


FOREWORD

The hydraulic model studies reported herein
were conducted in the Hydraulic Laboratory, Commissioner's
Office, Bureau of Reclamation, Denver, Colorado, during
the period January through July 1956.

The designs and studies were made in coopera-
tion with the Canals and Headworks Section, Canals Branch.
Messrs. A. W. Kidder, H, E. White, J. A. Hufferd, and
R. D. Ridinger of the Canals Branch visited the laboratory
on numerous occasions and made many helpful suggestions.

The studies were made by T. J. Rhone and G. R,
Logan under the supervision of E. J. Carlson.
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Commissioner's Office-<Denver Laboratory Report No. Hyd-419
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Denver, Colorado Submitted by: H. M. Martin

February 21, 1957

HYDRAULIC MODEL STUDIES TO DEVELOP A SEDIMENT CONTROL
ARRANGEMENT FOR ANGOSTURA DIVERSION--MIDDLE
RIO GRANDE PROJECT, NEW MEXICO

SUMMARY

The model studies were conducted to determine & method of
reducing the amount of bedload sediment that was entering the headworks
of Albuquerque Main Canal.

. Injitial tests, made to duplicate the prototype action and to
set a basis for comparing the effectiveness of all modificatioms,
showed that a ratio of the concentration of sediment in the flow
through the river sluiceway to the concentration of sediment in the
headworks flow was 0.17. Addition of an overhanging sill in front of
the headworks entrance, Figure 6A, increased this ratio to 0.87. A
curved approach channel 48-1/2 feet wide used in conjunction with the
overhanging sill, Figure 12, increased the ratio to 2.62.

Further tests were made to determine the most effective width
for the curved approach channel and the effectiveness of using a vortex
tube in front of the last bay. The tests showed that it was possible
with a combination of a narrow curved approach channel, overhanging sill,
and vortex tube to increase the sediment concentration ratio to 97.54.
However, in order to present modifications that were more practical to
construct, a design was recommended, Figure 23, that resulted in a
sediment concentration ratio of 41.08 when the vortex tube was in
operation and 5.42 when the vortex tube was closed.

Other recommendations evolved from the model study are:

(1) Whenever water is being diverted into the canal, the gates
in all four bays of the headworks should be opened equally.
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(2) The river sluiceway should be open to pass water at all
times and whenever possible the quantity should not be less than
150 cfs.

(3) In the recommended modifications, Figure 23, the width of the
river sluiceway has been reduced by one-half. Although no tests were
made with two sluice gates, it is recommended that radial gates be
.furnished for both sides of the sluiceway so that the cutside section
can be opened to remove sediment deposits between the existing guide
wall and the new gulde wall.

(4) The sluice gates should be left open during the receding
part of a flood to prevent sediment depositing in the channel between
the guide walls.

(5) Due to the small available head, if a vortex tube is used,
flow through the tube should be induced by means of a sediment pump
capable of pumping 20 cfe against 15 feet of head.

(6) The sediment pump should be in operation whenever water is
being diverted through the headworks and also at regular intervals
vhen water is not being diverted in order to clear the vortex tube of
any sediment that might settle from the suspended load.

INTRODUCTION

The Angostura Diversion Works is located on the Rio Grande
20 miles northeast of Albuquerque, New Mexico, Figure 1.

The diversion workes comsist of a low diversion dam across the
river, & headworks structure thet diverts water into the Albuquerque Main
Canal and a river sluiceway between the headworks and the diversion dam,
Figure 2.

The structure has been in operation several years and in that
time the sedimentation problem has become quite acute. A settling channel
downstream from the headworks has became practically useless becsuse of
heavy sediment deposits. Sediment already removed from this channel has
been piled on both banks and the available storage space has diminished
to such an extent that in the future it will become increasingly difficult
to store sediment from the channel.

The investigations described in this report were concerned
with reducing the amount of bedload sediment entering the diversion
vorks.
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THE MODEL

The model was constructed to a scale of 1 to 10 and included the
turnout structure or headworks, the river sluiceway, and a small area of
the Rio Grande, Figure 3. All of the structures of the diversion works
were reproduced in wood with the exception of radial gates in the headworks
and sluiceway which were constructed from galvanized sheet metal.

