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FOREWORD - B

Hydraulic model studies reported herein were conducted in -
- the Hydraulic Laboratory, Bureau of Reclamation, -during the period
—~ 8 August 1948 to June 1949. ' :

The Superior-Courtland Diversion Dam is a part of the
Bostwick Division, Kansas River District, Missouri River Basin
ProJect.

The designs and studies were made in cooperation with the .
Diversion Dam Section, Canals Division, Branch of Design -and Construc-
tion, Bureau of Reclamation. Messrs. A. W. Kidder, H. E. White, and
M. E. Day of the Canals Division visited the laboratory on numerous
occasions and made many helpful suggestlons.

The studies were made by O. S. Hanson under the direct
supervigion of E. J. Carlson and C. W. Thomas. Mr. E. W. Lans,
Consulting Hydraulic Enginser, provided advice and guidance throughout
the testing program.




CONTENTS

Introduction . . . T
Description of Mod.el s e e i w e e e ie e e
Method of Operation. . . . . ev e 4e e eie e
Test Runs on Courtland Headworks T I
Original Design . . . . + . + .« &« .
Upstream Guide Walls . . . . e o e .
Downstream Divide Walils . . . . .. . e e .
Recommended Design . . . . e e « e e e e
Test Runs on Superior Headworks .. . . ... « « . .«
Additional Studies Recommended . . o e . e e

Operating Instructions . . . . . . .. . ...

LIST OF FIGURES

Location MAD . . « v e + ¢ ¢ o o a o @« :a o . a:s s
Vicinity Map . . S
GeneralPlanandSections e e s e e % & . e & .s
Model Layout--Original Deslign . . . . + . + &
Recommended Designs, Courtland and Superior Headworks
Designs of Courtland Headworks Tested in ‘the Model .

.

B I
. e
.

¢ o s w

Designs of Superior Headworks Tested in the Model . .
Photomicrograph of Sands . . + ¢ o + o ¢« ¢ 6 ¢ o0 o @
A. Republican River Sand . . « + ¢ o ¢ ¢ o va s
B. Mod.elSa,nd......,...:_...,......’
Sampling Apparatus . . .. . . . e e e s e e e s
A, Headworks Collecting Trough e« e e 4 -ew ss a
B, Measuring Tanks . . ¢ o « o .« = o o« s s o o« .
Courtland Headworks Original Design . . ¢ ¢ o . .a .o o
A. Before Test Run'No. 1 . & 4 ¢ o o e o s .
B. After Test Run No. 1 .. . . . « e e

Courtland Headworks Original Design—-Discharge 1n _
Headworks 400 cfs, in Sluiceway 200 ¢f8 . « « + « .« .
Courtland Headworks Original Design-~-Showing Bed

after Run Using Intermittent Sluicing . . « « .0 « 8 .
Courtland Headworks Change No. 1 + o « o « o o o v o
A. Gensral View of Bed after 3 Hours' Run . . .
B. Closeup View of Bed after 21 Hours' Run . . .
Courtland HoadwOrks . « o « o « o o o ¢ o o « s o + =
A. Change No. 2 after a shor{ Run . « .« v « o &
B. Change No. 4 after 15 Hours' Run « & « . o .

.. . L) - .

.

Pege
.
. 2
- 3
. L
5
5
6
T
.11
.11
. 12
. 13

-
o

i2
‘13

1k

b
Y3 ®= O\ FW H




CONTENTS (Continued)

Courtlend Headworks + « « + « « o ¢« ¢ o « & o &

A. Change No. 5A after 6 Hours' Run . . .

B, Change No. 6 after 20 Hours' RUn . « + « .
Courtland Headworks Change No., 7 With Vortex Tube
Inst8lled « ¢« o o « o o o ¢ o o 0 o 8 o 6 o 8 o »

A. Usling 20-foot Sluice Gate .+ . « & » « &

B. Using 10-foot Slulce Gate . . . « « &« . &
Courtlend Headworks, Change No. 7, With Vortex Tubs
Removed ] - L] L} - L] . . - . - L] - L] [ ] L] L] » L] ] L]

A. Using 20-foot Sluidce Gate . . . . . . . .

B. Using 10-~foot Slulce Gate . « « ¢ « o .« 4 o
Courtland Heaedworks, Roconmended Design . « « « . o .

A. View Showing Scour Using 25 Percent of Total

Discharge for Sluicing .« « v« ¢ o « o o o &
B. View Showing Scour Using 15 Percent of
Discharge for Sluicing . . « « « « »

