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PURPOSE

‘T‘he purpose of this model study was to determine the energy dissi-
pating efficiency of the hydraulic jump stilling basin for the slide
gate controlled outlet works and to observe the hydraulic operatmg
characterlstlcs of ‘the component. features of the structure

g CON CLUSIONS

1. The hydraulic jump stllllng basm performed satlsfactorlly for
all discharges tested, Figures 8 through 12, with the control gate
either fully or partlally opened

2. Flow conditions in the horizontal conduit and chute were satls-‘
factory for discharges with the gate fully opened. However, with
the gate opened. 1ess than 50 percent ‘spreading of the jet was. inad-
equate and the flow concentrated in the center portion of the chute
before entering the:stilling basin, Figure 13. The conflguratlon of
the gate leaf was altered but there was no improvement‘in the flow
pattern. Since this condition had no adverse effect on the cperation
of the stilling basm, no further attempt was made to 1mprove the
flow.

3. Sand erosion tests; Figures 15 through 17, showed a maximum
erosion depth of 2.6 feet at the end of the st1111ng basin after the P
equivalent of 12 hours prototype operation at a discharge of 385 cu- .
bic feet per second with the degraded tailwater condition. An equiv-
alent 12-hour riprap test with Q= 385 cubic feet per second showed
no movement of the rock protectlon Flgure 18

4 Water manometer and: mstantaneous dynamlc pressures meas-‘

ured throughout the structure were found to be within safe limits of
operation, with no severe subatmospheric pressures or excessively
large impact pressures observed, Figure 19 and Table 2.




5. Waves along the banks of the downstream channel (Station 9+35)
were less than 1 foot in height for all operating discharges, Table 3.
Waves along the outside of the stilling‘basin wall ‘were neghglble ‘

6. Tailwater sweepout tests indicated that the ‘minimum safety
margin between the minimum (degraded) tailwater elevation:and .
the tailwater elevation at which'the jump first began to leave the
basin was approximately 1.9 feet, Table 4. “With the tailwater
lowered-an additional 1.7 feet, 3.6 feet below the tailwater for'the
degraded channel, the jump left the basin completely. This mar-
gin was determined for a maximum discharge of 385 cubic feet per
second (reservoir at top of flood-control pool). For a'maximum
discharge of 316 cubic feet per second" (reservoir at top of conser-
vation storage) sweepout was prevented by the slopmg apron ‘at’ the
end of the stilling basm :

ACKNOWLEDGMENT ‘

The testing program descrlbed in this report was accomphshed
through cooperation with the Spillways and Outlet Works Sectlon of
the Dams Branch, Division of De31gn

INTRODUCTION

Norton Dam, a feature of the Missouri River Basin Project, is.lo-
cated on Prairie Dog Creek about 2 miles from Norton, in north-

western Kansas, Figure 1. The dam is approximately 6,400 feet
long at the crest and rises about 100 feet above the 'vriverbed o

The principal hydraullc features- of the dam are the splllway and

the outlet works, Figure 2. The spillway is located in the right
abutment of the dam and consists of a 90-foot-wide radial gate con- -~
trolled overflow crest. 'The design spillway dlscnarge 1is 95,000 -
cubic feet per second at the maximum reserv01r elevatlon 2341 0.

Model studies of the sp111way are reported in Hydrauhcs Branch
Repcrt No. Hyd-493.

The outlet works, Flgure 3, consists of a. bellmouth entrance lead-
ing into a 48-inch-diameter circular conduit, a 2-foot 9-inch-square
high-pressure emergency gate, a 38-inch-diameter circular con-
duit, a 2-foot 9-inch-square high-pressure regulating gate, Fig-
ure 4, a 35-foot-long d1verg1ng rectangular conduit, a 55-foot-long
vertlcally curved chute, ‘and a 55-foot-long-hydraulic jump stilling
basin, Figure 5. The last 21'feet of the stilling basin consists of .

a 4:1 upward sloping apron. The: basm includes. chute blocks at the




upstream end and baffle piers at the start of the upward slopmg
apron. ‘

The outlet works‘is d.e31gned to pass a maximum discharge of 385
cubic feet per second with the reservoir at the top of the flood
control pool, elevation 2331. 4

- THE. MODEL

The 1:8, 25 scale model of the Norton outlet works, F1gure 6 ‘in-
cluded the high-pressure regulating gate, the diverging rectangu- :
lar conduit between the gate and chute, the d1verg1ng vertically
curved chute, the hydraulic jump: stllhng bas1n and the downstream
river channel to Station 9+60. T

The chute was constructed of plywood and tempered masonite and
the stilling basin was fabricated with plywood. ~Piezometers were
installed in the floor and one wall of the chute and in one wall of the
stilling basin. = The downstream channel was initially formed in_
sand with an average size of 0.8 millimeter; rock with a maximum
size of about 2 inches was later added to 51mulate ‘riprap protection.

