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Hydraulic Structures and Submitted by: H. M. Martin

Equipment Section
Denver, Colorado
August 17, 1961

Subject: Hydraulic model studies of Merritt Dam 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 and 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 well readings.

The studies showed that the concept of the preliminary design,
Figure 11, was good, but that the :8tilling basin and wave suppressor
could be modified to provide better hydraulic performance. More
than 22 different schemes were investigated before the best arrange-
ment of the stilling basin and wave suppressor was established.

In the recommended design, Figure 6, the center dividing wall in the
stilling basin was reduced to one-half the apron length and the
dentated end sill was found to be unnecessary. Thus, a more econom-
ical structure resulted and the hydraulic performance was not adversely
affected.

The preliminary wave suppressor was of the type recommended in
Hydraulic Laboratory 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 produced disturbances
greater than either of the component waves.

The suppressor was modified and improved by removing the conventional
upstream headwall (leaving only the downstream headwall) and instell-
ing a hanging baffle above the suppressor roof. The hanging baffle
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intercepted and changed the character of the waves formerly reflected
from the headwall. This reduced the peaking upstream from the sup-
pressor and smoothed the water surface in the canal downstream. The
roof of the suppressor was lowered sufficiently to be effective for
discharges as low ag 100 cubic feet per second.

The recommended design, Scheme No. 13, is shown operating in
Figures 38, 39, and 40. The improvement in performance may be seen
by comparing these photographs with those of the preliminary design,
Figures 12, 13, and 14.

ACKNOWLEDGMENT

The final plans evolved from this study were developed through the
cooperation of the staffs of the Spillway and Outlet Works Section,
the Canals and Pipeline Section, and the Hydraulic Laboratory.

Model tests were conducted during the period May 1959 to July 1959.

INTRODUCTION

Merritt Dam is part of the Missouri River Basin Project. It is
located in Nebraska, 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 downstream 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 gates 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 Parshall flume, a wave suppressor was placed between the basin
and the flume to provide a smooth water surface at the gage.

THE MDDEL

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 feet of canal section extending downstream from the basin, A
wave suppressor was installed in the canal section.

The gate housing was constructed of sheet metal, the gate leaves of
brass. Threaded brass rods were used to raise and lower the gate
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leaves to any position. The basin and the canal were constructed
of plywood except for one wall made from 3/8-inch transparent plas-
tic. Flow in the basin, under the wave suppressor, and in the canal
could thereby be observed through the transparent wall. The wave
suppressor was constructed of plywood. The preliminary suppressor
was held in place with screw clamps to make it easily removable.
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 show the relationship between discharge and gate
opening for one and two-gate operation and include the effect of
hydraulic 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 running 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 was 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 Station 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 wide range of operating conditionms,

The structures, Figures 4, 5, and 6, were designed for (1) the max-
imum discharge of 1,340 cubic feet per second at maximum reservoir
elevation 2949.80 with both gate valves 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 approximately
38 percent open, or through one gate approximately 72 percent open,
Figure 9. Most of the testing was concerned with 580 cfs, the
design capacity of the canal. A discharge of 580 c¢fs 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
measurements made in the model and was verified by computations.
From the analysis and classification of jumps given in Hydraulic
Laboratory Report No. Hyd-399,1/ it may be expected that for

F = 11,9, a good, but rough jump will occur.

1/Hyd-399 "Progress Report II--Research Study on Stilling Basins,
Energy Dissipators and Associated Appurtenances" by J. N, Bradley
and A, J. Peterka.
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Preli_m Design

The hydraulic performence 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 and
was much longer than necessary for all other discharges. The
dentated end sill appeared to serve little or no purpose, For all
discharges of 500 cfs or more, the water surface was rough.

For 580 cfs from two gates 38 pertent open with the reservoir at
maximum elevation 2949.80, the water surface fluctuated about 8
feet on the upstream side of the suppressor and about 9 inches
{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 was inoperative
because the water surface was below the flow surface of the sup-
pressor, Water surface fluctuations were approximately 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
desired and attempts were made, therefore, to improve the performance
of the suppressor.

Scheme No, 2

In Scheme No. 2, the preliminary design was modified by removing
the dentated end sill from the bagin, 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 weve suppressor with waves from the stilling basin. This
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
all succeeding tests and was included in the recommended design.

To evaluate the effectiveness of the wave suppressor, tests were _
made both with and without the suppressor in place. The hydraulic
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 suppressor) using an electronic
measuring device to record water surface fluctuations continuously
over a period of time, Figure 18. For 100 cfs discharging through
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two gates, 6 percent open, the maximum water surface fluctuation
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 shown 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 visusl staff gage record in Figure 19.

With the wave suppressor in place, water surface fluctuations were
recorded from visual observations made both upstream and downstream
from the suppressor. For 580 cfs at maximum head from either one
or both gates together, waves upstreem from the suppressor were
increased to about 8 feet, Figure 20 because of wave reflections
from the suppressor headwall. 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 operation.