Two types of sand were available which could be used to
represent the prototype river sand. These were & white silica sand with
a mean diameter of 0.2 mm with 90 percent between the No. 4O and No. 200
Tyler Standard Screens; the second was a coarser sand commonly used in
the laboratory with & median diameter of approximately 0.8 mm with 90
percent between the No. 8 and No. 200 Tyler Standard Screens. The labora-
tory sands were compared to the prototype sediment on the dbasis of fall
velocity. A representative sample of the bedload sediment that had been
removed from the headworks settling basin was used for the comparison.
The fall velocity of this material was reduced by the square root of the
model scale and this curve compared to the fall velocity curves of the
tvo types of laboratory sand. Since the investigation was concerned with
the bedload, it was decided that the coarser laboratory sand should be
used to represent the prototype sediment. :

Water was supplied to the model from the laboratory supply
channel through a portable pump and measured by an orifice venturi meter.
The quantity of flow through the river sluiceway was determined by a
calibrated slide gate placed downstream from the sluiceway radial gate.
The slide gate also served to provide a backwater downstream from the
radial gate to simulate the prototype conditions. The quantity of flow
through the headworks was determined by subtracting the sluiceway
discharge from the total inflow.

The sand that passed through the headworks and river sluiceway
was carried downstream to a sand trap and from there recirculated to the
upstream end of the head box by a small sand pump, Figure 3, thus there
was slways & constant supply of sand entering the flow upstream from the
diversion works. The flow through the sand pump was measured by a 2-inch
venturi meter. :

Water surface elevations were determined from staff gages
placed at critical points.

Sediment concentrations in the flow through the headwo
: rks and
river sluiceway were obtained as one method of determining the effective-
ness of various' alterations. The concentrations were determined by
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passing & collecting trough through the nappe of the flow from the
sluiceway and headworks. These samples were collected in tanks calibrated
to read the volume in liters. The sediment in the sample settled to the
bottom of the tank into a removable glass funnel. The sand was removed
from the funnel and poured into calibrated glass cones from which the
amount of sand in grams could be read directly and the concentration
computed without further conversion of the data.

METHOD OF OPERATION

In order to maintain uniform conditions so that all modifica-
tions could be judged on the same basis and to reduce the number of
variables and simplify the testing, the following conditioms were
maintained for all tests unless otherwise noted:

(1) Only one discharge was used for all tests. This was 650
cfs with 500 cfs diverted into the headworks amnd 150 cfs through
the river sluiceway.

(2) The water surface elevation was maintained at elevation
5084.25 as measured on a staff gage placed on the left wall just
upstream from the sluiceway radial gate.

(3) The radial gates in all four bays of the headworks were
opzned equally.

() The quantity of flow through the river sluiceway was
regulated by the slide gate downstream from the radial gate,
however, the radial gate was closed sufficiently to induce approxi-
mately a 1/2-foot head loss across the gate in order to duplicate
the prototype condition.

Generally spesking, all model modifications were tested in the
following manner. After a modification had been installed, the sand bed
upstream from the structure was leveled. A discharge representing 650
cfs was turned into the model; as soon as the box was filled, the river
sluiceway gate was opened sufficiently to pass a discharge of 150 cfs.
The gates of the headworks structure were then equally opened so that
the remaining flow would pass through them and maintain the water sur-
face elevation in front of the sluiceway at elevation 5084.25. The
sand pump was next turned on in order to insure a resupply of sediment.
Care was taken at all times to insure that the combined flow of the two
pumps did not exceed 650 cfs and that the water surface elevation remained
constant. '
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The model was operated under these conditions for a period of
between 12 to 2k hours in order to establish an equilibrium condition
in the sand bed movement. After a state of equilibrium was attained,
sand-water samples were taken at l5-minute intervals for the next 5 to
T hours. The average of the sediment concentration in these samples was
used to compute a ratio, cs/cH, between the sand concentration in the
sluiceway flow and the sand concentration in the headworks flow. This
ratio was used as a measure of the effectiveness of a modification in
excluding sediment from the turnout or headworks structure.