Superior Headworks . . . ¢ & o &+ « ¢ o o+ o o @

‘A, Original Design . . « ¢ ¢« « ¢ v o+ o

B. Change No. 1, Total Discharge 120 cfs
Superior HeadWorks . &« o v ¢ o ¢ o o s o o s @

A. Change No. 1, End of Test Run . + . »

B. Change No. 2, Recommended Design . . .




S

UNITED STATES
DEPARTMENT OF THE INTERICR
BUREAU OF RECLAMATION

Branch of Design and Construction Leboratory Report No. 275

Research and Geclogy Division ‘ Hydraulic Laboratory

Denver, Colorado Campiled by: 0. S. Hanson

Mgrch 22, 1950 Reviewed by E. J. Carlson
. C. W, Thomas

Subject: Hydraulic model studles of Superior-Courtlend Diversion Dam,
headworks and slulcewsy structures--Progress Report No. 1 on
general studies of headworke and sluiceway structures ’

SUMMARY

The primary purpose of these model studies was to find the
headworks design that would pass the highest percentage of the bed loed
of the stream through the sluiceway. The various designs tried were
compared on the basis of the ratio of the concentration of the sand in
the water passing through the sluiceway to that passing through the
headworks EE).

Ch

The wverious desigus tested are shown in.Figﬁres 5, 6, and 7.
The original deslgn for the Courtland headworks and sluiceway gaye a

ratio of EE = 0.68 for the standard prototype discherge used: 400 cfs
h

through the headworks and 200 cfs through the sluiceway. Changes No. 1
to 3 were unsuccessful and showed no improvement over the originel de-
sign. This was pertly due to the greater turbulence created in frout of
the heedworke. Thls turbulence caused & larger percentage of the bed
load to be picked up and carried through the headworks as suspended load.
Change No. 4 using & divide wall betwsen the overflow welr and the
sluiceway proved to be the most favorable, resulting in a ratlo of

c
EE « 6.63. Further tests with this type of wall involving changes in
» , B =

allgmment of the bank of the pool excavation, length of wall, and wall
location failed to show any further Improvement 1n its desilting
characteristics. Figure 5 shovws the recommended design.

Additional tests were made incorporating & vortex tube across
the face of the headworks and a narrower sluice gate. These tests
indicated an even greater improvement in sediment distribution, but
since it was lmpractical to incorporate these changes in the Superior-

Courtland design, further testing of these schemes was postponed until
a later date. :




Tests on the Superior Canal headworks were limited to designs
similer to that proven best for the Courtlend Canal headworks. - These
designs are shown on Figure 7 with the recormended design shown on
Figure 5.

INTRODUCTION

The problem of control and removal of coarse sediment carried
into canals by water diverted from heavily sediment laden streams has
recently become a larger and larger item in the operation and maintenance
costs of many of the Bureau of Reclamation projects; and with the
increasing demand for water resulting in greater diversions fram these
streams, the importance of the problem of excluding the sediment from
the cansls will continue to increase.

On some of the larger projects elaborate desilting works have
been bullt, such as those on the All-Amsrican Canal. On the smaller
projects, however, the cost of such structures camnot be Justified, and
simpler and cheaper means must be devised. The use of slulceways to
carry the sediment past the dlversion weirs by wasting part of the
water has been used in many lnstances. Some of these structures have
proven satlsfactory, but many have falled to exclude the coarse sedi-
ment from the canal system, and frequent dredging of the canals has
been necessary.

As authorized by letter from Assistant Director, Region 7,
dated July 12, 1948, a model study of diversion structures to test
headwork and sluicewa,y design for the control of sediment was begun
by the Hydraulic Laboratory in August 1948, Since the Superior-
Courtland Diversion Dam on the Republican River was the first of several
dlversion dams to be built in the Kansas and Lower Platte River Basins,
it was decided to use this design ae the starting point in the model
studies. A 1:15 undistorted scale model of half the diversion weir and
the Cowrtland Canal headworks and sluiceway was built.

Since the design of this structure was already ccnnplete and
construction was underway before model testing could be finished, the
scope of these studles was limited. Cnly minor changes and ad.ditions
could be incorporated in the designs. Tests are now being made oxn the
Republic Diversion Dam headworks and sluiceways, and general studies are
underway, results of which will be incorporated in the design of the
Scandia diversion and the diversions built in the Columbia, Middle Loup,
and Grand Island Divisions.