Schemes No, 3 through 22

Meny schemes were tested in an attempt to 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 head. Additional wave
suppressors were installed both upstream and downstream 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 positions in the stilling
basin., 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 at
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maximum head through 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 end provided an artificial 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 fluctua-
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 suppressor 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 than had béen used in Scheme No, 4.
A second hanging baffle located upstream from the suppressor was
used in Scheme No. 15, Figures 30 and 31, to obtain improvedper-
formance, The advantage of this design was that the sloping baffle
could be extended downward into the flow to suppress 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 cfs 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
%eater extent than in Schemes No, 19 and 21. Compare Figures 31,

, and 35,

Baffle piers were placed in the stilling basin 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 suppres-
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 basin in Scheme No. 21, Figures 34 and 35, The chute blocks
helped to reduce the waves in the basin for the larger flows, but
were the cause of water surface roughness in the basin for the
smaller flows.

Recommended Design, Scheme No, 13

The hydraulic performance of the recommended design, Figure 36, is
shown in Figures 37, 38, and 39 for discharges of 1,340, 850, 580,
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and 100 efs., Performance was improved over the preliminary design,
particularly for 580 cfs, since waves did not reflect upstream to

peak with those traveling downstream as occurred in the preliminary
design. Compare Figures 37, 38, and 39 with Figures 12, 13, and 14.

The stilling basin performed very well in dissipating the energy in
the flow from the slide gates. Even for the unusual maximum pos-
sible flows of 1,340 cfs from two gates 100 percent open or 850 cfs
from one gate 100 percent open, the basin was adequate. The length
of the center 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 structural design
of the center dividing wall. It was recommended 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 conditiom.

Waves upstream from the suppressor were recorded by observing and
marking on the left training wall meximum and minimum water surface
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 cfs 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
flow over the wall for these unusual operating conditions.

The refinements made in Schemes No. 15, 19, and 21 reduced the
maximum water surface fluctuations 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 utilized a wave suppressor quite
similar to the one described for Scheme No. 4 except that the
hanging baffle was longer and was placed at a flatter angle, and
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 described for Scheme No. 4, page 9.
However, Scheme No. 13 provided even more improvement over the pre-
liminary 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 cfs and 580 cfs.
The maximum water surface fluctuations downstream from the suppres-
sor were:
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1 inch for 100 cfs from two gates 6 percent open,

3 inches for 100 cfs from one gate 12 percent open,

3 inches for 580 cfs from two gates 38 percent open, and
5 inches for 580 cfs from one gate 72 percent open.
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sediment depasition

(Pl Sta 29+58.87
-~ N.474,31.50
£\E1,764,500.71

Py %0

\

-

Berm EL2870-"2"

A NOTE

Far sections see Dwg. 719-0-44.
For embankment details see Dwg 719-0-72.

Outlet warks Stg4+50™
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FIGURE NO. 3
REPORT HYD 456

- Diversion channel € 106" Dia. H.S. conduit. - - - € 12"5.p Drain, see Dwg. 7/9-D-33--,
E For location of pipe N - v % ] < A ; S - | <o, SNAKE RIVER —»
£1.2845.0; 24"Riprap - supports, see Dwg. 719-0-46 %, N N £ 7ssr§,' 19ars b Y % .
: y R
]

‘;-r«;'—la.a'u» —10.0' N 475, £896.26 ), .
R

78" 1. 0. stee! pi
€ 78"1.0.stee plpov ;q’:’