Water was supplied through a recirculating dlstrlbutlon system by
a centrifugal pump. Discharges were measured by permanent volu— ‘
“metrically calibrated Venturi meters.

The reservoir and outlet works‘conduit were not included in the
model; therefore, the proper velocities of efflux through the gate
section were maintained by establishing the computed pressure
head immediately upstream from the gate. The pressure head set-
ting was determmed according to theoretical upstream head losses.

Tailwater elevations were controlled with an adjustable ’callgate
according to the tailwater curves shown in Figure 7. Water sur-
face elevations were accurately determined by a hook gage ina
stilling well connected to an open tube at Station 9+60.

THE-INVESTIGA TION

Conditions investigated during the model study are summarized in
Table 1, which also includes metric equivalents of discharges. and
elevations. The maximum discharge of 385 cubic feet per second
and the normal discharge of 175 cubic feet per second at 43 percent
gate opening occurring with the reservoir at the top of the flood
control pool are unlikely operating conditions. The spillway capac- -
ity of about 95, 000 cubic feet per second is very large in comparison




with the outlet works discharge. With the reservoir:at the top‘of
the flood control pool the spillway could be utilized in making nec-
essary releases and the outlet works would be shut'‘down. There-
fore in judging the basin performance, more weight was. rzven ‘to
the maximum discharge of 316 cubic feet per second wiin'the res-
ervoir at the top of the active conservation storagc-and the corres—‘
ponding normal discharge of 175 cubic feet per: second at 52 per-
cent gate opening. Performance was evaluated for both initial and
degraded tailwater conditions, 'as shown in the table, by general
observation of the flow, erosion tests, pressures, wave measure-
ments, and tailwater sweepout tests. Conditions were also ob-
served for a maximum d1scharge of 260 cubic feet per second,
based on maximum losses in the system with Manning's 'n" values
of 0.012 for steel and 0.013 for concrete. ' This:condition.is likely
to prevail after some aging of the conduits. The maximum dis-
charges of 385 and 316 cubic feet per second, and the‘correSp‘ond-k
1ng normal discharge of 175 cubic feet per second, are based on.
minimum losses w1th 'n'' values of 0.008 for both steel and con-
crete. : : ‘

Some data were taken and observations made for gate openings of
75, 50, and 25 percent for the conditions of operating heads shown
in Table 1, and for both initial and degraded tailwater conditions.

The Preliminary Stilling Basin--(Recommended)

Stilling basin operation. --The stilling basin performed satisfac-

torily for all discharges tested, including operation at gate”open—
ings of 75, 50, and 25 percent.’ The jump was confined to the '/
basin at all times; turbulence at the downst“eam ‘end of the basm

was relatively sllght

Figure 8 shows the basin operation for the maximum discharge
of 385 cubic feet per second which would occur with thereser-
voir at the top of the flood control pool. For the initial tailwater .
elevation 2250. 7 the basin efflclency was very. good, as exhibited.

by the smooth water surface in: the'downstream portion-of the ba-- - -

sin. A large amount of splashing'occurred at the toe of the jump
but was confined within the basin walls. The traveling surge
noted in the photograph was dissipated before entering the river
channel. Operation for the degraded tailwater, elevation 2244. 3,
was not as good as for the higher tailwater, but was still entirely
satisfactory. The velocity of the water leaving the basin was
higher because of the reduced depth at the end of the sloping
apron and some turbulence existed on the surface. Splashing

at the toe of the jump was reduced due to the steeper angle of
entry of the chute flow into the basin pool.