DESCRIFPTION OF MODEL

Since 1t was necessary to obtain good movemsnt of the sand
used in the bed with relatively =small discharges, as large a model as
practicable was deemed necessary to obtaln satisfactory results. Space
in the Hydraulic Leboratory approximately 30 by 70 feet was available.
By utilizing this entire area, it was found that a 1:15 undistorted
scale could be used which would include an area sufficlent to cover
ons-~-haelf of the diverslion welr, the Courtland Cenal headworks and sluice-
way, end approximately 400 feet of the upstream and downstream river
channel. The general layout of the model is shown in Figure k.

Although the model was bull t to an undistorted scale , 1t was
realized that in order to get sufficient movement of sand through the
model either the discharge or slope scale would have Ho be increased.
To simplify operation and computations, the discharge was kept at the
proper scale and sand was added at a constant rate allowing the model
to bulld up whatever slope was necessary to reach an equilibrium

condition.

At the time of a prior sediment load experiment, sand samples
from practicelly all local sources were glven a size analysis. The most
satisfactory of these sands for experlmental purposes was obtained from
a8 loosely cemented sandstone ground in a hammer mill giving a sand with
a median dilameter of approximately 0.2 mm with 90 percent between the
4LO- and 100-mesh Tyler Standard screens (0.43 mm to 0.15 mm). This
sand was used in the previous tests and found to move satisfactorily
under relatiwely low discharges, and because of its uniformity in size
no difficulty was encountered due to sorting under the action of the
water. Other materials were considered, but the fine uniform sand had
the best characteristics and was easlly availlsble so it was used.

Figure 8 shows photomicrogrephs of the model sand and washed.
Republican River sand. Size comparison can be made from the 1 rmm
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 a valve. Division of flow
through the slulceway and headworks was coatrolled by gate settings,
and a V notch welr was placed 1n the end of the return channel from the
headworks to measure the amount of water dilverted through the heedworks.

Sand was added at S5-minute intervals by filling a 3- by 1-1/2-
inch aluminum channel 12 feet long and dumping it on & broad-crested
welr. The send was then washed into the model by the water flowing
over the welr.




Semples of the water flowing through the sluiceway and headworks
wore taken at regular intervals by passing a collecting trough, Figure
9A, through the faliing neppe. These samples wers collected in tanks,
Figure 9B, callbrated to read the amount of water in liters. The sand
settled into glass funnels mounted at the bottam of the tanks. These
funnels were graduated in grams of dry sand so the amount of sand could
be rsad directly and the concentration computed without uany further
conversion of the data.

METHOD OF OPERATION

In order to reduce to a minimum the number of variables
affoecting the sediment discharge, 1t was mecessery ©o choose a standard
water discharge at which to operate the model during the tests. This
discharge d1d not necessarily represent an exact condition in the
prototype. It was folt that the design which appeared to operate best
using the standard flow would probably be the best for practically all
other flow conditions.

The proposed plan of operation for the project showing river
discharges and canal requirements was obtalned fram the Hydrology
Division, Branch of Project Planning. From a stuly of these data it
was declded to use a total flow of 600 cfs divided LOO cfs through the
headworks and 200 cfs through the slulceway as the standard discharge.
Normal water-surface elevation of 1639.0 feet was malntained in the
reservolr for all general tests.

Results of sedimeut investigations in the Kansas River Basin,
November 1, 1942, to September 30, 1946, by the Corps of Enginscers,
Depar'tment of the Army, showed the Republican River near Bloamlington,
Nebraska, to carry a bed load of approximstely 0.165 percent of the
water discharge by weight. At the standard discharge of 600 cfs this
would require a rate of sand feed into the model of 0.071l3 pounds per
second. Tho channel used as & feeding trough had a capaclity of approx-
imately 25 pounds. The rate of sediment feed used was ons channel full
each 5 minutes. This gave a concentration Just slightly higher than the
prototype concentration which proved very satisfactory.

5

On the preliminary test runs 1t was found that the concentra-
tions passing through the headworks and sluiceway varied with time due
to the intermittent addition of the sand load. To correct for this
fluctuation samples of the headworks and sluliceway water were taken
simultaneously at a constant interval following the addition of sand.
From these samples the concentration of send passing through the
headworks and slulceway in parts per million was calculated.

e




TEST RUNS ON COURTLAND HEATDWORKS

Originel Design

An Initilal test run was made with the sluiceway and headworks
srranged as shown on Drawing No. 271-D-29 (Figure 3) with training walls
omitted. The model was operated at the standard discharge of 600 cfs;
200 cfs through the sluiceway; and 400 cfs through the headworks. Figure
10A shows the sand bed upstream from the headworks lmmediately before
the start of this run.

