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FOREWORD

The Hydraulic model studies covered by this re-
port are a continuation of the studies reported in Hydraulic
L.aboratory fienort No. INyd-275, March 22, 1950. The
studies were carried on in the Hydraulic Laboratory, Of-
fice of the Assistant Commissioner and Chief Engineer,
Bureau of Reclamation, during 1850.

The Republic Diversion Dam is a part of the Bost-
wick Division, Kansas River District, Missouri River Ba-
sin Project. As shown in Figure i, the proposed dam site
is on the Republican River near the town of Hardy, Nebraska.

The designs and studies were made in cooperation
with the Diversion Dams Section, Canals Branch.

The studies were made by Messrs. O. S. Hanson,
L. B. Quello, J. J. Hillner, and L. J. Keyser under the
supervisien of My, E. J. Carlson. Mr. E. W, Lane, Con-
sulting Hydraulic Engineer, provided advice throughout the
testing program.
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Subject: Hydraulic model studies of Republic Diversion Dam, head-
works and sluiceway structures--Progress Report No. 2 on
general studies of headworks and sluiceway structures

SUMMARY

The Hydraulic model studies of the Republic Diversion Dam
and appurﬂ.enam works were a continuation of the program undertaken
to improve ihe design of canai headworks and sluiceways in connec-
tien with the control of sedimentation in canals. Previous work was
covered by Hydraulic Laboratory Report No. Hyd-275 “Hydraulic
model studies of Superior-Courtland Diversion Dam, Headworks and
Sluiceway Structures--Progress Repor: No. 1 on General Studies of
Headworks and Sluiceway Structures.'

Comparisons of the various designs were made by using the
ratios of sediment concentration in the sluiceway to sediment concen-
traticn in the headworks, Cg/ Ch. for each design. All concentrations
are expressed in terms of oans of sand per million parts of water by

weight.

The various designs tested are shown in Figure 8. The pre-
liminary design gave a Cg/Cp of 1. 26 with & prototype discharge of
120 cfs in the headworks and 60 cfs in the stuicewsy. Seversl arrange-
ments were tested in which two curved guide walls confined the flow
in a channel as it approached the headworks and stuicaway. Both a
20-foot and a2 10-foot channel were tested. These arrangements are
shown in Figure 8 as Changes 2, 3, and 4. The concentration ratios
Cs/Cp for these three changes were lower than the concentration ratio
for the preliminary design. Compared to the average velocities ob-
tained in the Courtiand headworks model study®, the average velocities

*Hydraullc Laboratozy Report Hyd-275, Eydraulic Model Studies
of Superior-Courtland Diversion Dam, Headworks, and Sluiceway struc-
tures--Progress Report No. 1 on General Studies of Headworks and
Sluiceway Structures.




i the approach channel between the guide walls of Republic headworks
was approximately one-third for similar arrangements.

Change 3, Figure 8, shows the lay-oul of the Republic head-
works model with a 12-inch by 15-inch elliptical vortex tube installed
upstream of the headworks gate, The design recommended {for Re-
public Diversion Dan utilizes the voriex tube with an aciuating vane
over it. Figure 12 shows the recommended design for the Republic
headworks and sluiceway based on tesis made,

The tlardy Canal hecadworks, on the opposite side of the dam
from Republic headworks, is similar in entrance conditions except the
discharge is less. The resulls of the tests madce {or Republic head-
works and sluiceway were used in determining the design recommended
for Hardy headwovks and sluiceway. The recommended design for
Hardy headworks and siviceway is shown in Figure 13,

INTRODUCTION

The study of the problem of control and removal of coarse
sediment carried into canals by water diverted {rom heavily sediment-
laden streams is a vontsauing project under general sedimentaltion in-
vestigations. The first work was done u<ing the Superior-Courtland
Diversion Dam as the tes: structure, The Superior-Courtiand tests
were completed in June 18949, and resulls were covered by Hydraulic
Laboratory Report No. Hyd-275. The Republic Diversion Dam, a part
of the Bostwick Division, Kansas Kiver District, Missouri River Basin
Project, was investigated next. The proposed dam site, as shown in
Figure 1, is near Hardy, Nebraska, on the Republican River. A vi-
cinity map is shown in Figure 2.

The Republic Diversion Dam, as shown in Figure 3, was sim-~
tlar in plan to the Superior-Courtland Diversion Dam with only minor
differences in the overflow weir, headworks, and some differences in
the upstream conditions. The Superior-Courtiand model was modified,
and a 1:13 undistorted model incorporating one-half of the Republic
diversion weir and the Republic headworks and sluiceway was buil! into
the testing box.

