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Subject- Hydreulic model studies of Merritt Dsm Canal outlet works
SUMMARY

Hydraulic model studies of the Merritt Dam Canal outlet works were
conducted on:a 1:16 scale model to develop the hydraulic design of
the outlet works stilling basin eand the canal wave suppressor, ‘
Figure 3. These structures were developed to help provide uniform
flow having a smooth water surface:at the ‘Parshall flume gaging
station located a short distance downstream: from the suppressor.
Tranquil flow conditions in the flume ‘are necessary for accurate
discharge determinations from the staff gage or stilling uell resdings

The studies shoved that the cowcept of the preliminary design,
Figure 11, was good, but that the stilling basin and wave suppressor‘
could be modified to provide better hydraulic performance. ‘More:,
than 22 different schemes were investigated before the best arrsnge-
ment of the atilling basin snd wave suppressor was - established. i

In the recommended design, Figure '6, the center dividing wall in thx
stilling basin was reduced to one-half the apron length and the
dentated end sill was found to be unnecessary. ‘Thus, & more econom-

ical structure resulted -and the hydraulic performance wes not. adverselyae

affected.

The preliminary wave suppressor was of the type recommended in
Hydraulic Leboratory Report No. Hyd-399, having a headwall at the
upstream end of the wave suppressor. In operation, waves were
reflected upstream by the headwall, and at times collided with waves
moving downstream. The resulting wave peaks producedAdisturbances
greater than either of the component waves.

The suppressor was: modified and improved by removing the conventionsl
urstream headwall (leaving only the downstream headwall) and install-
ing a hsnging ‘baffle above the suppressor rocf. The hanging baffle




intercepted and changed the character of the waves formerly reflected

from the headwall., This reduced the peaking upatream from the sup-
pressor and smoothed the water surface in the cenal downstream., The
roof of the suppressor was lowered sufficiently to be effective for
discharges as low as 100 cubic feet per second ’ ‘ ,

The recommended design, Scheme No 13, :I.S shown operat:Lng i_n

Figures 38, 39, and 40. The improvement in performance may be seen
by comparing these photographs with those of the prelim:imarv design,
Figures 12, 13, and 14.
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INTRDDUCTION

Merritt Dam is part of the Missouri River Basin Project It is
located in Nebraske, Figure 1. The dam, Figure 2, has an outlet
works, Figures 3, 4, and 5, to control the. discharge of irrigation
water. Flow is released through two 4- by 4-foot high pressure -
slide gates and is discharged through the - stilling ‘basin before it
enters the dowmnstream concrete-lined canal, The canal is designed
for a capacity of 580 cubic feet per second, however, it is possible
to discharge a maximum of 850 cubic feet per second through one gate
or 1,340 cubic feet per second through both getes fully open with
maximum reservoir elevation, A Parshall flume, installed in the :
canal approximately 210 feet downstream from the end of the horizon-
tal apron of the stilling basin, Figure 6, is used to measure the
discharge. To increase the accuracy of discharge measurements in
the Pershall flume, a wave suppressor was placed between the basin
and the flume to provide a smooth water surfece a't. the gage

THE MODEL

The canal outlet works model, ‘Figures 7 and 8 ig a 1: 16 scale
reproduction of the’ prototype The model included the 4- by 4-foot
high pressure slide gates, the stilling basin; and approximately
117 Teet of canal section extending downstream from the basin. A
wave suppressor was insgtalled in the canal section.

The gate housing was'fconstructed .of ‘sheet mmetal', ~the ‘gate leaves of
brass, Threaded brass rods were used to raige and lower the gate
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leaves to any position. The bagin and the canal were constructed
of plywood except for one wall made from 3/B-inch transparent plas-

~tic. Flow in the basin, under the wave suppressor, and ,:Ln the canal

could thereby be observed through the transparent wall. The wave
suppressor was constructed .of plywood. The preliminary suppressor
wag held in place with screw clamps to make it easily remvable .
Later designs were supported on a center wall ‘