Samples were taken of both the sluiceway and the headworks
discharge at 30-minute intervels. After only e few hours of operation
rather heavy concentrations of sand were coming through Headgestes 4
end 5 and the area in front of the headworks started £illing from the
upstream end. The majority of flow through the model was conceatrated
in & channel along the right bank, as shown in Flgure 1l.

As the test was continued, the area in frount of the headworks
continued to f1l11 and the concentrations In the headworks discharge
increassd. Very little sand was drawn through the sluiceway, however.
After approximately 20 hours of operation the entire area in front of
the headworks had filled with the exception of a small triangular arca
immediately upstream from the sluiceway. Thils area was then £illed -
while the model was shut down. The model was run for an additional
5 bours, during which the concentration in the slulceway began to
increase. Averaging the concentrations shown by the samples after an
equilibrium condition had apparently been reached, Figure 10B, showed
a ratlo of concentrstion in the sluiceway to the concentration in the
headworks of 0.682.

The discharges through the sluiceway and the headworks were
then reversed giving a canal discharge of 200 cfs and a slulceway dis-
cherge of 400 ¢fs. This run wes continued for 1k hours and 30 minutes,
at which time the concentrations showed by the samples seemed to have
stabllized. The headworks and slulceway gates were then reset to their
original positions and an additional run of 5 hours was made. This run.

gavs the ratio Ei.equal to 1l.33 for 9; 2 and 0.314 for SE = Q. 50.
Ch Qn Qh

With the bed left as It was after the completion of the second\fhncam”””T
run & system of intermittent slulcing was tried. The sluicewey and head- sre N8
works gates were set to the standard discharge and the model operated at'
these settings for 55 minutes. The sluiceway gate was then fully opened:
for 5 minutes. This procedure was repeated each hour for a total run off
20 hours and 30 minutes.




When the slulce gate was full open the level of the pool
dropped considerably, causing the discharge through the headwork gates
to drop practlcally to zero. After the sluicing period the slulce pate
was campletely closed until the pool -had filled to its normal slevetion.
of 1639.0 feet, after which the gates were reset to the 200- and 400-cfs
discharges. Regular samples were taken at 20-minute intervals between
sluicing and occasional samples were taken during the.sluicing period.

During slulcing heavy scour occurred in front of the headworks
with the riprap floor, at elevation 1632.0 feet, being exposed over most
of its area. A pronounced chamnel was scoured upstream through the pool
deposit, Figures 12A and 12B.

C
Seamples taken between slulcing perilods showed Eﬁ- = 0.713 and

C X
the samples taken during the sluicing periods gave - = 4.269. Ths com-

bined ratlo was 3.770. When the sand was removed from the tall box it
was measured and showed that 89 percent of the total sand moved had
passed through the slulceway using only 36 percent of the water.

Although this system of operation appeared to offer a great
deal of promise as far as efficlent removal of the sand was concernsd,
it was felt that the fluctuation of the canal water level due to the
varying dlscharge through the headworks during the sluicing periods
would causs sloughing of the canal banks and was, therefore, nct a satis-

factory meuns of operation on a project having unlined canals. No further
study was made of this system of operation. !

Upstream Guids Walls

A gulde wall 55 feet long and 12 feet 6 inches high was then
installed as shown in Change No. 1, Figure 6. The bed was set at
elevation 1632,0 feet between the guide wall and the headworks. The
remainder of the bed in the model was left as 1t was at the end of the
previous run. The pler between the slulceway and the overflow weir
was also cut back 8.0 feet to eliminate the large draw-down it caused
vhen the slulce gate was full open. ~ ; :

The model was then operated under the same conditions as for
Run No. 1. Samples were taken at regular intervals.

This arrangement proved to be less satisfactory than the
original design giving a ratio of %E = 0.216. The unsatisfactory

sediment distribution seemed to be caused by the increased turbulence
in the flow arvund the end of the gulde wall causing a larger percentage
of the load to be throva into suspension and drawn out the hesdworks.




Photographs, Figures 13A and 13B, were taken during and at
the end of this run. They show the heavy scour that occvrred upstream
from and around the end of the gulde wall and the heavy deposit between
the guide wall and the headworks.