The basin operation for the maximum discharge of 316 cublc feet
per second with the reservoir at, .the top of the active conserva-
tion storage is shown:in: fi*‘lgure 9. For the initial tailwater ele-
vation 2250. 3 energy- diss sipation occurred in the: upstream portion
of the basin and the water surface at the end of the basin was very
smooth. Again, some splashlng prevailed at the toe of the jump.
The hydraulic jump was somewhat rougher for the degraded tail-
water elevation 2243.6 but the flow leaving the basm was smooth

Flow conditions for a maximum discharge of.26_0 cubic feet per -
second which would occur with the reservoir:at the top of the ac-
tive conservation pool with maximum losses in the system are:
shown in Figure 10. ‘It is evident that the basin operation at this
flow was very satlsfactory for both 1n1t1a1 and degraded tallwater
conditions. : ‘

The normal discharge of 175 cubic feet per second was represented
by gate openings of 43 and 52 percent with the reservoir at the top
of the flood control pool and the top of the conservation pool, re-
spectively. Figures 11 and 12 show that the basin operation with
the initial tailwater elevation 2249.3 was apparently the same for
either gate opening. For the degraded tailwater elevation2241.7
more turbulence occurred in the basin for the 43 percent gate open- s
ing because of the higher jet velocity. The water surface at the end
of the basin also appeared to be slightly rougher for the 43 percent
opening.

Though not shown, the operation at partial gate openings of 75, 50
and 25 percent was satisfactory for the operating heads represented
in Table 1, and for both initial and degraded tallwater conditions.

Chute flow conditions. --Flow conditions in the hor1zonta1 condult
and on the vertically curved chute were s tlsfactory for the max1-

the gate fully opened. Flow in the chute was also satlsxactory for.
gate openings greater than 50 percent. Figure 13A is a downstream
view of the chute flow for-a discharge of 175 -cubic feet-per second-
with a 52 percent gate opening. Flow conditions for discharges at
larger gate openings were very similar to those observed with a
52 percent gate opening. Figure 13B.illustrates an undesirable ac-
tion on the chute for a discharge of 175 cubic feet per second with
the gate 43 percent open, which is also typical for smaller openings.
The surface portion of the flow tended to become separated from
the main stream and the jet did not spread adequately, causing a
concentration of flow in the center of the chute. This concentra-
~tion caused a dishing effect in the toe of the jump such that'the cen-
ter part of the toe was farther downstream than the sides. -

This adverse flow condition was believed to be caused by the im-
properly shaped model gate used in the study. Although the gate




slots were correctly modeled, the prototype gate leaf was inaccu-
rately represented, as shown inFigure 14. The prototype gate leaf.
was several inches thicker than the leaf represented in‘the model.
It was felt that this discrepancy might have some effect on the.
chute flow conditions. However, the model gate leaf was revised
to duplicate the prototype leaf and there was no noticeable dlffer- -
ence between the flow conditions for the original model gate leaf
and the revised leaf. Also, dlscharge coefficients measured at

50 and 25 percent gate openings for the original gate were only ‘
slightly lower than corresponding coefficients for the revised gate.”

This adverse condition had no apparent influence on the operation
of the hydraulic jump. Considering this and the probability that a
discharge of 175 cubic feet per second with a 43 percent gate open-
ing will be a very unusual operatipg condition, it-was decided to
make no further attempts to correct the flow condition.

Sand erosion and riprap tests. --Tp fur“ther determme the efflclency
of the stilling basin, and to prov1de a rapid determination of possi-
ble areas of excessive erosion; the downstream channel was shaped
in sand having an average size of approx1mate1y 0.8 mllhmeter
Three separate tests were conducted The flrst con31sted of oper-
ating the model for 4 hours 10 minutes, a period equivalent to 12
prototype hours, at a discharge of 385 cubic feet per second with
degraded tailwater conditions. At the end of this test, erosion about
2.6 feet deep occurred on the right side of the channel, nearthe
downstream end of the stilling basin. The removed material was
depos:.ted in the form of a bar farther downstream, Figure 15. The
erosion and deposition were apparently due to the 1ncreased veloe--
ity at the end of the sloping apron. ‘

After reshaping the channel the model was again operated for 12
prototype hours at a discharge of 316 cubic feet per second with
degraded tailwater conditions. Erosion approximately 2.0 feet

deep occurred at the end of the basin. The eroded material was
deposited closer to the basm, as shown in Flgure 16

The .channel was again reshaped for the thlrd test. Approx1mate1y
1.4 feet of erosion occurred after 12 prototype hours operation
with the normal discharge of 175 cubic feet per second, 52 percent
gate opening, and degraded tailwater conditions. The resulting
pattern is shown in Figure 17.