In operating the model, the discharge and the gate openings ‘were

regulated in accordance with the computed curves shown in Figure 9.
These curves ghow the relationship between discharge and gate
opening for one and two-gate operation and include the effect of
bydraulic losses computed from the reservoir water surface to the
gate chamber. To insure maximum test velocities, minimum hydraulic
losses were used in the computations. In ruzming a test, the gate
opening and the discharge were set by the model operator; no con-
sideration was given to the head or pressure in the model gate
chamber. = For one valve operation, the right valve wes used so that
flow in the operating bay could be observed through the transparent
wall. The tail water elevation was regulated in accordance with the
tail water curve for Statiom 19+54.85, Figure 10, located downstream
from the wave suppressor. A staff gage was placed on the wall of
‘the model canal at this station. Stoplogs at the downstream end of
the model were used to regulate the tail water elevation.

" THE INVESTIGATION
The primary purpose of the investigation ‘was to develop the hydraulic
design of the stilling basin and the wave suppressor to provide sat-

isfactory performance for a nde range of operating conditiona

The structures, Figures 4, 5, and 6, were des:.gned for (1) the max-

‘imum discharge of 1,340 ‘cubic feet per second at meximum reservoir

elevation 2949.80 with both gate velves fully open, and (2) 850 cfs
with only one gate valve fully open, Figure 9. At maximum reservoir
elevation, 580 cfs can be discharged “through two. ‘gates approximtely
38 percent open, or through one gate approximately 72 ‘percent open,
Figure 9. Most of the testing was concerned with 580 efs, the
design capacity of the canal, A discharge of 580 cfs through -two
gates open 38 percent provides a Froude number for the flow of 11.9
at Station 17+41.85, Figure 4. This value was determined from
reasurements made in the model and vas wverified by computations.
From the analysis and classification of ‘jumps given in Hydraulic
Laboratory Report No. Hyd-399,1/ it may be expected tha'b for

F =11.9, a good, but rough Jump will occur. :

;/Hyd-.399 "Progress Teport 11--Resea'reh Study on Stilling Besins,
Energy Diseipators end Associated Appurtenances" by J. N, Bradley
and A, J. Peterka




- Preliminary Desigx_l

The bydraulic performance of the preliminary structure Figure 11,
is shown in Figures 12, 13, and 14. The basin was slightly longer
than necessary for 850 cfs through one gate valve fully open end G
was mach longer than necessary for all other discharges. The o . SR
dentated end sill appeared to serve little or no purpose. For all ‘ R
discharges of 500 c:f.‘s or more, ‘the water surface wag rough.

For 580 cfs from two gates 38 percent open’ with the reservoir at
maximum elevation 2949.80, the water surface fluctuated about 8 o
feet on the upstream side of the suppressor and about 9 inches ‘v
{prototype) on the downstream side. Approximately the same wave :
aeights occurred for 580 cfs from one gate 72 percent open at maxi-

mum reservoir, For 100 cfs, the wave suppressor wes inoperative

because the water surface was below the flow surface of the sup-

pressor. Water surface fluctuations were approximetely 6 inches at

the gage when 100 cfs at maximum head was discharging from either:

one or both gates. Fluctuations at the gage were greater than e

desired and atiempts were made, therefore to improve the peri‘ormnce

.of' the suppressor,

Scheme No, 2

In Scheme No. 2, the preliminary design was modified by removing

the dentated end 8ill from the besin, and, in addition, reducing
the length of the center dividing wall to- one-half the length of -
the basin apron. The basin was not shortened as had been indicated
in the tests of the preliminary design because this would have
necessitated lengthening the transition downstream from the basin
Since both are of concrete construction, there would be little, if
any, advantage in moving the start of the transition upstream.

To evaluate the effectiveness of the basin the wave suppressor was .

removed. Thus, there was no interference of reflected waves from

the wave suppressor with waves from the stilling bagin, This v

modified basin performed very well as shown-in Figures 15 , 16, and’

17, Since the basin in Scheme No. 2 would cost less to construct

and did not sacrifice good hydraulic performance, it was used in b -

all succeeding teste and was included in the recommended design. 4

To evaluate the effectiveness of the wave suppressor, tests were = - ‘ ‘
made both with and without the suppressor in place, The hydraulic - v
performance of Scheme No. 2, without the suppressor, is shown in