THE INVESTIGATION

Preliminary Design, Test No. 1

. The initial test was made with the preliminary or existing
design installed, Figure 4. This test was the longest in duration of the
series and extended for .55 hours. After the first 23 hours, sediment
concentration samples were taken at intervals for the next 8 hours. After
an additional 1l6-hour run, sediment concentration samples were again
obtained over an 8-hour period. This proportion of sampling periods to
running time was maintained for the duration of the test.

The average sediment concentration ratio for this test was
Cs/CH = 0.17. The appearance of the sand bed in front of the turnouts
after this test is shown in Figure 5.

Overhanging Sill or Corbel, Test No. 2

For the first modification an overhanging sill or corbel was
placed in front of all four bays of the entrance of the turnout structure,
Figure 6A. The principle of the sill was that the sharp leading edge and
the sloped undersurface of the overhang would induce secondary currents
and eddies that would move the bedload away from the turnout entrance and
on downstream toward the sluiceway.

The overhanging sill was an improvement over the preliminary
design. The test was run for 48-1/2 hours and sediment concentration
samples were obtained at intervals during the 24th to 31lst hours and
during the final 2 hours of operation. The average sediment concentra-
tion ratio for this test was Cg/Cy = 0.87. The appearance of the sand
bed after this test is ‘shown on Figure 7.

Zigzag Overhanging Sill, Test No. 3

For this test the same sill was used but instead of being
placed in a straight line in front of the turnout it was placed in a
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zigzag pattern, Figure 6B. It was thought that the zigzag effect would
induce more secondary currents and eddies and result in a more efficient
sediment exclusion. However, after a comparatively short run it became
apparent from visual observations that this setup was not an improvement
over the previous modification and the test was discontinued.

Zigzag Overhanging Sill and Curved Approach Channel, Test No. L

For this test the overhanging sill placed in a zigzag pattern
was not removed. In addition to the sill, parallel walls 48-1/2 feet
apart were placed upstream from the headworks so that they formed a
curved approach channel leading to the headworks, Figure 8. The tops of
the walls were at elevation 5086. The principle involved was that when
the flow was guided by the walls the curvature would keep the larger
portion of the sediment on the inside of the curve and away from the
headworks entrance. Investigations have been performed in the laboratory
using curved walls to control sediment deposition and they were found to
be very effective.¥

This test was run for 21-1/2 hours and sediment concentration
samples obtained during the final 2-1/2 hours. The curved approach
channel was a great improvement over the previous tests as shown by the
average ratio Cg/Cy = 2.64. The appearance of the sand bed after this
test is shown on Figure 9.

Vertical Wall at Headworks Entrance, Test No. 5

The designers felt that an overhanging sill would involve an
expensive construction outlay, especially if it were to be placed in a
zigzag pattern. It had already been demonstrated that the zigzag pattern
did not materially increase the sediment exclusion features of the over-
hanging sill. Therefore, this test was run to determine whether an
overhanging sill was necessary or whether a vertical wall served the

¥iydraulic Laboratory Report No. Hyd-275 "Hydraulic Model
Studies of Superior-Courtland Diversion Dam, Headworks, and Sluiceway
Structures~-Progress Report No. 1 on General Studies of Headworks and
Sluiceway Structures."

- Hydraulic Laboratory Report No. Hyd-316 "Hydraulic Model
Studies of Republic Diversion Dam, Headworks and Sluiceway Structures--
Progress Report No. 2 on General Studies of Headworks and Sluiceway
Studies."

Hydraulic Laboratory Report No. Hyd-384 "Hydraulic Model

Studies of Bartley Diversion Dam--Progress Report No. 3 on General
Studies of Headworks and Sluiceway Structures, Missouri River Basin
Project, Nebraska."
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purpose. For this modification the overhanging sill was replaced with a
vertical wall set in front of all four bays of the turnout structure.
The top of the vertical wall was at the same elevation as the tip of the
overhanging sill. The h8-l/2-foot-w1de curved approach channel was also
included as a part of this modification, Figure 10.