Further studies of a general nature are being made on this
problem as time permits.

DESCRIPTION OF MODEL

Upon completion of the Superior~-Courtland tests the existing
mode! was modified to represent the Republic Diversion Dam and Re-
public Tanal headworks. A new headworks structure was installed and
some changes were made in the upstream iav-out. The overflow weir
and sluiceway were left unchanged with the exception of relocating the
sluiceway gate. Figure 4 shows the general lay-out of the model.
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The sand used for the movable bed was the same as previ-
ously used in other sediment studies. !t was obtained from a loosely
cemented sandstone which had been broken down in 2 hammer mill,
producing a sand with a median diameter of 0.2 mm with 90 percent
between the 40- and 100-mesh United States Standard Sieves (0. 42 mm
to 0. 15 mm). Figure 5 shows paotomicrograpns of the model sand snd
washed Republican River sand. Size comparison can be made {rom the

1 mm rectangular grid shown on the photographs.

Water was supplied to the model by a portable pump mounted
over the supply channel. Flow into the model was measured with a ven-
turi orifice meter and controlled by means of s vaive. Division of flow
through the sluiceway and headworks was controlled by gate settings,
and a V-notch weir was placed in the end of the return channel from the
headworks to.measure the amount of water diverted through the head-
works. ‘

Two vibrating pan feeders were mounted over the head end of
the model. They were set to give a uniform: sand feed at the rate re-
quired by the model study. These feeders were hopper fed and con-
trolled by means of rheostats. Figure 7TA shows the sand-feeder ar-

Tangement.

MSamples of the sand-water mixture flowing through the sluice-
way and headworks were taken at intervals by-passing a collecting
trough through the nappe, Figure 6A. The samples were collec:ed in
tanks, Figure 6B. calibrated to read the amount of water in liters,

The sand settled into glass funnels mounted at the bottom of the tanks.
The funneis were graduated to give grams of dry sand, deposited
under waier, so the amount of sand couid be read directly and the
conventration computed without further conversion of the data. The
upstream pool water surface, read on s staff gege, was meiniained

at the normal water surface elevation 1522. 57 for all tests.

METRHOD OF OPERATION

Experience with earlier studies of a similar nature indicaied
that the most satisfaciory method of operating a movable bed mode}
was to choose a fixed discharge for all runs, thus reducing the number
of variables to be considered. To maintain comparable flow conditions
to those used on the Superior-Courtland tests, a total discharge of 180
cfs, divided with 120 cfs through the headworks and 60 cfs through the
sluiceway, was chosen and all runs were made at these settings.

Results of sediment investigations in the Xansas River Basin,
November 1, 1942, to September 30, 1946, by the Corps of Engineers,
Department of the Army, showed the Republican River near Blooming-
ton, Nebraska, carried ) bed load of approximately G, 165 percent by
weight of the water discharge. Al the standard discharge in the model
this required a rate of sand feed of 1.28 pounds per minute. Some dif-
ficulty was encountered adjusting the feeders to this low rate but by
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careful control this rate was obtained within reasonable imits., By
utilizing the vibrating feeders a {airly uniform, continuous addit:on
of sand was obtained. In a previous model study cyclic fluctuation

of concentrations xas encountered at the headworks and sluiceway,

due to the sand being fed x! wtervals,

All test runs were made al the standard water and sand dis-
charges with samples »f both the headworks and sluiceway discharges
taken at regular intervals, The runs were continued until all concen-
trations, as shown by the samples, became reasonably constant, thus
indicating an equiilibrium condition in the model. The equilibrium con-
dition was checked by plotting concentrations in ppm agains! time. A
minimum run of 24 hours, and in a few cases over 100 hours, was
found necessary to obtain satisfactory averages,

TEST RUNS

Preliminary Design

The initial run was made with the headworks and sluiceway
arranged according 1o the preliminary design as shown on Drawing No.
271-D-24%, Figure 3. During the first several hours of the run the
bed built up until it had established a siope and depth of flow, normal
for the water and sand discharges. As il approached this condition,
the flow was unstable with continually changing channels throughout
the bed area which resulted in a variation in concentrations in the
samples collected. A total run of 109 hours was sufficient to obtain
an average concentration ratis. This ratio, Cs,f C.., for the prelim-
inary design was i1.26. Figure 7B shows the bed 2t the end of this
run.