In order to speed up the %esting program no complete runs were
maede on the next several changes. Several curved shapes were trled on
the end of the guide wall shown as Change Wo. 1. The space between the
sluiceway and the guide wall was varied and submerged vanes, shown as
dashed lires on Change No. 1, Iigure 6, wore tried. Nome of these
changes shnowed any appreclable ilmprovement.

A new guide wall, Change No. 2, Figure £, was then tried. This
wall wag buillt to operate submerged allowing the water to bse diverted to
flow over the top. Various well heights were tried. It becams apparent
that when the elevatlon of the top of the wall wes lowered sufficiently
to allow the full flow of the headworks to pass over it, the sand bed
upstream fram the wall built up to an elevation sufficient to allow the
ted load sand to alsoc pass over the wall. A horizontal lip extending
upstream fram the face of this guide wall was tried in an attempt
to keep the sand from flowing over the top. This lip showed a slight
improvement over the other arrangement but the improvement was insuffi-
clent to warrant further tests. A vertical gulde well was also tried
in place of the sloping bank. Figure 1hA shows the model at the completion
of the test with this arrangement.

Change No. 3, Figure 6, was the last of the upstream guide
walls to be tried. The curved wall extending from the upstream edge
of the headworks had 1ts top above water and replaced the sloping bank
of the pool excavaticn. The straight wall across the face of the head-
vorks was a submerged weir with a l-inch lip extending outwards fram its
face. The wall extended to the upstream face of the sluice gate.

When this wall was buillt high enough to prevent the sand from
passing over the top, it caused too great a loss in head and the neces-
sary dischaerge could uot be obtained through the headworks, When the
wall was lowered sufi'iciently to pass the required amount of water, the
sand bed built up to the point where the sand passed over the top and
there was no lmprovement over the original design.

Downstreem Divide Walls

With the failure of the upstream guide walls to show any
improvements over the original design, attention was next directed toward
the use of a divide wall between the slulceway and the overflow weir.

It was felt that such a well would induce a curved flow past the head-
works with the headworks gates on the outside of the curve.




The first such wall tried 1s shown as Chavnge No. &, Figure 6.
On preliminary runs this arrangement showed a marked improvement over
the original design so a complete run at the standard water and sedi-
ment discharges was made with samples being taken at reguler intervals.
During the early part of the run, the area in front of the headworks
began f£illing with sand. During this time, however, the samples showed
approximately equal concentrations in both the sluiceway and heoadworks.
After a few hours of operation, the area in front of the headworks had
filled to the level of the headworks sill, and a roller across the face
of the sill began to form. This roller immediately began scouring a
large hole in front of the headworks and carried the majority of the
sand past the heasdworks to the slulceway.

During the remalnder of the run this roller continued,
reestablishing itself each time the model was started up. The roller
carrled a large part of the bed load sediment at right angles to the
face of the headworks but was not strong enough to carry it the full
distance to the sluiceway. A rather large sand bar was built up
across tne entrance to the slulceway. The samples taken during this

run showed a fatlio of == = 6.629 even though there was a heévy~concen-

C
tration through HeadgatglNo. 1. Figure 14B shows the sand bed in front
of the headworks at the end of this run. The deep scour in front of
the headworks and the bar bullt up across the entrance to the sluilceway
is plainly visible.

After completion of the test with Change No. 4, the model
was operated at a number of discharge combinations with sand added at
irregular intervals. With a total cf 600 cfs flowing thrcugh the
model, the sluice gate was gradually closed and the headgates opened
until the division of the water was 540 cfs diverted through the head-
works and 60 cfs through the sluicewsy. Flow conditions remained approx-
imately the same with this new division of the discharge. The roller,
however, became weaker and the bar across the front of the sluiceway
built up resulting in a slightly higher concentration passing through
Headgates 1 and 2. Upon returning to the 400-200 cfs division of flow
the bar and roller returned to their original condition. With e higher
total discharge through the model, conditions were the same with the
height of the bar across the sluiceway controlled by the discharge
through the slulce gate.

With the results of the previous tests indicating that the
divide wall as used in Change No. U4 was the most satisfactory approach
to the solution of the problem, attention was turned to the aligmment
of the sloping benk of the pool excavation. In &)l test runs made up
to this point the aligmment of the bank of the pool excavation was left
as orlginally designed.