Rock with maximum size fragments of about 2 1nches was’ added to
the sand surface of the channel. This rock represented a size about
one-half the size of the largest fr gments of the proposed prototype
riprap. The model was again operated for a period of time equiva-
lent to 12 prototype hours at a: dlscharge of 385 cubic feet per sec-
ond and degraded tailwater conditions. At the conclusion of the test




no apparent movement of the simdl'ated r1prap had occurred. ‘Flg-
ure 18 shows the rock beddlng as-it appeared both before and after -
the test. : ‘

Pressures. --Piezometers were placed along the centerline of the
horizontal conduit and vertically curved chute, inthe right wall of
the conduit and chute near the floor, ‘and in the right.wall of the
stilling basin, Figure19. Pressures were first determined using
open-tube water manometers connected to each piezometer open-
ing. Instantaneous pressure fluctuations at critical-points.in the
structure were measured with electronic pressure cells and re-
corded by a direct writing osmllograph ~

All pressures in the stilling basm, Figure 19, were above atmos-
pheric. Instantaneous pressures were recorded in the turbulent
region of the toe of the hydraulic jump, where previous experience
has shown large fluctuations to exist. The lowest pressure occur-
ring in this region was 6.5 feet of water below atmospheric at Pie-
zometer 18 for the normal discharge of 175 cubic feet per second,
52 percent gate opening, and degraded tailwater elevation. Instan-
taneous pressures were also determined at Piezometers: 21, 22,
23, 24, 25, and 26 for 385 and 316 cubic feet per:second with ‘the
high initial tailwater elevation to determine maximum forces act-
ing on the stilling basin walls. The tables in Figure 19 show the
close agreement between the average water manometer pressures
and the average instantaneous pressures. Some disagreement be-
tween these two values noted in the region of the toe of the hydrau-
lic jump may be explained by the fact that slight discrepancies in
the tailwater settings would be refiected in the position of the toe
of the jump, which would in turn affect the pressures at a given
point in this region. ‘

Pressure profiles, shown in Figure 19, were plotted from fhe aver-
age water manometer pressures at P1ezometers 10 12, 15,, 18,
20, 22, and 24. ‘ ‘

Pressures in the horizontal conduit'and chute, Table 2, were meas-
ured with the tailwater lowered so that the toe of the hydrauhc L

jump was below Piezometer 15. The high velocity flow in the con-

duit and chute caused difficulty in obtaining consistent results.
Slight changes in the flow surfaces around each piezometer opening
produced radically different pressure readings. Special attention
was given to smoothing the surfaces around each opening and the
resulting water manometer pressures are shown in the table.

Later in the testing program instantaneous pressures were deter-
mined and found to be quite different from the water manometer
pressures for most of the piezometers. It was felt that warping
and cracking of the plywood surface probably accounted for the dis-
agreement. The instantaneous record showed little fluctuation in




pressure; therefore, it was decided that the earlier water manom-
eter readings gave an adequate representatlon of the pressure d1s—
tribution. , .

Slightly subatmospheric pressures occurred on'the invert of the
vertically curved chute for all discharges tested, Table 2. The
chute was designed for atmospheric pressure and the pressures
are all within 1 foot of water of this value. Slightly subatmos-
pheric pressures were also found in the horizontal conduit im-
mediately downstream from the control gate for the normal dis-
charge of 175 cubic feet per second w1th e1ther 43 or 52 percent X
gate opening.

Water surface profiles. --Water surface proflles in the st1111ng
basin are shown in Figure 20. Maximum and minimum fluctua-
tions of the water surface are included for the four test discharges
with both initial and degraded tailwater conditions. 'Comparison
of these curves with the corresponding pressure proflles shows ‘
excellent agreement.

Transverse profiles were measured at several sectlons in the hor-
izontal conduit and chute, Figure 21, These profiles clearly show -
the concentration of flow in the center of the chute caused by in-
adequate spreading of the gate controlled flow (from approximately
Station 8+25 to Station 8+45) for the normal discharge of 175 cubic
feet per second at 43 percent gate opening. This condition is also
apparent, but much less pronounced for other d1scharges The
same conclusions may be drawn from Figure 22, whichis a plot

of the water surface profiles on the centerline of the condult and
chute. |

Waves. --Table 3 shows the results of wave measurements in the
downstream channel conducted to determine possible erosive ef-
fects on the channel slopes and to further evaluate the energy dis- -
sipating efficiency of'the stilling basin. The waves were measured
using a point gage and were found to have a maximum height of only
0.7 foot from trough to crest for discharges of either 385 or 316
cubic feet per second with degraded tailwater conditions. These =
waves were thought to be too small to have any \xamagmg effects on
the channel slopes and added weight to the conc)usmn that the still-
ing basin performance was very satisfactory. '