Jow. Sta. 11+03.99 \
\Dom S5to.19+24.57

2 Sheets} graphitad
asbestos sheat packing-

SECTION J'J\\

“Walkwoy -

[=] —
X 2 I N
S e ¢ e N T
w35 ~ - - _
£ 5 - . € Gate chomber_
<fw ~%| SECTION H-H $0.9¢55.00 [\ -
Ral = DETAIL OF PIPE SUPPORT P /-.,,l \
. xQ — - B —— TN -
SxES - ~. SEN T\ T
® ge S ¥ G =T 7 RLBranch N
st ;/ J =k v 575385 '7\ !
/ - = . 793,
ge¥ - = X "\_ 17° ~ E 1,785, 843.89) )
e = [ E>: - AT Concrete onchar
<y e =7 P - seeDwg.7/9-o—4/
A ~--78"1. 0. S1eel pipe liner - -
; e _ ~-\¢€ Crest of dom, € Spillway, N.22°30'W.- " \
- 6-6'Dia, diversi ’ % - 5.67°30'W.~--=" .
7%53”&%‘%%01 -7\ - / ,/ -\ % 7 -=-¢ 8" s.p. Drain, see Dwg. 7i9-D~ 33 T
- - / , AT N AT - ‘ 100 € Spillway, Sta, 6+42.59 Y1 --\--§ Servica road, see Dwg. 719-D-52
L T ) . K TN\ - o e — € Outlet works, Sto.15¢40.287
- - - T T T~ 6" Topseil. seeded :m 9 mulfched -6 Service rood N. 475,424.61 ~E. 1,765, 300.0/
P X > ., ) i
o0 27T (6 Lotake structure o) 264725 v o Pl Vert bond Yy ¥ 2-2'9"x2'9" iR gotes Top.of ripro Sidpe ta droin-—-\y Ganauit_ ;
2 > L o pes 0 s T £ Spy.Sto.7+66.35 5.\ .Spiliway Sta. [loperrierop € 78"1.0. Steel plpe
q’.‘, \Jgfe rHso0 £12846.2/ JS _ iTa+06.26 — - _ Nr>- ‘, Originol ground surface--. Concrete onchar -
s T / Rl e — - : N = -
Crest of dom, £1.2956.0 - __ > (Top af embankment _ SPlIWOY -510,19+25.00, _ — — —— - —4£__ \Canal outiet wor
o Mox. WS, £129498--_ .-, = = P Wi b s s L S - E12844.00 (3 Riprap cantrol hause - > DETAIL Z
2860 207 Normal W.S.£1.2946.0 -7 A “--€ 54"10. Steel pipe M= —— ¥ {1/e" Bedding material — TYPIGAL CLOSURE SECTION
---€ 78"I.0. Stee! pipe L N 5 El 2832.0-°} 2895 .
P : 3'Compacted sand £1.2836.00 N 1 . A o
10 § Crest of dom SECTION B8-8 blanket------- e Lo e g N
£8 - ON € RIVER OUTLET WORKS : : w7 S10.9+475.0 £ "%90 \
0 0 20 s0 \ ...4PI Sta.|7+20,59 M
€ Intake s'i‘ruci’uro‘> ] v~ \El. 2868.37 N L>_ sta. 18+62.85 Z| € 1763,500
Sta.7t1500 S, 8 28 o SCALE OF FEET  Zgng @ . . b g
g @  /-Berm EL 2870 So 9 Zane ® 6"Tapsoil,seeded  embankment; | , .-€ 2-4-0"x4-0"HP. Gates 6" Slide gate . € Bridge b} 7 Goge house
S S| & Min. oor WS.£1.2896.0 ") Gate chombar e 3, embonkment and muiched-~ - - - _ o Lo -Sta (74185 f Lo j wih lifr  ELE8885.. S0 19+48.69°)! Porshall flume-,  -<-5t0.20+96.85
? 8,4 1B original ground 0.8155.00  =f SN i € Spiliway 4 AN Tap of ment p  ELeeszodry L El2sesso P S Cgnal raod
- E%_ Qs gurtace : (pLVertpipebend | 2@ St Sta. 15+ 40.28] e o I ==~ — ZFerL 288400 —3 ) ({not in 1‘h1lhs)‘
25 s §% v Sto srss e B Flaor €1 2872.08 - ——— F—t+4—|-—— contract
2886 mb S o8 B il 2 4\ \pr6 River autlet branch) £/, 2868.00- b
$ES)] 853 ‘Beg siona @ | | i Stajatsi 59 P ‘£ 2876.00
6. 2% _, oegin_siopé | 2847.25 |1~ \ “Wove suppressor
NS5y Pu g ASto. 946413, 7 ~ 1l 53 T S N
~ ks 1 Bwg 1 unvert £1. 2843.50/ D% | / L original ground surface
