

Ry sprecanintely borizonta! so that 1 the amount of
pequired af aogrinen poitt o chattired
o depth must

ene s oo b
preat g
The
from this seuree s dives-ed b S
Fow

shightlv, o comparativel
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i w VARIADLE CROSNSSECTIONS CANAL TO FLUME
UOR CTRANKITION PROM HICH TO 1LOW STAGE

News-Beeord, Jan, 3, 1918, p. 38, I in the design of
a channel it iz found that the depth isx. at or near
the eritical the shape or slope of the channel should,
if practicable, be changed to secure greater stability.
Usunlly the eritica) veloeity can be changed by widening
or narrowing the channel, or the normal velocity by
altering the slope.  If such changes are not practicable,
liberal frechoard should be allowed, and extreme care
should be used in ronstruction te secure uniformity in
grracde and cross-section,

Changes in stage which oceur at transitions between
canals and flumes, tunnels or other high-velocity con-
duits, where the eross-section of the channel ix variable,
involve only the principles already discussed, but addi-
tional factors are introduced which affect the math-
ematical treatment. It will be convenient to consider
these transitions under six headings, as determined by
the stages between which changes occur, as follows:

tar Changing from high stage 1o low stage, increas-
ingr velocity,

thy Changing  from
tncreasing veloeity,

(¢ Changing from
mereasing veloeity,

vl Champeige from low <tage to high
iy veloesty,

one low stage to another,

one high stage to  another,

~tage, reduc-

fer Chapgring from one Lav stage  to another,
reducing veloety,

s Channgringe
reducing veloerty,

Case rao s similar to the example presented in the
discussion of Figo b, and by argunrents abready used it
can be shown that the control section cannot be above
Vowr belose FLoin Fig 6, AR being o variable transi-
tion between aocanad and o tlume, To locate the point
of contrul plot o minimum energy line, a< shown in
Thi~ line i< obtained by plotting
Jre ubove the canal bottom,
and 0t represents the minimum possible elevition of
the eneres pradient at any point,  The actual energy
pradiert cannot fadl below this line and if the two
vradients ntersect it must be at the highest point on

from one high stage to unother,

caoamd b P 6y

the racnnum values of o
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the minimum tine,  Henee, in Fig. 6 (2, although
there s apparenty soflicient drop from the normal
water surface in the eanal to that in the fume, the
dome will overdow beeausge of the inesrreet hweation
e tne control, The drop which shonuld produce velocity
head ix used up in friction through the lowering of
the water surface in the eanal, By humping the hottom,
as in by, to bring the minimum enerey line at the
upper end of the transition into eoincidence with the
normal energy gradient, the trouble is avoided.  Racing
in the canal is prevented by the throttling offect of
the control at .4, The same offect can be secured, if
desired, by narrowing the section at .4, rather than by
raising the grade.  The inlet structure mway be made
to act as an automatic check by shaping it so that
the head required to pass any quantity of water at the
eritical depth iz equal to the normal head in the canal
above for that quantitv. It ix thesretieally possible
to construct such a control check so that it will exactly
control all quantities of tow gn a given channel, hut
it is sufficient, for all practical purposes, to design the
structure to fit exactly for two discharges, usuallv tull
dischiarge and one-tourth discharye, as in the cise of
a notched drop,

In changing from one low stage to another, having
a greater velocity (case by it is possible, by contracting
the channel or by raisinge the bottom, or both, to foree
the water surface up to the eritical depth and under
extreme conditions a jump may be produced within the
transition or in the canal above,  Such u contingeney is.
however, remote and ordinarily this tvpe of transition
will not be etfected by the eritical depth or the hydrautie
ump.

The transition from ane high stiaye to another, havinge
a higher velooity cease ¢ is often accompanied by
disturbances attnibutable to an ncorrect control. Figp,

TRANSIT
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for the tunnel dropped below the summit of the min.
imum enerpy line, and the tlow passed to low stage at
£ocansing o jump te occur just below the end of the
transihion,  The tranxition should have heen propor-
tionted to heep the summit of the minimum energy line
bolow  the lowest possible  position of  the energy
eradient at Foo The jump was particalarly objectionalide
at this loeation, and wis climinated by bolting cross
timbers to the hottom of the channel, thus incrcasing
the friction-and bringing the energy eradient up to it
computed position,

Trunsition from low stage to hiph stage, cease 4o
mayv be  aceomphishedd either with or without  the
hvdrialie jump, Unless the section of the channel i
properly varied or the bottom “humped™ the jump s
inevitable.  Fig, 8 represeats o transition in whyeh the
vartion in channel sectpa i et satheient to avoid
the jump. The energy pradient for low stigre is com.-
puted  from A toward L, usimy eguation (1, the
pradient for hirh stape being computed  hackwards,
from 5 toward 4, 6 the same wav,  After these
pradicnts and therr corvesponding depth= are feund
i
4

vidues of I' for the two stages are computed.