Figures 15, 16, and 17. Wave heights were recorded at Station

19+54 .85 (downstream from the suppreasor) using an electronic -

measuring device to record water surface fluctuations continuously -

over a period of time, Figure 18. For 100 cfs discharging through




two gates, 6 percent open, the moximum water surface fluetuation
was approximately 5 inches, For the same discharge through one gate
12 percent open, the fluctuation was approximately 6 inches, For
580 cfs discharged through two gates 38 percent open, the fluctua-
‘tion was approximately 30 inches, Maximum wave heights obtained
from visual observations of ‘the staff gage are ghown in Figure 19.
The maximum fluctuations obtained visually agreed very well with
those taken electronically. For 580 cfs through larger gate
openings, at reduced head, the maximum fluctuation was: reduced as -
shown by the visual staff gage record 1n Figure 19,

With the wave suppressor in place, wa'ber surfece fluctuations were
recorded from visual observations made both upstream and downstream
from the suppressor. For 580 cfs at meximum head from either one
or both gates together, waves upstream from the suppressor were
increased to about & feet, Figure 20 because of wave reflectioms
from the suppressor head‘vva.l1 The reflected waves from the sup-
pressor headwall collided with those traveling downstream to create
a wave peak shown in Figure 13B. The waves were reduced to 9 inches
at Station 19+54.8 downstream from the ‘suppressor for either one- -
gate or two-gate operat:.on

Schemes No thro h 22

Many schemes were tested in an at’cempt 1o reduce the water surface

fluctuations at Station 19+54.85 downstream from the suppressor.
Tests were made for discharges of 580 cfs and 100 cfs; each flow
was discharged through both gates at maximum heed. Additional wave
suppressors were installed both upstiream and downstreem from the.
preliminary suppressor, hanging baffle walls were installed in the
basin and in the transition wave suppressor, variations in the. shape
of the wave suppressors were investigated, and baffle piers of
several types were tested in various pos:.t:.ons in the ‘stilling:
bagin. During the tests, water surface fluctuations were either
visually or electronically measured upstream and .downstream from
the suppressor. For schemes: that appeared to be promising, in-at
least some respects, the data were electronically recorded. Most '
of the recorded data is shown in Figures 21 through 37.

The most helpful, and perhaps the simplest modification was the

removal of the upstream headwall of the suppressor, Scheme No, 3,-

Figure 21. Waves and surges could then travel over the roof of the
wave suppressor to the downstream headwall before being -reflected .
upstream. The shallow water above the roof changed the character of

the wave as it moved downstream and the magnitude of the reflected

wave was greatly reduced. Removal:of the headwall resulted in the max-
imum water surface fluctuation:upstream from the suppressor being reduced
from 8 feet to approximately 3.25 feet for 580 cfs discharged a:b




maximim head thiough both: gates 38 percent open, Figure 21. A
second helpful modification was the installation of a hanging baf- .
fle above the wave suppressor, Scheme No, 4, Figure 22, The baf-
fle functioned in two ways; first, it intercepted and broke up the
larger waves and provided an: a.rtificial beach for the smaller
waves, and secondly, it prevented large waves from reflecting
directly upstream. Combined action:of intercepting the wave
moving downstream and delaying the return of the reflected wave
reduced the intensity of the action so that water surface flucetua-
tions were only 2.5 feet, Figure 22, As a result, the fluctuation
downstream from the suppressor was reduced to 7 inches for one-
gate operation and to 2 inches for two-gate operation. -However,
additional improvement was desirable, particularly for discharges
of approximately 150 cfs or less when the wave suppreaeor ‘roof was
above the water surface, .

In Scheme No. 11, Figure 28, the water surface fluctuation resulting
from 580 cfs through one gate was reduced to 5 inches by using a
longer and flatter hanging baffle then had been used in Scheme No AN
A second hanging baffle located upstream from the suppressor was
used in Scheme No, 15, Figures 30 and 31, to:obtain: improvedper-v ‘
formance, The 'adventage of this design was that thff“sloping baffle
could be extended downward into the flow to suppréss waves for all
discharges. For 100 cfs from two gates 6 percent open, the fluctua-
tion was reduced to approximately 1/4 inch on the downstream side
of the suppressor. However, for 580 cfs, Scheme No, 15 was not as
effective as were Schemes No, 19 and 21, Figures 32 and 34, respec-
tively, and for discharges greater than 580 efs up to the maximum -
possible flow of 1,340 cfs, waves in the canal upstream from the
suppressor overtopped the training walls more frequently and to a
greater extent than in Schemes No. 19 and 21 Compare Figures 31,