Lipstream Guide Wall

A guide wall 37.5 feet long, extending from the upstream
edge of the headworks to a point 24 feet upstream {rom the overf{low
weir, Change No. 1, Figure 8, was installed in the rnodel. The guide
wall directed the water across the sluiceway entrance as the water ap-
proached the headworks. For this arrangement there was consider-
able turbulence around the end of the guide wall and the pier, result-
ing in much of the sediment being entrained into suspension. Although
a slightly higher concentration ratio was achieved it appeared that the
turbuience and change of direction of the water approaching the head-
works and sluiceway was (oo great. The average concentration ratio
for the test of Change i, after 38 hours of operation, was C4x/Cp = 2. 63,
Observations indicated that much more bed sedimem was thrown into
suspeasion for this set-up than for the other arrangements tested.
Figure ¢ shows a general =nd close-up view of the bed after compile-
tion of the test.




Curved Approach Channel

Several tests were made in which curved guide walls leading
to the headworks and sluiceway were installed. Curved guide walls
were used to take advantage of the natural tendency for movable bed
sediment to go to the inside (convex side) of an open channel curve,
ft was found that for the Republic headworks set-up, the discharge
and consequently the velocity were lower than in the Superior-Court-
land tests (Hyd-275), and the action for moving bed sediment to the
inside of the curve and toward the sluiceway was not so great. The
curved channels tested are shown as Changes 2, 3, and 4, Figure 8.
The greatest improvement in which guide walls for controlling sedi-
ment were used included a 10~foot sluice gate moved upstream 6 feet
i€ inches from its position in the preliminary design, with the guide
walis parallel giving a channel 10 feet wide. The concentration ratio
for this test was, Cg/C,,. = 1.55. Moving the sluice gate upstream
lowered the elevation of the sediment: bed just upstream from the
sluice gate and immediately in fror: of the headwerks. Figure 10
shows typical bed conditions at the conclusion of the tests utilizing
curved guide walls alone.

Vortex Tube at 90° Angle with Headworks Channel

With the curved guide walls in place, the headworks struc-
ture was rebuilt to include a 12-inch by 15-inch elliptical vortex tube,
This tube was placed at 90° o the fiow immedgiately upstream from
the head gate and discharged through a 15-inch pipe which emptied
into the sluiceway downstream from the sluice gate. Change No. 5,
Figure 8, shows the lay-out of this design.

The {irst run with this lay-out showed only a slight improve-
ment over the guide walls alone. The tube would nccasionally fill up
over part of its length, and the amount of sand withdrawn was rather
small. The velocities existing through the headworks above the gate
were too low to produce a strong vortex in-the tube, thus reducing its
effectiveness, ‘

A horizontal vane, tapered in profile, was then installed
above the vortex tube to increase the velocity directly over the tube,
Figure 8. This system of increasing the efficiency of a2 vortex tube
was developed in = larger scale sectional model in the Hydraulic Lab-
oratory. Three positions of the vane, as shown in Figure 8, were
tested with that shown as Position 2, 15 inches above the floor ele-
vation, proving to be the most effective. Some of this series of runs
were made with the curved guide walls removed to separate the im-
p!:;lv:mem resulting from the vortex tube from that due to the guide
w .




During these tests it was noted that 2 portion of the sand
passing through the headworks was being thrown into suspension by
turbulence crexied at the headworks sill, To reduce the turbulence
a sloping face was built upstream {rom ihe sill, Fi-lie 11A shows
the bed conditions in fron: of the headworks at the end of the run o
which included the sloping face in front of the headworks sill, a 80~
vortex tube with actuating vane over it, but no guide walls. Although .
only a straight sloping face, Change 6, Figure B, upsiream {rom the
headworks sill was tested in the model, a rounded face, Figures 12
and 13, is recominended for the prototype. The rounded face will
reduce the turbulence a! the headworks entrance, and reduce the
amount of sediment thrown into suspension.

Vortex Tube at 637 Angle with Headworks Channel

From the resul's of tests made by other investigators*, it
was known that a vortex tube operated mos! efficiently at an 2agle
with the line of flow. A new tube was buiit and installed at 652 with
the line of flow. This was the smallest angle practicable in the
model with the clearance available in the preliminary design.