and plotted to any conventent seale and datun The
jump must oceur where this function s equal for the
twa depths, or at fi0 the ntersection of the platted
fines, By ovitrving the crossssection or the elevations
of the lume, transitwon or vanal, the location of the
tntersection, Jtay be vared o wille HE this pomnt
talls to the bett of 4 the pump will oeenr gn the tume
and mav eause 1 ta overtlow, 1 g0 falls to the right of
E othe yump sl ceur 1o the canad <oction where the
resulting  di-turbances may be olhgechionable,

If the transtion s Fig 8 be oo altered that the
nuntmum enerys boe ot 4 becomes tatgrent o the two
vheryy yrichients at thesr point of gnoersectjon, the twoe
pradients automate s changping to become famrent ty




3

3
i

f3 21

w X

a— LWL LIRS

Noverhep 25, 1020

o — — RPN

1
[
o
i
hl
| o 'll :‘/
o Y
ooy o
. "
e - .-
.
F.
S,
l | ” ‘
i o L .
- . i ——— e ———
- R RN ZNT e
PO
. - ~. i
e — e e _ - ~ \
3 e ‘ \‘\]
.. : .
— T —— o 710 N
2Ly, TRANS .
. rE | I daddaand LT E
"y, 17244 rry, P CANAL
" rrrrryye?” 4 , ;
F | %,
",
",”"""”
o)
I O 4 R N N CE A L Y PRY B R SR € A

cach ather ot that paoint, the Trivsition mae be aceotn-
phsbed without the jump,  Such o transtion s- illus-

. . - Q.. . .
trated in Fig. 0. The {\ Lo tHnes intersect and

become tangent at the point G, The excess of the
presaure inoan upstream direction over that in a down-
s m direction on the hump in the bottom or on con-
tractions in the sides of the channel supphes the foree
F*orequired in equation (d),

In changing from one low stawe 1o another with o
lower velacity tease o the hvdianlic jump and the
cottrol section are not often encountered. A econtrae
tion in the sides of the chanvel or o hamp or obstrue-
tion in the hattom may canse the water surface to rise
temporarily above the eritical depth, but such confrae-
tion or obstruction is not lkely to exist in an artificial
shannel, except by deliberate design, The haw secondary
dam sometimes placed below an overtlow dim to hreak
up the higgh velovity eonstitutes such an obstraction, but
the normuil depth below the seconduary dam is usually
above the critical ~o that the conditions of (ease o
abtain.

The most uszual form of canal transition for redue-
ing veloeity iz from one high ~tape to another and
such structures are often subject to unexpected irreg-
ularities, 1t is usual in designing transitionz of thi.
type to provide for only a partad recovery of heid,
to allow & factor of <afety to take care of imperfections
in the structure and of fouling in the canal below.
This results in an exces< of enerps, 1Y the minimum
encrgy line i~ a1t all points well below the energy
gradient the water surface in the high-velocity channed
will be lowered and the excess head will be consamed
in increased friction, but it the minimum enerpy line
is high a control is likely to be formed, resulting i
le tage flow f{or a shert distance, followed by o jump
biwe to normal.  An actual instance of such an ouflet
is shown in Fig. 10, where o very gradual change from
a 6.1-ft. diameter tunnel to a ¥t segmental lined
section is effected in o length of 190 ft. If the critical
depth in the tunnel and in the transition had been lower
the water surface would huve been further drawn down
at J to make the energy gradient from above coincide
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with thut from belmy, but the high position of the
tantgeenergy line ot J Limits the drasw down,  Ax o
vesult the flow passes o dow stagee nt L, returning to
higeh =tigre theougrh the hedrenulio jump at K, The foea-
o sl height of the jump may be dotermined as in
ciese Gl Fige o 10 ds plotted from actual obiservidion.
I the required water surface elevation at L were 1o
b inereased b beinge the energry geeadient at that point
ahove the elevation of the minimum-energy line nt J,
the contral st oand the jump it K woulih be avoided.
it will e noticed that the velocities increase from
T taward K, reaching g maximum somewhere near A,
the efTfective lenpeth of transition being reduced to K.
Under proper conditinons the point & may full to the
right of L, oand in oany event the turbulence below /,
will bee gereater than if the trmsition were effected
without the jump.  If turbudence is objectionable the
outlet should be proportioned 1o gvoid the formation of
wocantral,

The critical depth may be found by constructing
vither the energy or momentum curve, and finding its
lowest point, us in Fip, 2, buat it can be more readily
determinal by means of the equation

AP

P p (8
where 4 and T are respectively the ares and top width
of the water sections for the critical depth.,  Using

Laep, w4
Jraen.