The first revision of this aligmment 1s shown as Change

No. 5, Figure 6. The sloping bank was extended stralght out froam the
heedworks and the divide wall shortened to provide sufficlent area to
pass the required flow. This arrengement proved unsatisfactory. The
reverse curve in the flow pattern resulted in very heavy concentrations
passing through Headgates 4 and 5. The roller notlced in the previous
run vas apparent only in front of Headgates 1 and 2-and even at this
location it was very weak. ‘

The excavation bank was then swung back, Change No. 5A,
cutting off the point which was causing the detrimental reverse curve
in Change No. 5. Thils new aligmment appeared betiter but still was
not &s satisfactory as Change No. 4. Sand distribution appeared to
be aboult equal between the sluiceway and the headworks. No roller
formed end the sand bed in front of the headworks bullt up to the
level of the headworks sill. ’

The model was operated for a short time with Headgates U4
and 5 completely closed and the total diverted flow passing through
Headgates 1, 2, and 3. This system of operation improved the sedimeut
distribution. However, concentrating the flow too much by keeping
same gates closed appeared to increase the turbulence in the flow
through the headworks resulting in a& higher concentration of sand being
carried through as suspended load. Figure 15A shows the condition of
the bed after these tests.

The guide wall was then extended to 67 feet 6 inches, Change
No. 6, Figure 6. The flow conditions for this arrangement appeeared to
be approximately the same as that for Change No. 4. The roller action,
however, was further upstream than previously noted and heavy con-
centrations passed through both Heedgates 1 and 2. The bar across
the face of the slulceway also formed slightly further upstream, being
located between Headgates 1 and 2. The restricted opening between
the bank and divide wall caused an appreciable loss in head for the
600 cfs flow. Therefore, the wall was shortened to 52 feet 6 inches.
The velocity of the water in front of the headworks was much lower and
there was no indication of the roller. There was, however, a dofinite
movement of sand across the face of the headworks toward the sluiceway.
This set up showed enough pramise to warrant a complete run. This run
was made with the standard water and sand discharges and all headworks
ga.tecs opened equally. When the model had reached equilibrium conditions

the Eé ratio equaled 5.129. Flgure 15B shows the conditlon of the sam
bed ab the completion of this run.

After 20 hours' run with standard settings Headgates L4 and
> were completely closed, Headgates 1 and 2 fully upened, and Headgate
3 used for regulation. This ‘set-up resulted in a less favorable sand




distribution than had occurred in the first portion of the run. Head-
gates 1, 2, 3, and 4 were then opened uniformly and Headgate 5 re-
wained closed. Some improvement was noted but the conditions were
still not as favorable as with all gates opened equally.

Fram observations made on runs to thils point it seemed that
the strongest roller formed and the most favorable distribution of the
sand load occuwrred when the flow past the headworks was at a fairly
high velocity. Thus, 1t appeared necessary to narrow the channel
between tihe dlvide wall and headworks as much as possible. To deter-
mine the minimum width of ovening that could be used and still divert
sufficient water to moet canal and slulcing requirements, a tail box
was built below the heasdworks structure to maintain proper tail-water
conditions. It was found that & 37.5-foot opening would pass 1.000
cfs--750 cfs diverted and 250 cfs for sluicing~-with the pool held at
elevation 1639.5 feet. With this wall arrangement, a strong roller
formed and sand distribution was favorable. Therefore, 37.5 feet was
chosen as the minimum distance between the divide well and riprap
embankment.

The arrangement shown as Change No. 7, Figure 6, vas then
installed. Included in this set-up was a vortex tube extending across
the face of the headworks immedletely upstream from the sill., As
originally installed, the tube ended at the left side of Headgate 1.
With this arrangement the vortex inside the tube was very weak and
after only a short period of operation a bar buillt up across -the lower
end of the tube blocking it completely.:'- A closed condult was then
installed on the end of the vortex tube which discharged under the
sluice gate. With this conduilt in place the wortex tube kept itself
clean. Occasionally, a bar would bulld across it but in a very short
time the tube would clean itself out and agaln operate satisfactorily.
A gomple'be run at standard water and sand discharges was made and showed
a -C—E ratio of 7.5. The roller actlon was also present ahead of the
vortex tube. Figure 16A shows the condition of the bed at the com-
pletion of the run. Note the absence of the bar extending into Head-
gate 1 which was present in the mejority of the runs including the
downstream dlvide wall.