A test of 95 hours was made with this tube installed with no
baifle or guide walls. This test gave a Cg; (), ratio of 1.47, indicat-
ing a definite improvement over the operation of the 80° tube. With
the addition of a horizontal vane placed 15 inches above the lip of the
tube the Cg/C, ratio was increased to 2.37. The 20° tube under the
same conditions gave a Cg/C, ratio of 1.31. Figure 11B shows the /
condition of the bed at the conclusion of this run. '

As shown in Figure 8, the model tests with a vortex tube
were made with the {loor downstream {rom the tube 0. 17 foot lower
than the floor upstream {rom the tube. Other investigators had in-
dicated this arrangement gave better action in the vortex tube. Later
experiments in a sectional model study in the Hydraulic Leboratory
have shown the vortex action to be just as good with the {loor at the
same level upstream and downstream f{rom the tube as shown in Fig-
ures 12 and 13. The ievel floor gives easier construction and better
hydraclic conditions, therefore it is recommended f{or the prototype.

RECOMMENDED DESIGN

Based on the resulte of the model studies, it is recommended M
that a vortex tube with an actuating vane buill over it, as shown in Fig-
ure 12, be built into the Republic headworks. It is recommended that
the headworks structure be lengthened enough that the vortex tube and .
vane can be built at an angle of 60° with the center line of the headworks.

*Ralph L. Parshall "Model and Prototype Studies of Sand
Traps,' ASCE Transactions Volume 117, pp 204-214.




The underside of the actuating vane should be 15 inches above the top
of the vortex tube. The uypstream face of the headworks sill should
be sloped as shown in Figure 12,

The design recomme-Jed for the Hardy headworks and sluice-
way 15 similar to that recomn “nded for Republic headworks and sluice-
way and is shown in Figure 13,

FUTURE STUDIES RECOMMENDED

In the past a wide variety of designs have been used for diver-
sion wourks, both in this country and abroad. Many have proven to be
excellent designs and others have operated unsatisfactorily. Even in
cases where the same general design has been used, the operating ef-
ficiency has varied greatly due to different conditions at the diversion
site.

A program of testing and evaluating these desigps shouid be
undertaken., Each design should be investigated, and conditions of dis~
charge, sedimert load, vriver form, etc., should be determined for
the most satisfactory operation of each type. Much work has already
been done by other investigators which wili be helpful in selecting and
eliminating designs to fit the specific conditions. Some further lab-

oratory work will be necessary to datermine the factors governing
proper operatiorn. of the various designs.

OPERATING SUGGESTIONS FOR PROTOTYPE

The {ollowing operating suggestions, based on the hydraulic
model studies, are recommenced 4s a guide to operating personnel
in order to obtain the best results from the operation of the Republic
Diversion as well as other Diversions from a sediment control stand-
point. Actual observations on the completed prototype may indicate
some modifications in these procedures. To best determing these
chariges, reccrds of the amount of sediment deposited in the canal,
sediment load in the river upstream f{rom the diversion, and oper-
ating procedure followed should be kept for the first several years
the project is in operation.

Intermittent sluicing--periodically opening the sluiceway gate
full cpen--gives the most favorabie sediment distribution as indicated
by previous model studies. Whenever irrigation and canal conditions
permit, intermittent type of sluicing operation should be used. When
the sluice gate is opened, the headworks gates should be closed and
the entire discharge of the river allowed to {low through the sluice
gate until the pool elevation has dropped to 2 minimum. The sluicing
period shouid be alternated bet-een the Hardy and Republic headworks,
with only one side being sluiced at a time so a maximum discharge may
be used for each sluicing operation. The division of sluicing water




between sluiceways should be made in the prototype on the basis of the
amount of sediment being drawn into the canals and not on the busis of
quantity of water diverted. The divisiox of flow will have to be care-
fully watched during the recession of flood {lows and the non-irrigation
season in order to keep the channels to each headworks open.

Another factor goeverning the {ormation of the sediment de-
posits behind the diversion works is the water-surface elevation in the
pool. The lower this elevation can be carried the lower the sediment
deposit near the headworks and siuiceway will be. It would be desir-
able to set the headworks and sivice gates so as to maintain a pool ele-
vation just sufficieni to obtain the proper canal discharge.

The quantity of water diverted should be held as low as possi- R
ble and still satisfy irrigation demands. Any surplus water diverted
id returned to the river through wasteways will tend to aggravate the -
sediment problem by carrving additional sediment into the canals. The
majority of this sediment will be deposited in the upper reaches of the
canal, and any sluicing action caused by flow through the wasteways
will not offset this additional deposition,
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Przliminary Downstiream Position Moved Upstream 6 Ft. 10 In.
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