B S e T P R e (€ 78°1.D. Steel pipe It L
) = =t F o= % 2 5.0 /6580 ‘7 compocted sond blanket Lo---€ Walkwoy 2960 —T T -
- L {-1e1. 2845.00¢ >Er e & L B : or wall Max ws. £1.£949.8-1-"1
1] ¥ 2 — E “.-"~-Zone @ embankment ) 4 ]
: e S e O N i pL. Vertical bend ot d watk-1- | I | /7 srser,;':c:arsgad
e py T - IS S S Y 1 { PL Vertical ben ar tap of wall---1". - ore. -
smsl;?'gb’%ze';s_@_ EO L ____, §20003° =-Sta.9+775 2 | $Sta. 13+74.54 “{Sta 14+72.97 i } 2940 s ; 4 -
Py 11 Conduit sections 309 long glternated with| s LElL 2847.02 \£1, 2847 32 SECTION A-A ! < River outlet -~ /
7 condurt joints 1 closure sections 4-0"long (See Detail Z ? b ; N works discharge
@ 32-2" (with waterstops) For typical closure section) , J } v2°s.p. Drain ON € OUTLET WORKS AND CANAL OUTLET WORKS -t z /)
Bulkheod gate not shown-=" ! {6 Conduit sectians 302" long alternated with AR *5t0.13454.00 30 o 20 60 #'x2§ Bross or stoinless ; v 2920 : L7 p
78°1.0. Steel pipe liner——----"" h ;C’”‘”’f’ 7“,”0”5 4'"0"/9"9)(555 Detail Z 'sto 9‘:;;:::0” coltors @ i7-4¢ Reservoir level “———SGATE oF FEET ! steel carriage boit -~ @ AL conal outlet
or typicol closure sectian ; . - ; L 6%Di ; iping- - -~ ” N
.80"to intersection o fre “ € co”d”"“"’l. Covering for 10-6°Dio.H.5.conduit 9996 pIping---- - Zane ® embankment SETTLEMENT POINT DETAIL @ works dischorge L4
/ o Min. height of Zone (1) embankment - - —_— ; . 2900 F
¢+ with cut slope » 'PI ” U + ! but A AT =y / LY outling of Required: 16 bolts @ &5 crs. @ o 5129856 REFERENCE DRAWINGS
i ; - ~Plone Torming is optiono no LY S imi i ~ Sta. 9+70 ta Sto. |3+ 45 3 - -6 -1, -D-
f “%/. odditional payment will be mode ,_,,/f : imit of speciol - S8 7 NeutofT callor g aoitem s m oach ponel of the Gonal autlet E — GENERAL PLAN ANQ SECTIONS.................713-D-43 AND 44
f v".for concrete outside of concrete payline -£. &~ compaction ] . s stilli in. 12*From The joi « == -1 / ; OUTLET WORKS:
4 b , ? payine -, =52 N 3 warks stilling basin, 12*From the joint ot S 2880 DIVERSION TRASHRACK STRUCTURE 719-D- 26
\ ;-4‘-'7,. . e " 4 E each end on tap of eoch wall. 4 C ey v 2 A-sill of intoke INTAKE STRUGTURE _ __ _ _ ______ -.719-0-27
. : e 7 « ~fi-sil ol in GATE CHAMBER. _ _ _ . o oo e — 718 -D- 28
aykine 2%\ . steel pipe 2 Zone © embankment w /{ EL 2875.00 ACCESS HOUSE, SHAFT AND ANCHOR 8LOCK.. .. ...719 -D- 29
Concrete © v lner 3 i Y a0l | DRAINS-PLAN AND SECTIONS._ _ - o . _ . __ ___ 7i9-0- 33
payline - S b - Conduit covering nat shawn, \D|’V’r$ia"’ discharge g?g?f I;u?f;ikgyg;. DETAILS DF INSTALLATION 19_0735. ga' gg
- - - § see Dwg. 719-D-34 T T L VENTILATION SYSTEM . ____________.7C 719 -D- 81
— - p o ) ; _1# ] £1 2845 25 | : -
imit of special ,'::, - - —~Limit of special compactian, 2840 Fadt l ‘ ! | c:ﬁsskgmrk hl_.’g ‘l/v%‘k GAGE PIPING 719 -D- 45