(R A R LR
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the notation wready  established, and letting H
d o hesand A area of section . . seme function
fidy of the depth, equation 2 is derived us follows:

oo a4
2y
! Q
- ATy
I ¢ 25
ds oy g
. . ol " ()
differentiating, el 1 o . .
where fuly A and rods the first derivative

of .1 with respect to d, T, the width at the water

surface. M ois o minimum when
i A )
pi 1Y mero.er when 7 . as given above.
14 i

By substituting AV fer @ thi~ equation mav be writ.
ten
A "

27,

~ hr «9:
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In a rectangolar section of width, b, A ix equal to bd,
T is equal to o, and (8) muy be reduced to

Q

= W'd'efor rectangular sections) (1
from which d. is readily determined. Equation (9)
reduces to the well-known form

1 .
hee e (for rectangular sections) (n
In a trinngu.ar section, where the ratio of T to o
is X, equation (&) reduces to

(ib ";.\A;fnr trinngular section) (a2
and (11" hecomes
hr. ::I- (for triangulair section) (133

Similar formule may be deduced for any channel
having a known mathematical relation betwen A, ¢ and

)

>

d, but generally the resuiting equations are of the |

deg., and are complicated. and it iz preferable to use
equations (& and «9) without further reduction. If
d. is known and Q required these equations may be
solved directly, but if d. is the unknown the solution
can best be made by trial,

Valuable assistance in the preparation of this paper
has heen rendered by D, C. McConaughy and W, H.
Nalder and other engineers in the Denver Office of the
Reclamation Service.

To Discuss Labor Conditions and Hours of Work
in Steel Industry

In order to learn the results of the three-shift aystem
in stee! plants Horace B. Drury. formerly of the eco-
nomics department of Ohio State University and re-
cently with the Industrial Relations Division of the
Shipping Board, has been spending some months in
visiting steel plants in the United States, collecting
technical data covering the details of the operation of
the svstem.

Mr. Drury has put the results of his observations into
a paper which will be presented at x joint meeting held
under the auspices of the Tavlor Society in New York,
Dec. 3 at & p.m., in the Engineering Sncietiex’ Building.
The other organizations participating in the meeting
will be the metropolitan and management sections of the
American Society of Mechanical Fngineers, and the
New York section of the American Institute of Flec-
trical Engineers,

The purpose of presenting the paper i< to assist the
steel industry in America to prepare for the three-shift
system which, judged by the general tepdency toward
the shortening of hours of lubor and the fact that in
other countries steel production has been put upon the
three-shift basis will probably come here. It is there-
fore the part of wizdom for managements to prepare
for it.

At the same meeting William B. Dicksen, vica-presi-
dent of the Midvale Steel & Ordnance Co., will dixcuss
the subject from the point of view ¢f the manufacturer,
and the general discussion will be led by Robert B. Wolf,
consulting engineer, New York.

Landslip Material Successfully Chuted Into
Railroad Cars

EMOVAL of a hillside slide by passing the material
down a steep chute into ¢ars has been carried out
successfully on the Pennsylvanin System near the
Rirmingham station at Pittsburgh, At thiz point the
rocky face of the hill rises abruptly from the track
level for 150 ft. and then continuex on a steep slope
for about 200 ft. to the top. During the thaw early
this year, springs in the hillside caused a slip near
the top, the materinl blocking two of the four tracks,
Two steam shovels mounted on flat cars were sent
to the work, laborers secured by ropes tied to trees
being stationed at the top to shovel down the loose
earth, After i few days a fire hose was led over from
the top and an attempt was made to wash the dirt down,

Lower Part of Chute
(180 ft. long)

F 26 Fastened fo Tied
Upper Port of Chute
{216 f¥. long)

INCLINED ¢("HUTE USE8D 1N CLEARING LANDSLIDE

This proved unsatisfuctory, but the steam shovels had
cleared the tracks and drying weather had set in, so
that there was no immediate danger of further sliding.
The engineers in charge of the work finally decided
upon a syvstem of removing the loose material by hand
and passing it down an inclined chute, a i-in. jet of
water being used simply as a lubricant. This method
proved satisfactory and was carried on during the sum-
mer, when conditions were favorable.

The steel inclined structure of the Monongahela
Inclined Plane Co. isx near the slip and was utilized
to support the chute, which was 396 ft. long and had!
a slope of 1 on 3. The construction is shown in the
accompanying drawing. For the upper 216 ft. of the
length, timbers 3 x 6-in. were placed in the track of
the incline, projecting on one side about 5 ft. beyond
the ends of the ties and carrying frames for the box
chute. For the lower 180 ft. the chute was suspended
beneath the deck of the incline, the frumes being apiked
to timbers resting on the flanges of the steel floor
beams. The chute was a closed box of I-in. tongued
and grooved flooring, but as this was rough enough to
cause clay to adhere to the sides it was afterward
lined with sheet iron. With this lining and the lubri-
cating effect of water operation was successful.

Traps or movable deors in the top provided for dump-
ing the material into the chute, twelve men with wheel.
barrows being engaged tn thix work, and leading on
un average of two cars daily. These openings were
useful also in removing occasional stoppages when the
material consisted mainly of clay. At the lower end of
the chute a bottom trap delivered the material into the