The run was then contlnued with the slulce gate blocked
off to give an effective wldth of 10 feet. This arrangement was even

C
more satlsfactory, giving a -C-E of 10.5. Figure 16B shows the bed at
the completion of this run. h

The vortex tube was then removed. The location of the
ftivide well and riprap bank was left unchanged. A run was made using
the usual settings with both a 20- and 10-foot sluice gate width. ‘The

10




action was similar to that in the pgevious run but the sand distribu-

tion was not as satisfactory. The -2 ratio for the 20-foot sluice
gate was 2.92 and for the 1l0-foot gclﬁe 5083.- Figures 1TA and 17B show
the condition of the sand bed at the end of the runs with the 20- and
10-foot gates, respectively.

These runs indicated that the vortex tube and narrow sluice
gate lmproved the sand dilstribution consideraebly. Dus to the necessity
of passing floating debris and other design considerations, these two
features could not, however, be incorporated in the Superior-Courtland
deslign. Further studies along these lines were therefore postponed
until a later date.

Recommended Design

From the results of these tests the arrangement cof the divide
wall and excavation embankment shown on Flgure 5 was recommended as the
most favorable design for the Courtland diversion. Two further test
runs were made on this design. One using only 150 cfs for sluicing

Cc

which gave a .é.E ratio of 1.52 and the second 1n which the sluicing
h

water was cut to 90 cfs with ghe total flow of 600 cfs remaining the

same. This final run gave a —— of 0.94. Figure 18 shows the conditiom
of the bed at the end of these two runs.

TEST RUNS ON SUPERIOR HEADWORKS

The model of the Courtland headworks was then modified to
represent the Superiocr headworks by blocking off four of the five
headgates and changing the aligmment of the excavatlon embankment.

The Courtland headworks tests had shown the desirability of the divide
wall and necessity for as narrov a passage between this wall and the
headworks as possible so tests on this structure were limited to
variations 1in the location of the riprap bank. Due to the necessity
of passing floating debris the width of the passage in this headworks
vas limited to & minimum of 20 feet, the same width as the sluiceway.
Since this wldth was more than enough to pass the amall amount of
vater diverted at this headworks, the slulcewey width was the control-
ling factor.

The model was first run as originally designed and gave a
o of 0.0l4. A plan of this design is shown on Figure 7. Figure 19A
shows the bed at the end of this run.

A divide wall, Change No. 1, Figure T, was then installed.
When thils arrangement was tested, practically the entire flow in the
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model was in a channel down the face of the excavation bank. Very
little flow occurred over the remainder of the model. This condition
can be seen in Figure 10B.

This design showed some improvement over the original design,

c
giving a —= of 0.18. When the model was run at higher discharges, how-

ever, there was a pronounced wave formed where the maln flow struck
the headworks wing wall. To eliminste this condlition the excavation
bank was extended stralght into the headwork wing wall, Change No. 2,
Figure 7. This srrangement improved the comdition in front of the

wing wall and gave a _2_5 equal to 0.64. Figures 20A and 203 show the

bed at the end of the ?un with Change No. 1 and during the run with
Change No. 2 in place. The recoummended design for the Superior head-
works, Change No., 2, 1s shown in Figure 5. No further tests were run
on this design.

ADDITIONAL STUDIES RECOMMENDED

The designs as recommended Iin this report represent a decided
improvement over the original designs. It is felt, however, that with
further Investigation of several possibilities lndicated in these
studles additional improvement can be mads.

The most promising of these possible Improvements is the use
of the vortex tube in commection with canal headworks. At the present
time no definite information is available an the proper size, location,
and shape of the tube for the most favorable operation. Necessary
velocitles over the tute, head on the tube outlet, length of the tube,
and size of material handled sisc need to be determined. Further
studles to ascertain these factors would undoubtedly result in a very
large Improvement in headwork designs for use on a sediment-carrying
stream,

The slze and locatlon of the sluiceway was also iniicated
as a governing factor in the sediment distribution. Narrowing of the
slulceway concentrates the sluicing water, thus producing higher wveloc-
1ties and greater scouring action. The necessity of maintaining a
channel through the upstream pool deposite during periods of no diver-
sion will require & slulceway of a certain capacity. The proper width
to best satisfy both these requirements is another feature requiring
further study. The feasibility of setting the sluiceway sill at an
elevation lower than that of the normal riverbed apnd utilizing the
scowring action of a contraction works should also be investigated.