campaction L Sta. .5 ta Sta. 12+1). AL QUTL KS:
" poc 4 T 0. 9+65.5 Tu Sta.12+11.0 ° 2 4 € 8 10 CONTROL HOUSE AND ANCHOR 8LOGK . __ _ ... .. 719 -D- 31
P 3 Outline of . e 7 ., OISCHARGE [N HUNDREDS OF C.F.S. STILLING 8ASIN. _ _ o e Z719-0- 32
2:--- ~; —— 2 E/.‘225145 oo cutoff collor-. ’: <~y Preformed ~[_rmbér afdsgencllallzil;;n:oﬂlon DISCHARGE CURVES R";vag gg;fg?ssg;,aslm PARSHALL FLUME __ _ ____.719-D-54 T0 57
HEl . - bituminous joint yon . . / KS:
SECTION D-D A rovel oy A filler befwe{?n sg/‘z”i’;fg)é HOUSE AND ANGHOR 8LOCK - - - o 719-0- 30
eservoir |eve | Y cutoft collor y
DIVERSION INLET CONDUIT gage piping—-----=----="" T & <J,_- and conduit. PLAN, PROFILE ANO SECTIONS. .--.—----------.-718" D~ 28
SEC. F-F ‘ ~Slope §"per faat NOTES SERVICE RDAD-ALINEMENT AND PROFILE ~ ™~ 7
SECTION E-E SEC. F-F!(siMILAR) R e P P Far general concrete autling notes,see Dwg. 40-D-5530.  STA.D+0O TO STA.I3+00, SHEET I DF @ .o o___ 719 - D~ 52
Zone (&) embankment TYPICAL-STA.7+33.54 T0O STA, 9+42.54 " Concref y " not [ Wolkway~  ~-Pip& support not shawn,. For general reinforcement notes,see Dwg. 40-D-5586.
| 7 y . ‘ . . 2 o e ”’g”’,%_bgffu ________ P  _____ sea detail (Sec.H-H) At the bend (PI.Sta.13+74.54 ) the statianing is
Ny ; Limit of 6" Topsoil, seeded ond mulched --~_ SO, See DN e (@ embankment F! carried alang the fangents thru the R I
speciol compaction Surfacing.._  20ne © embonkmen? £1 269200 Ay - s CALs Erfg;élogrogﬂs/a-rﬂ 06 6" Topsoil,gegqedl and m}lchefd" """"" Concrete in 4-0" closure sections of canduit shall not UNITED STATES
AN ~ElL - ICAL .9+71, N 3 / riginol graund surface -, N - +i f i DEPARTMENT OF THE INTERIOR
B Original ground" ! ) . A= ﬁ;vzlobc:ei L;;a::le/g days ofter adjacent sections BUREAU OF RECLAMATION
surface-~, i ; E1 2846.0 ! g ' MISSOUR! RIVER BASIN PROJECT
\ : 8460, ; The ft;”a"”’g /f:”f” ”; e nat Shaw"; Cﬂf;’ﬂ’”;’!; ’ SANDHILLS OIVISION-AINSWORTH UNIT-NEBRASKA
7 e reinforcement, trashracks, electrical conduits on
Zz0ne @ embank ‘S tocing EL2 \ apparatus, ventilotion system, reservair level gage MERRI T T DAM
one (& embankm urfocing g ; piping, miscellaneous piping, drains ond metal work. OUTLET WORKS
Zane @ embankment- M"L?Z,,i,‘i’/" PLAN AND SECTIONS
A o -~ Milimmurnd,
€ 8" Perfarated ’\r '\\ *n:b?or:p’gcred sand 54"1.0. Steel pipe -~ ' ey Zzane ® embankment tulmrrla__&’ﬁf_ ________
t : . . lank e L Sany Sy S ? . »
“Reservoir level gage piping sewer pipe drains ~El 2868.00 1“"4(.-245' 1540~ -t ':7’— jo* Perforated s.p drains neoommanons O & —— e
SECTION K-K £l 2818.00- s i CHEGKED . 5 8. Y.L B _4k] APPROVED -
SECTION L-L SECTION M-M SECTION N-N T DENVER, COLORADO, NOVEMBER |, /1960 719-0-25
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FIGURE NO. 4
REPORT HYD 456