This test was run for 31 hours and sediment concentration
samples were obtained during the final 7 hours. The average sediment
concentration ratio during this test was Cg/Cg = 0.68. This was a
considerable decrease from the previous tests indicating that the
overhanging sill was important in obtaining good sediment exclusion.

Figure 11 shows the sand bed at the conclusion of this test.

Overhanging Sill, Narrow Sluiceway, Test No. 6

The curved approach channel lost its effectiveness at about the
entrance of the third bay of the headworks. In an attempt to extend the
effectiveness of the channel, the zigzag overhanging sill was replaced
with a straight overhanging sill in front of the first two bays and in
front of the last two bays the overhanging sill diverged from the
entrance of the turnout to the middle of the river sluiceway. The left
half of the sluiceway was blocked off so that all of the flow had to
pass through the right half, Figure 12.

After a l6-hour test run the average sand concentration ratio
was Cg/Cy = 1.06. This was a better ratio than that of the existing
structure but fell far short of being as effective as the modifications
of Test No. 4. The appearance of the sand bed at the conclusion of this
test is shown on Figure 13.

Approach Channel 40-feet Wide, Test No. 7

The next step in the investigation was to reduce the width of
the approach channel to 40 feet, Figure 1li. It was thought that the
increased velocity through the narrower channel might extend the
effectiveness of the curve farther downstream.

. This test was run for 23 hours and sediment concentration
samples teken during the last 5 hours showed the ratio Cg/CH = 2.98. The
appearance of the sand bed at the end of this test is shown on Figure 15.

Right Half of Sluiceway Closed, Test No. 8

Although the results of Test No. 7 were the most promising that
hed been attained to date, it was thought that even better results could
be attained by further changes to the approach channel. The next
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modification, accordingly, was to place the overhanging sill in a
straight line at the entrances of all four bays of the turnout struc-
ture. In addition, the right side approach wall was converged downstream
to the sluiceway so that at the upstream end of the headworks the channel
was 40-feet wide and at the downstream end was one-half the width of the
sluiceway, also the right half of the sluiceway was blocked off so that
all of the flow passed through the left half, Figure 16. The reasoning
for this being that the increased velocity along the overhanging sill
should increase the effectiveness of the sill.

This test was run for 24 hours and sand concentration samples
taken during the last 6 hours resulted in an average ratio of Cg/Cy =
6.79. The appearance of the sand bed after this test is shown by
Figure 17.

Flow Through Three Bays, Test No. 9

Visual observation of the bedload movement in the previous test
indicated that after the channel had reached equilibrium, all of the
bedload that went into the headworks entered through the fourth bay.
There seemed to be three methods of further reducing the amount of sedi-
ment moving into the fourth bay of the headworks. The first method was
to increase the amount of sluicing water; short tests showed that this
did reduce the amount of sediment entering the headworks but since the
extra sluicing water was available only a small percentage of the time,
other means of eliminating the sediment were tried.

The second method of reducing the amount of sediment entering
through the fourth bay was to close the gate of this bay and to open the
other three gates sufficiently to pass the 500 cfs without raising the
water surface elevation above 5084.25. The operating time for this test
was 25 hours and sand concentration samples taken during the last 3 hours
resulted in the ratio Cg/CH = 0.39. Since this modification resulted in
a sediment concentration ratio almost as poor as for the existing design,
it was apparent that all four bays of the headworks had to be open in
order to obtain good action with the sediment excluder. Figure 18 shows
the appearance of the sand bed after this test.

Vortex Tubes, Tests No. 10 and 1l

The third method tried for reducing the amount of sediment
entering the fourth bay of the headworks was use a vortex tube in
conjunction with the modifications described It Test No. 8. The vortex
tubes were placed in front of the fourth bay at the leading edge of the
overhanging sill, Figure 19. The vortex tubes were patterned after tubes
that had previously been found to be effective in sediment removal.
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However, the aligmment of the tube with respect to the direction of flow
was not the most desirable but was the best possible without interfering
with the sluiceway flow.