Wave heights along the outside of the stilling basin walls were ac-
curately determined with a variable capacitance wire probe. These
heights, which would ordinarily be used in connection with pres-
sures inside the basin to determine overturning forces actmg on
the walls, were found to be neg11g1b1e ‘

Tailwater sweepout test. ~-Tests were conducted to determine the
safety margin between the degraded tailwater elevation and the




tailwater elevation at which the hydraulic jump begins to sweep
from the basin. Results of this test are shown in Table 4. The
minimum safety margin against initial sweepout was 1. 9 feet and
occurred for the 385 cubic feet per second discharge. Initial -
sweepout is defined as occurring when the chute blocks initially
became exposed. Complete sweepout (jump swept from basin)
occurred at a margin of approximately 3.6 feet. . Sweepout for a
discharge of 316 cubic feet per second was impossible because
the upward sloping floor at the downstiream end of the basin held
the jump in the basin. The table also includes results of tests
with partial gate openings. : : S
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Table 1

OUTLINE OF OPERATING CONDITIONS FOR MODEL STUDY

Condition

Reservoir

Percent
gate

Discharge

Tailwater elevations

Initial

Degraded

Reservo1r at top of
flood ‘control pool
minimum losses in
system :

elevations

710.6 m~

2331.4 it

opening

100

43

10.9 ems

385 cfs

5.0 cms
175  cfs

686.
2250.
685.
2249

684.1 m
2244.3 ft

_683. m
2241.7 ft

- Reservoir ‘at top of |
active conservatlon
storage, minimum

losses in system

9.0 cms

316 cfs

5.0 ems

175, " ‘cfs

685.

2250. :

. 685.
2249. 3

683,
2243.

- 683.

22417t

Reservoir at top of
active. conservatlon

Storage maximum - |-

losses in system

,.4m’
3fL

~ 683.6m
2242.9 fi

*Elevations above mean sea level (M S L, ) : o
**In judging su1’cab111ty of performance, more Welght should be glven to this condltlon




Table 2 ,

~WATER MANOMETER PRFSSURES AN THE
HORIZONTAL CONDUIT AND CHUTE"

PROTOTYPE FEET OF WATER

Piezometer
number

Q =385 cis:
gate 100% 7|
open

Q= .316-cis:

gate 100%.,

‘Q =175 cls"
gate 52% .

open:

Q=

T75 cfs

‘gate 43%
_open

S
i

14
O oo -1 TP WD

10
11
12
13
14
15

N O W T NN DR OO

open‘

1)

coocoocooococoror
‘omoi—l\‘iml\:wmahm‘mxi-q;

T O
. =0,
-0.
C.
0.
\.u_O.‘
-0.
-~ =0.
=0,
=0,
=0,
0. ‘
=0."
-0

SN RO A RN NG

;‘N‘I‘

-0,

0.
;_1.

P H O HMNMNNORNOWRDNON

Piezometer locations shown on Figure 19.
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‘Tab

~WAVE HEIGHTS AT STATION- 9+35 00
i IN PROTOTYPE FEET

Q

cfs

Ta;lwater -
.. elevation .~

‘Distance to
‘right of
channel (i,

{Gate 52% ?

385
316

175

open)

2250,

7

- 2244.3

.2250.3
2243,
2249,
2241.

' 124 ft :
30:ft
24 ft
244t
30t
24t
24T
30 ft
C 7201t
116 ft

oococoocococooo
B RS BT RS PN -

Tab

l‘e4‘

TAILWATER SWEEPOUT TESTS

Prototype:
discharge

Gate
opening

‘Reservoir.

elevation :

‘Minimum-
tailwater:

. Initial
‘Sweepout

: Complle"ce‘f £
- sweepout

385
316
289
237
200

100

100
75
75
50

2331.4
12304.3
2331.4
-2304.3
2331.4

| 2244.3
2243.6 -

2243.3
- 2242.1

';:12342.1

2242, 4

.2240.7

‘No: sweepout*

2241.5

None

“No sweepout
No,szepout* -

l‘Downstream end of basin- controllmg
Initial sweepout--Chute blocks become: exposed
Complete. sweepout--Jump leaves basin completely
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Figure 6
Report Hyd-497

. NORTON DAM OUTLET WORKS
1:8.25 Scale Model

. Completed Model
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Figure 9
Report Hyd-497

A. Tailwater elevation 2250, 3

.