2" Insulotion to be placed inside .
concrete forms and onchored fo concrete '| -Retaini " c Fr~
with 20d common noils --~=~-=~=~__ ~“hetaining wa R, 22'-8" - oo -
+-Sto. 17+01.52 . ke---Sta. I7+16. 52 AW { Floor El. 2889 00~ re--51a. 17 +41.85 { e J i o ———p Sy P ———————————————————
R 1520--- oo mmm oo e e 10-0~-~-~—---— e ;~Slape to drain 'I E PN i
Reservoir level N R S T T v U H ¥ | ; : } {
e piping~. o | |
goge PIpIng~~, S Floor £1289025, 4 IS I ) 'I | U3 I l
. ® -' i Pl by
o e e ! | | A |
- T , : | C | | |
i1 Reservoir level / / ! || Pl . . U
L g ! P L - ! o |y 1 perrt - 7 per ft
) ¥ et -—= et - i Fefl- & [ =] . Ll
€ Steel pipe; ; _“-’,;;//:// L 8 §$\ Gote control N | T : I # g H { l
i et P cobinet---- | 51Floor Ei1.2889.00 | b & o P!
e 7t ST st | eeeno i | ™| ¥ B
e e kT ° g/ 1/ 3, 2ol | 1| B .. Clr SRR SRR I B
! < “-E1.2891.50~, © o~k { A 22 O P o et b 6-0 Vol ' |
Jg_ 4 Yy~ el B 2 Y - i_| g€ Stilling basin I —— L : : { |
) —-< X - ' SO oy o L : ] ; '
. f ~ H ! Vs w | W \-E 2889.6 1 —_ Vol JR )
o 300 S ; T | ‘f i _Z o ! T - 45° “Steel hoist anchors---" 9 Il
D S 1 $0 x40 HP Gotes s lere oo s e 2 F ~-_J}-£1. 2888.00-f]---- P A e N
I - B A {lde| 1y i . L 16" X —¥ t == i el ——
i - A P | Al | 46 te--g'- 74~ ) i
| ~< & ! | p: ¥ o J __-+-0utline of .
~ - —_— . - L .
{ ~ae = _’F“Y‘ F==== - 3 : "IP LY i Sg ’ stilling basin woll PLAN OF ROOF
~ T { . Ag;pf:‘l;ose \U l '-, E ) ! ! <___5'_42_:-__J_ !——! <__4’_75_.-,V/ ______ ~Worped surfoce ROOFING NOT SHOWN
= R ! t o - H 3 ot 33 e
-L—-i— ———————— Ly E P j 85 | J LA r‘ __L-Type a* rubber o et /L/m/rs of speciol compoction  *
° "FIoo'r ! 1T | ] Al bl woterstop
3 £19869.00) i 4~11€1.2880.00 \ !
t ] —TT T T - T :
Y ! Y g ' U3-R-17 JIETR /-6 Tapsail, seeded ond
_ - £1.2677.67-~F 5 e
Motor generotor set: 24 x 24" Louvers, dampers e | £ 877.6 3 mulched
ond embedded fromes : |
<£ --—€ Louver not shown, see My
- Dwg. 719-D~51 SliEg J P I N A= - ‘:'::::Z:
Bottom of roof slab PLAN A-A C g 1545~ > i1 2075.67 r -;one &
- | .
(AN TS SR SR ELEVATION G-C ! il y : 78 /D Steel pipe
SCALE OF FEET S B ;
-
!
. - _ N " , . e Originol ground surfoce
' 4-Ply bituminous built-up e e [/ 0% e e e e e e e e B ~ <
<A” ol.> roofing with gravel surfoce—---—~-__ o 1" per £t vz . Fper it  per i 1 . TN SRR e =
e T A XN o - . i PR : .
8EC. GG SEC.H-W Gravel stop, embedded tubulor frome and .7 § ! > . 3 <L . [ 3 D : nlo] <R ’ level
. N formed drip not shown,see Dwg.40-D-4303—_ "o [iEToL b 4 KR S I R SN R YR PO NI =iy - " " eservoir level gage piping
STEEL HOIST ANGHOR D . "? - Tt 7 : ST R 0.0
= H d SECTION E-E )
A e Sto. 17+ 26.52-——>] A
M b
101 E NOTES
. . ,
6 Topsoil, seeded ond mulched - P, “}, IO"d [€r =T e (4% St R - For general concrete outline notes, see Dwg. 40-0- 5530,
Zone @ embonkment--. Y £l 2895.7, ; '3’ . - F3.F4 ond U3 finishes ore indicated where required.
. . . A 4 / t T -2-8'x6-8 Metol F3-a)7] a4 D‘/’E" 289579~ 12" Py mum fi Electricol installation ond gote control equipment nat shown.
Limit of speciol compaction--._ 7 — - ond hydrauhc___:_ o Gdi-3.~1"  door not shown, see A S N /e 2
TP.1, Sta. 17+20.59)] A hoist—--"""" YA S WL | Dwa 40-0-38%0 X I ~of |l -1 2892.00
£1.2888.37) PN 65 -3 03B o | ! B > in SEG. F-F
) S —ir—reease . 1| - : v/ A& 1 Top stilling bosin i Retaining wall
Y _--El 2891.50 \ “piping- A5~ -i6F < o & | ‘;' wolls, . 2892.00 T [~ ~~Reservoir level goge not shown,
‘_/. 289150 A \‘ i ¢ i = Limit of speciol see Dwg. 719-D-45
! i compoction ~-----... R
Do Top of fill, 1. 2688.5 -£1. 2869.00
vy i/ L £ REFERENGE DRAWINGS
- - OUTL ET WORKS-PLAN ANO SECTIONS__ . —.719-0 -85
, Zone (@) embonkment y Iy & 3 5 CANAL OUTLET WORKS-STILLING BASIN.- .
4" Flaor drain,top E/2886.95 A g ok - VENTILATION  SYSTEM ANO DRAINS_ ___________ " 7/9-D -8
! .o ; STEEL OUTLET PIPE~ 78" WYE BRANCH
See Detil £, Dwg.719-D- 51 | o AND AIR RELEASE PIPING_ __ __ _ .o ___. 719-0- 48
1 Type “Arubber woterstop | ESERVDIR LEVEL GAGE PIPING. . _719-0- 45
A RUBBER WATERSTOPS ___________ - ___ "’ "a0- 0~
-Originol ground surfoce—— 2 1"‘ ~--Zone @ embankment DETAILS OF CONCRETE GPENINGS FOR WETAL DOBRS. "7 -40- 0- 990
| N0 groung - Limit of special compaction ) DETAILS OF GRAVEL STOP FOR CONGRETE ROOFS____ ___ . 10~ D-4303
+_._-.-‘t Worped surfoce L’: Orlginol ground surfoce
AN —Sel;e De;g'l Y,
£l 2880. 4~ ! wg.719-D-32
\Original ground surface Sta 17+24.0-1 ,/' -£1.2877.67
. ,/'l NITED STATES
Conduit liner tronsition- = DELLR, ”"E”o"',. Ol e THEJNTEMOR
ol MISSOUR] RIVER BASIN PROEGT
= SEGTION D-D SANDHILLS DIVISION-AINSWORTM UNIT~NEBRASKA
I sl -
S %8 e aemer | MERRITT DAM
! , .
& & o CANAL OUTLET WORKS
SEGTION B-8 & o 3 GONTROL MOUSE AND ANGMOR BLOGK
" & -LI
':i ORAWN.._REJ.________ SUBMITTED M eiadliivn e oo e e
5.;: TRACED-. b . necaNMENDED_ﬂ%L P
OHEOKED_._.c.-ﬁ.;ﬁ_m;_APPﬁOVED___-gﬁ - ]
DENVER,COLORA DO, NOVEMBER /, iI960 I 7|9_D..3|
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FIGURE NO. 5
REPORT HYD 456