Baffle piers were: placed in the stilling bas:!.n in Scheme No. 19,
Figures 32 and 33, and the wave suppressor was lowered 6 inches,

For this scheme, the maximum fluctuation downstream from the auppres-
sor for 100 .cfs.(discharging from two gates 6 percent open) was
reduced to approximately 1 inch, and for 580 cfs (discharged from
one gate 72 percent open) to 4 inches. Chute blocks were added to
the bagin in Scheme No. 21, Figures 34 and 35. The chute blocks
helped to redue the waves in the basin for the larger flows, but
were the cause of water surface roughness in the bagin for the
smaller flows.

Recommended Design, Scheme No, 12

The hydraulic performance. of the recommended design 5 Figure 36, is
shown in Figures 37, 38, and 39 for diacherges of 1,340, 850 580




and 100 efe, Performance was improved .over the preliminary design,
particularly for 580 cfs, :since waves:did not reflect upstream to

peak with those traveling downsiream-as ‘oceurred ‘inthe prelimina.ry
design, Compare Figures 3’7 38, and 39 with Figures 12, 13, and 14.

The stilling basgin- performed .very ‘well in di;:sipating the : energ'y in
the flow from the slide gates. Even for the unusual maximm pos-
gible flows of 1,340 cfs from two gates 100 percent open or. 850 efs
from one gate lOO percent open, the basin was adequate. 'The length
of the cemter dividing wall was 32/feet, compared to 45 feet in the
preliminary design and the dentated end sill in the preliminary
design was eliminated. Water surface profiles in the basin were
measured from the photograph in Figure 38B for the gtructural design
of the center dividing wall. It was recommerded that'the actual
depth of water in the upstream portion of the basin as measured in
the photograph be reduced by 33 percent due to air entrainment. On
the other side of the dividing wall, water stood at tail water
elevation since only the one valve was" operating to represent the
severest operating condition ;

Waves upstream from the suppressor were recorded by observing and
marking on the left training wall maximum and minimum water surfaece
fluctuations for discharges of 580 cfs, 850 cfs, and 1,340 cfs as
shown in Figure 40. For 580 cfs, the water surface did not reach
the top of the training walls, but for 850 cfs ‘from one gate or
1,340 efs from two gates, waves sometimes did extend 1 to 2 feet

higher than the top of the wall. The wall heights should ‘be
increased or an overhang constructed if it is desirable to ‘prevent: e

flow over the wall for these unusual operating' -eonditions.

The refinements made in Schemes No. 15, 19, a.nd 21 reduced the
maximum water surface fluetuations downstream from the wave sup-
presor for some discharges as described above, however, the slight
improvement : afforded by these schemes did not warrant their cost.
Therefore, Scheme No. 13 in Figures 36-and 41 was recommended for
field construction - 'This scheme utillized.a wsve SuUppressor . quite
similar to the one described for Scheme 'No. 4 except that the

- hanging baffle was longer and was placed at.a flatter angle,

the suppressor was placed 6 inches lower to be effective for dis-
charges down to about 100 cfs, 'The hydraulic performance of this
scheme was identical to that deseribed for Scheme :No, 4, page O.
However, Scheme No. 13 provided even more 1mpn::vement over the: pre-
limipary design than did Scheme No. 4.

The water surface fluctuations downstream from the wave suppressor ‘
at Station 19+54.85 were recroded by means of an:electronic device
and are shown in Figure 41 for discharges of 100 efs and 580 cfs.
The maximum water surface fluctuations downstream from the ‘suppres-.
sor were:

\‘7‘!
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‘1 'inch for _12100 efs 'z?’from‘ftio gates ’6persent open , g i
3 dnches for 100 cfsifrom:one :gate 12 percent ‘open, . . -

3 inches for 580 cfs. from'two:gates 38 percent open, amd
9 inghes for 580 efs from ane gate 72 percemt open.’
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