The first vortex tube tested had & constant area for the full
length. After a 29-hour test run sediment concentration samples gave
the ratio Cg/Cg = 32.98. Without the vortex tube the ratio for this
model setup was 6.79. This represented a very large improvement and was
accomplished with the downstream one-third of the tube covered. The tube
was covered in order to make the upstream portion more effective since
the model tube was capeble of discharging only 10 cfs, and apparently at
least 15 cfs would be necessary to make the tube effective along its full

length.

‘ The second vortex tube tested diverged in width from one end
to the other in such a manner that the downstream end had about a 50
percent greater cross sectional area than the upstream end, Figure 19.
Sediment concentration samples taken during two 5-hour intervals during
a 53-hour test run showed the ratio CS/CH = 3.57. This was much poorer
than the same model setup with the first vortex tube probably because
the vortex could not draw a sufficient amount of water to carry off the
sand and since the height or bulk of the tube prevented the overhanging
sill from exerting its action to keep the sand moving downstream, the
sediment was building up behind the tube and moving into the fourth bay
of the headworks. The same buildup had been noticed with the constant
width vortex tube but there was sufficient discharge through the tube
to carry off the sediment.

Figure 20 shows the sand bed in front of the headworks after
the tests with the vortex tubes.

Approach Channel 30-feet Wide, '.l‘est No. 12

Test No. 12 was run to determine the effect of a further reduc-
tion in the width of the approach channel. The width of the channel was
reduced from 40 to 30 feet, Figure 21. For expediency the main portion of
the model remained the same as for Test No. 11, including the operation of
the tapered vortex tube.

The increased velocity caused by the narrower channel resulted
in very excellent sediment exclusion. Sediment concerntration samples
taken during the last 5 hours of a 29-hour test run showed an average
ratio Cg/CH = 97.54. This was by far the best result that had been
obtained and when compared to the ratio of the first test where the
ratio was Cg/Cg = 0.17, the value or efficiency of the sediment excluder
can readily be seen. Figure 22 shows the appearance of the sand bed
after this test.
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RECOMMENDED MODIFICATION, TEST NO. 13

It was decided that it would be impractical to construct the
prototype structure similar to the model as tested in Test No. 12, where
the vortex tube was in front of the leading edge of the overhanging sill.
Therefore, the modifications were reinstalled in the model similar to the
form they would have in the prototype.

The complete setup for the recommended modifications was: an
overhanging sill in front of all four bays, a curved approach channel 30-
feet wide leading to the headworks, and the right half of the river
sluiceway shut off with a wall on the right side converging from the
approach channel wall to the sluiceway wall; the tops of all walls were
at elevation 5086.0. In addition to the above, a constant area vortex
tube was installed in the overhanging sill in the last bay only, Figure

23.

After a 2L-hour operating period, during which the channel bed
stabilized, sediment concentration samples were obtained for two different
conditions. First, the samples were obtained during a 2-hour period with
the vortex tube operating, secondly, the vortex tube was plugged at its
exit and sediment concentration samples taken at intervals for 3 hours.
The sediment concentration samples showed that with the vortex tube open,
Cg/Cy = 41.08, and with the vortex tube closed, Cg/Cy = 5.42. Although
these ratios are not quite as good as for Test No. 12 and Test No. 8,
respectively, they are considerably better than the existing design.
Figure 24 shows the appearance of the sand bed after these tests.

The effectiveness of the sediment excluder is shown in the
following computaetions:

Let Cp = total average sediment concentration for the bedload
upstream from the approach channel. .All concen-
trations are in parts per million -

average sediment concentration in fﬁéw 1n,hea§works

average sediment concentration in fioﬁ in sluiceway

Cy

Cs

For the discharge relations used in the model; 650 cfs total, 150 cfs
through sluiceway, 500 cfs through headworks.