For continuotion of droin, _ Wove suppressor,

see Dwg.719-0-33 , D|-> --6"Sewer pipe drain with cemented joints <—lE ," see Dwgs. 719:0-54 and 55 i s - E[2892.00---""7"" ¥ P
e ----------————---—------~--/4/‘o--—————------,—--—--——-—————--——----——‘— N T"’ erve e
o . e e e 29M 0" e R A TR R D IR : N . . ,
- £970 3o 0 ; o A - 2470 i fiﬂr,__; _____ > B™ k- ,.----E1.2692.00 ==~ > -2 E/E;;z:o'sm Ry --L'E"‘:_j’zgg’s
\ - - - —% ] | ! i 7 g LF RO 220 U | [ P 1656~ > o e -
! ; T % T - : Surfacing-. i ~rieg] Legatter & per - el S 3o "~ 6" Topsail, seeded
1 o Ry c6°C1 Slide | |1 | 1 = h._ ! £1.2688.5- | - EL2088.5 o e
B o ) =M 1 : p! \ gatewithliff | || ! et ,_”_\‘______,L r o |- 12 and muiched
D,/ 3 © v 1 A D L :3,1- || o1 Limit of speciol -l | 4 L’C’B'Zp%irffi”‘”— j-#=€12684.00 Batter 3" per ft
......... — } It - " 1 ¢+ compaction-- - 6> - -7 - : after i3 per ft.
] e s i i’ e Th Ll e ® i penner Tl
P RERRE H- 3——“}—‘?—’ .o T'T ©a i ' m R o U+ | embankment--- ’ : W‘ffe_’f‘f‘je ~Zone @
P I ~Stopper ; Gl 36 =G (i i o e 4 Pl e mglo™ - — 28 . | embonkment;
L Lo ! ; i | AJ%.._ dy 0o i Al T e 0 L R ~Batter &"per Fh---=--= = e L. --Type’a”
e | JU | _Xy— I e et c t‘——; c—— Ll ! s =2 _ = L ow SO et —— !’ti" c—7 1’1ﬂll A Barfer% Per_ff-""»‘ d‘_é‘l‘ﬁ pecrt Pl <6 | 6% y gl ype A’ rubber
R S | [ R~ e = == =2 Eh 2 TE e TE= TR e BT G e ™ 2471 g Zper £t [P waterstop
e N [ e i g Il t DR Do il o
K & . = .t "o 1
b e ® v e sl L u R e Hj-e P ~Zane © embankment
By ia] b sl b, S ||t | e stining bosin 113 st o N j
A & Rl : ¥ T ) T E i}} b ) i LN 39e15E H W 1 —TA PC I | DURRRPYICIG B DI ICI
A oV f O i . by 4 el i . 1R ! € 6"Drain with I‘.“ ————— R I T T & o
e L1 -Stopper | l——t—-— el ZaL -;} ——————— 21ta"mm b p ook ek - - e o2l 4 g 24007 At 2300 A 2 '\ cemented joints, | Lzto1e £12868.00-- " stet e
PRy I gl e —nd — el gl Al o ool oog widll +ow \Compocted H (d g b
V5 R 1 > = trT s SR T . SECTION B-B  “s4ng blonket. ol =2
L tee~--+Contr jts------~ LT i v i T ‘ o (AT STA. 17+41,85) L3
- - ‘ ; : . . | C 4
R N i et N | O B e i R E S| I
! I & L FA'ER R V.14 L i i R M LIl %6 Tee-
s Sy == e o , tme Y il
L T * ) T ) T ; | .
o b Cibr ! ' & L = Ty 1. ~Handwheel R 226" -
B: F{ri1) ., : : : i 1 | ‘{ | r T *' E e~y £re8920d-----""""" " “"g"Sewer pipe drain "599’"510”9 £l.2863.29
| All under-fioor drains ofe & = . > PP— Ll - ™ 1 T with cemented joints./ SECTION c-C
N ui - a 4 .. . . N - ~F . .
i “perforated sewer pipe drains . . Place strainers in open ends of “Contr jtertoo o N 1 AP 186 - E1.2886.5 (AT STA. 17+ 70.85)
U unfess otherwise nofed-—.. © > oll under-fioar drains, unless. ol et SRR . mesess |l 93" - 2 . .
| Seeo - PLAN Ofherwise noted :: <-I,E Surfacing--~>= ESf/lImq basin-—] e 2 '_":-f/.zasz.oo ' £12892.00--571_ <2
, | ! ;
NStas7e4185 /Gate lift fo be mounted on wall bracket | ! Batter 3" per ft : , k28685 [ ]
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Figure 8
Report HYD

Looking downstream. High pressure
slide gates are in foreground.