The most favorable position for the headworks structure in
relation to the sluiceway should be determined. The angle between the
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headworks and sluiceway, position of headworks relative to sluicewsay
gate, and elevation of headwork sill sbove slulceway sill are factors
requiring further study.

Some of this additional information has probably been
determined by other Investigators and will require only a library
research. Most of these problems will, however, require further lab-
oratory studies. A library search of published literature relative
to design of headworks and slulcewsy structures is being carried on
by Mr. E. W. Lane, Consulting Hydraulic Engineer, and will be covered
in & separate report. It 1s recommended that the additional labora-

tory work reguired be accamplished as soon as funds and personnsl are
available.

OPERATING INSTRUCTIONS

The followling operating instructions, based on the hydraulic
model studies, are recommended as a guide to operating persomnel in
order to obtain the best results froam the operation of this structure
from a sediment control standpoint.” Actual observations on the com-
pleted prototype masy indicate same modifications in these procedures.
In order to best determine these changes, records of the amount of
sediment deposited in the canal, sediment load in the river upstream
fram the diversion, and operating procedure followed should be kept
for the first several years the project is in operation.

Any testing or calibration of the headworks gales should
be accomplished as scon as possible after closure of the diversion
dem. These tests will probably cause a wide fluctuation in the pool
elevation and canal discharge, and if these tests can be run before
the pool area has filled with sediment the quantity of sediment drawn
into the canal will be smaller than that which will occur if the tests
are made after the pool area has become £1lled with sediment.

Intermittent slulcing, periodically opening the sluiceway '
gate full o _pen gives 8 the most fa; avorable sediment distripution as indi- 1
Gated by the model ‘studies. Whemever drrigation and capel condltions |
permit, this type of _sluicing “operation should be used. When the %\
gluice gate 1s opened the headworks gates should be closed and the i
entire flow of the river allowed to flow through the sluice gate until i

the pool elevation has dropped to a minimum. The sluicing period
should be alternated between the Cowrtland and Superior headworks,
with only one side being slulced at a time,

In all tests on the model the ratio between the canal and
sluiceway discharges were kept constant for both headworks. It is
felt, however, that in actual operation the available sluicing water
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should be apportionsd between the two sluiceways by checking the
emount of sediment being carried into the canals rather than by the
water discharges. Although the Superior Canal draws approximately
one-fifth the discharge of the Courtland Canal, it will probably re-
qu:Lre a grea.ter proportion of the available slui cigg_xa,;l;_gg_ Additional
Amprovement in the sediment distribution can undoubtedly be obtained
by verying thls apportiomment with changing conditions in the river
flow and sediment deposition.

Two of the main periods during which care should be used in
the settings of the slulce gates are during the recession of flood
flows and the nonirrigation seasons. During either of these periods,
it 1s posslble that one of the channels to the headworks may becoms
blocked by sediment deposits. It is very likely that these channels
can be kept open by proper divislon of slulcing water between the
slulce gates. It may be necessary at times to use the entire avail-
able flow of sluicing water in one sluiceway to maintain the channel.,

Another factor governing the formation of the sediment
deposits behind the diversion works 1s the water-suwrface elevation in
the pocl. The lower this elevation can be carried the lower the sedi-
ment deposit mear the headworks and slulceways will be. It would be
desirable to set the headworks and sluice gate so as to maintain a
pool elevation just sufficient to obtain the proper canal discharge.

The quantity of water diverted should be held as low as

possible and still satisfy lrrigation demands. Any surplus water
‘Tiverted and returned to the river through vasteways will tend to
aggravaete the sediment problem by cerrying 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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B. Model Sand

PHOTOMICROGRAPHS OF MODEL AND PROTOTYPE SARDS
GRID SPACING 1 mm.




Hoadvorks

B. Moasuring Tanks

SAMPLING APPARATUS




B. After Test Run Number 1

COURTLAND HEADWORKS
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B. Chamnel Formed During Run Mumber 1

COURTLAKD HEATWORKS
ORIGINAL DESIGN




B. Genseral shot of bed

Channel scoured during lutermittent sluicing
String grid 15 ft. interval prototype.
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B. Closeup of bed after 21 hours

COURTLAND HEADWORKS
CHANGE NUMBER 1




Closeup of bed after a short run
Change Number 2

Closeup of bed after 15 hours run
Change Number &

COURTLAND HEATUWORKS




Closeup of bed after 6 hours run
Change Number 5A

B. Closeup of bed after 20 hours run
Change Number 6
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