PA92D-40571.

B, Tailwater elevation 2243. 6

NORTON DAM OUTLET WORKS
1:8.25 Scale Model

Stilling basin operation for Q = 316 cubic
feet per second, minimum losses in sys-
tem, 100 percent gate opening, reservoir
at top of active conservation storage.




B. Tailwater elevation 2242.9

NORTON DAM OUTLET WORKS
1:8.25 Scale Model

260 cubic

Stilling basin operatlon for Q =
feet per second, maximum losses in sys-

tem, 100 percent gate opening, reservoir
at top of active conservation storage.

Figure 10
Report‘ Hyd-487




Figure 11
Report Hyd-497

'PA92.6-405TS

B. Tailwater elevation 2241.7

NORTON DAM OUTLET WORKS
1:8.25 Scale Model

Stilling basin operation for Q = 175 cubic
feet per second, minimum losses in sys-
tem, 43 percent gate opening, reservoir
at top of flood control pool.




. B. Tailwater elevation 224‘1'.7

NORTON DAM OUTLET WORKS
1:8.25 Scale Model

Stilling basin operation for Q = 175 cubic
feet per second, minimum losses in sys-
tem, 52 percent gate opening, reservoir
at top of active congervation storage.

Figure 12
Report Hyd-497
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FIGURE 14
REPORT HYD. 497

N

[72]

v ‘ : et , SN
Y% | R A € o
| SR o A

MODEL GATE LEAF .~ REVISED GATE LEAF
{To represent prototype 'leaf)

PERGENT | MODEL LEAF | REVISED MODEL | -
GATE DISCHARGE | LEAF DISCHARGE |
| oPENING | COEFFICIENT | COEFFICIENT

‘50 .365 ' .373
25 A75 478

G = coefficient of discharge |
A= area of 100 percent gate opening

= AV2gH H = total head (pressure head +
‘ velocity ‘head) immediately upstream

from  gate.

NORTON DAM OUTLET WORKS
1:8.25 SCALE MODEL ‘

DISCHARGE GCOEFFICIENTS FOR MODEL GATE
LEAF AND REVISED MODEL GATE LEAF




Figure 15
Report Hyd-497

B. Q = 385 cubic feet per second, tailwater
elevation 2244.3

Sand bed after 12 equivalent prototype
hours at discharge in B.

NORTON DAM OUTLET WORKS
s# 1:8.25 Scale Mode!

Erosion test for maximum discharge
with minimum losses in system, res-
ervoir at top of flood control pool.




Figure 16
Report Hyd-497

A. @ = 315 cubic feet per second, tailwater
elevation 2243.6

B. Sand bed after 12 equivalent prototype
hours at discharge in A,

NORTON DAM OUTLET WORKS
1:8. 25 Scale Model

Erosion test for maximum discharge with
minimum losses in system, reservoir at
top of active conservation storage.




Figure 17
Report Hyd-497

"R492-0-40545

A. Q = 175 cubic feet per second, 52 percent
gate opening, tailwater elevation 2241.7

B. Sand bed after 12 equivalent prototype
hours at discharge in A, ‘

NORTON DAM OUTLET WORKS
' 1:8.25 Scale Model

Erosion test for normal discharge with
minimum losses in system, reservoir
at top of active conservation storage.




Condition of riprap before and after 12 hours
(equivalent prototype time) operation with

Q = 385 cubic feet per second, tailwater ele-
vation 2244.3 :

NORTON DAM OUTLET WORKS
1:8.25 Scale Model

Riprap Test

Figure 18
Report Hyd-497
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FIGURE 2|
REPORT HYD 497

STA.7 + 65.91 STA. 7+ 75.00 U8 TACT 485.00

STA. 7 +95.00 . STA.8+05.00.
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STA.8 + 15,00 : ‘ STA.8+«25.00'
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STA.8 + 35.00 STA.8.+.45.00
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SCALE OF FEET | —————————— 02385 .G.ES5 [GATE 100% OPEN

—— e Q=316 G.F.5. "GATE 100% OPEN
: Q=175 C.F.5. GATE 52% OPEN
Q75 G.FS “GATE 43% OPEN

NORTON'DAM OUTLET WORKS
118.25 SCALE MODEL ‘

CHUTE TRANSVERSE WATER SURFACE PROFILES




‘FIGURE 22
REPORT HYD. 497
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