. Wave suppressor, held in place with
clamps to facilitate removal from model,
helps to produce smooth water surface
at measuring station downstream. '

MERRITT DAM CANAL OUTLET WORKS
THE 1:16 SCALE MODEL OF THE
: PRELIMINARY DESIGN
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GATE OPENING IN % OF TOTAL TRAVEL -

100,

90

T l T

80

/ P --Max.-design dischange/

for one gate fully open
One gate operating,

' ‘ / (850 cfs)
one gate closed-_u__‘/ /

// A //‘/’//
P

/ -
. -

70

60

50

/ / ‘Max. design discharge

for two gates fully open

40

/ (1340 cfs)
<

~-~-Both &' x 4" gates operating

30

P

20

P Design capacity of
‘canal: Q= 580 cfs

NEN

2 3 4 5 6 7 8 9 i0 1} 12

DISCHARGE - 100 CFS

MERRITT DAM CANAL OUTLET WORKS
DISCHARGE CURVE FOR RESERVOIR EI.2949.80
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TAILWATER ELEVATION —FEET
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///JT “~t-Sta. 19 + 54.85

4 5 6 7 g 9 10
DISCHARGE~- 100 CF S

MERRITT DAM CANAL OUTLET WORKS
TAILWATER CURVE
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A. 1,340 cfs--Two gates 100 percent open

- " ‘
P719-D-31312

P719-D-31311

B. 850 cfs-~-One gate 100 percent open

MERRITT DAM CANAL OUTLET WORKS :
PRELIMINARY DESIGN--850 & 1, 340 CFS--MAXIMUM RESERVOIR
1:16 SCALE MODEL

21 aanfr g

96% AAH 1aodey



A. Two gates 38 percent open
Froude number at Station 17+41.85 = 11.9

B. One gate 72 percent open

‘ MERRITT DAM CANAL OUTLET WORKS
PRELIMINARY DESIGN--580 CFS--MAXIMUM RESERVOIR
1:16 SCALE MODEL
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A. Two gates 12 percent open

B. One gate 6 percent open

MERRITT DAM CANAL OUTLET WORKS
PRELIMINARY DESIGN--100 CFS--MAXIMUM RESERVOIR
1:16 SCALE MODEL '

$1 2an81g

96% AXH 1today



A. 1,340 cfs--Two gates 100 percent open

B. 850 cfs--One gate 100 percent open

MERRITT DAM CANAL OUTLET WORKS

SCHEME 2 WITHOUT WAVE SUPPRESSOR

1,340 & 850 CFS--MAXIMUM RESERVOIR
1:16 SCALE MODEL
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A, Two gates 38.peréent open
Froude number at Station 17+41.85 = 11.9

B. One gate 72 percent open

MERRITT DAM CANAL OUTLET WORKS
SCHEME 2 WITHOUT WAVE SUPPRESSOR
580 CFS--MAXIMUM RESERVOIR
1:16 SCALE MODEL
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A. Two gates 6 percent open

B. One gate 12 percent open

MERRITT DAM CANAL OUTLET WORKS
-SCHEME 2 WITHOUT WAVE SUPPRESSOR
100 CFS--MAXIMUM RESERVOIR

1:16 SCALE MODEL ’

L1 ?andtyg
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FIGURE 18
REPORT HYD. 458
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MERRITT DAM CANAL OUTLET WORKS
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FIGURE 19
REPORT HYD. 456

615

WATER SURFACE FLUCTUATION-EEET
ON WALL STAFF GAGE AT STATION SPECIFIED
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ELEVATION-SCHEME NO. |

MERRITT DAM CANAL OUTLET WORKS

WATER SURFAGE FLUGTUATIONS--SCHEME # 2

WITHOUT WAVE SUPPRESSOR--580 CFS
1216 SCALE MODEL
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-FIGURE 20
REPORT HYD. 456
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ELEVATION-SCHEME NO. 2

MERRITT DAM CANAL OUTLET WORKS

WATER SURFACE FLUCTUATION --SCHEME ¥2
WITH WAVE SUPPRESSOR--580 GFS

1116 SCALE MODEL
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A. 1,340 cfs--Two gates--100 percent open
Note the vortex immediately upstream from
the wave suppressor.

B. 850 cfs--One gate--100 percent open

MERRITT DAM CANAL OUTLET WORKS
SCHEME NO. 13 (RECOMMENDED)--1, 340 & 850 CFS--MAXIMUM RESERVOIR
1:16 SCALE MODEL

LE sand{g

‘96% QAH 31oday



A. Two gates 38 percent open
'Froude number at Sta. 17+41.85 = 11,9

B. One gate 72 percent open

Note: The scale in B applies to all four photos and to the photos in Figures 37
and 39, Air entrainment in the horizontal upstream portion of the basin
in"A" is estimated at 25 percent and in "B" it is estimated at 33 percent.
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SCHEME NO, 13 (RECOMMENDED)--580 CFS--MAXIMUM RESERVOIR
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A. Two gates 6 percent open

B. One gate 12 percent open

. MERRITT DAM CANAL OUTLET WORKS :
SCHEME NO, 13 (RECOMM ENDED)--100 CFS--MAXIMUM RESERVOIR
1:16 SCALE MODEL
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FIGURE 4l
REPORT HYD. 456
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WATER SURFACE FLUCTUATIONS AT STA.I19+54.85
SCHEME 13 (RECOMMENDED)
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