(A) Existing design
Cg/Cy = 0.17

0.17 Cy

Cs

10
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150 Cg + 500 Cg = 650 Cp
150 (0.17 Cg) + 500 Cy = 650 Cp
525.5 Cg = 650 Crp
Cg = 1.2k Cp
(B) Recommended design (without vortex tuioe)
Cg/Cy = 5.k2
Cg = 5.42 Cg
150 Cg + 500 Cg = 650 Crp
150 (5.42 Cy) + 500 Cy = 650 Cp
1313.0 Cg = 650 Cp
Cq = 0.50 Cp
(C) Recommended design (with vortex tube)
Cg/Cq = 41.08
Cg = 41.08 cy
150 Cg + 500 Cg = 650 Cp
150 (41.08 Cy) + 500 Cg = 650 Cp
Cy = 0.10 Cp

To summarize, assuming the sediment concentration in the river
is 1,000 ppu: with the existing design the sediment concentration in the
headworks is 1,240 ppm; with the recommended modifications and no vortex
tube the concentration would be 500 ppm; and with the recommended
modifications and the vortex tube the concentration would be 100 ppm.

. In order for the vortex tube to be effective in the prototype
structure it must be able to discharge between 15 and 20 cfs. At this
location it would not be possible to obtain sufficient natural head to
draw this much water; the vortex tube would have to be connected to a
sediment pump capable of pumping 20 cfs against 15 feet of head. This
pump should be operating at all times when water is being diverted into
the headworks.

11
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Head Loss

When the flow was channeled between the curved walls there was
8 slope in the water surface, or head loss, that varied with the dis-
tance between the walls. In the model the magnitude of the slope was
determined by measuring the difference in elevation of the water surface
on each side of the right approach wall near the river sluiceway. Since
the water was not flowing on the outside of the wall, this was comparable
in the prototype to finding the slope of the water surface in the approach
channel from the entrance downstream to the river-sluiceway. Of course,
the absolute elevation will depend on the actual water surface elevation
at the approach channel entrance. The difference in elevation as
determined from the model is listed below for the three widths tested.

Width Change in elevation
feet feet
48.5 0.40
4.0 0.65
30.0 1.00

Sand Bed Movement

Whenever any of the tests first started there was considerably
greater difference in water surface elevation than shown in the above
table, however, after a few hours' operation the sand bed would become
stabilized and the head loss become consistent. During the period the
channel was becoming stabilized, the sand would move into all four bays
of the headworks and progressively, as the channel bed leveled off, the
sand stopped entering Bays 1, 2, and 3. The slopes of the channel beds
for various tests are shown in Figure 27; generally speaking, the slope
of the channel bed corresponds to the slope of the water surface. In
keeping with the theory of the curved walls, the sand bed at the outside
.of the curve is at a lower elevation than the sand bed of the inside of
the curve once the "roping" action of the curve becomes effective.
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Figure §

Looking downstream into headworks entrance.

Looking downstream toward river sluiceway.

Sand Bed After 55-hour Test Run.
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Figure 7

Looking downstream into headworks entrance.

Looking downstream toward river sluiceway,

Sand Bed After 48%-hour-Test Run.
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FIGURE 8
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Looking downstream into headworks entrance.

Looking downstream toward river sluiceway.

Looking upstream from river sluiceway.

Sand Bed After 21%-hour Test Run.
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Figure 11

Looking downstream into headworks entrance,

Looking downstream toward river sluiceway.

Sand Bed After 31-hour Test Run.
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Figure 13

Looking downstream into headworks entrance.

‘Looking downstream toward river sluiceway.

Sand Bed After 16-hour Test Run.
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Figure 15

Looking downstream into headworks entrance.

Looking downstream toward river sluiceway.

Sand Bed After 23-hour Test Run.
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Figure 17

Looking downstream into headworks entrance.

Looking downstream toward river sluiceway.

Sand Bed After 24-hour Test Run.
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Figure 18

Looking downstream into headworks entrance.

Looking downstream toward river sluiceway.

Sand Bed After 25-hour Test Run.
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Figure 20

Looking downstream into headworks entrance.

Looking downstream toward river sluiceway.

Sand Bed After 29-hours Operation For Test No.
and 53 -hours Operation For Test No. 11,
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Figure 22

Looking downstream into headworks entrance.

Looking downstream toward river sluiceway.

Sand Bed After 29-hour Test Run.
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Figure 24

I.ooking downstream into headworks entrance.

Looking downstream toward river sluiceway.

Looking upstream from river sluiceway.

Sand Bed After 29-hour Test Run.
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