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PURPOSE .

These studies were conducted to determine the cause

and recommend a -solutich for the movement of .

riverbed material into the Canyon Ferry Dam spillway
stilling basin. Qf primary importance were the
determination of riverbed stability immediately
downstream from the stilling basin and the effect of
flow release methods or.the movement of this riverbed
material, Studies were aiso conducted to determine the
time and amount of spillway release required 1o clean’
deposited material from the stilling basin.

RESULTS
1. When the river outlet releases exceed 3000 ft*/s
{85 m?/s). rwerbed materlals move into the spillway:
stilling deln

2. Releases from the spiltway, \Powerplant or the
Helena Valley Pumping Plant do not carry riverbed
rnaterial into the stilling basin.

3. Model tests indicated that the deposited riverbed

material could be cleared from the stilling basin with

adequate spillway releases. The time and amount of
spil! required to clear this material from the stilfing
basin can be determined from figure 27.

4. The spilling technigque developed in the model
successfully cleared approximately 900 yd® (688 m?)
of riverbed material from the Canyon Ferry spiliway
stilling basin.

5. Clearing the river bottom of loose riverbed material
down to bedrock for a distance of 100 feet (30 m)
downstream from the end sill will prevent the
- movement of riverbed material into the basin for river
outlet releases up to the design dlscharge of 9,500 ft*/s
(269 m*/s).

6, Operation of two river outlets in either a
symmetrical or asymmetrical pattern did not produce
as good a flow distribution in the stilling basin as
operating all four outlets uniformly,

7. Uniform operation of all four spillway gates gave
best spilling results. Acceptable asymmetfical spillway
releases through gates 2, 3, and 4 were too small, 4,000
ft3/s (113 m3/) or less, to be considered as an
alternate spillway release method.

8. The simultaneous operation of the two center
spillway gates {No. 2 and 3} with the two outside river
outlets {No. 1 and 4) may minimize the dissolved:gas

uptake. This simultaneous operation will also prevent
the movement of riverbed material into the stilling
basin, To prevent riverbed erosion downstream from
the stilling basin, this simultaneous operation shouid be
limited to a totai“release not to exceed 10,000 3 /s
{283 m*/s} over the spillway and 4,750 ft* /s {135

m /s) through the river outlets. Observation of the
simuitaneous operation is required on the prototype to
insure that the spillway nappe doss not intersact with
the river outlet jets, which could result in cavitation
damage to th2 spillway  surface. Analysis of the
dissolved gas uptake will also have to be performed on
the prototype. :

RECOMMENDATIONS FOR RELEASE

e

- OF SURPLUS WATER e

e
s
Releases Based on F!esults of Model Studies

3000 fr / or fess. Make the total release from
rivar outlets, egually distributed through all four
outlets. : - o .

2. More than 3.000 ft* /5.—Make the total release from
the splllwav, equally distributed through all four
spillway gates. - :

Alternate Methods of Release. :

To minimize gas supersaturation in the rivér
downstream from Canyon Ferry Dam, simultaneous
operation of the outside river outlets and the two
center spillway gates is recommended for releases
greater than 3,000 ft3/s.

o
1. 3,000 ft* /5 or less.~Make the total reiease from

river outlets, equally distributed through all four
outlets,

2. More than 3,000 f*/s and less than 9,500
@ /s.—Make equal releases from the two outside
river outlets and the two inside spillway gates.

3. More than 9,500 ft'/s and less than 14,750
13 4.—2,750 ft*/s from each of the two outside
river outlets and b0 percent of the remainder
through each of the two inside spillway gates.

4, More than 14,750 ft*/s.—Make the total release
from spillway, equally distributed through ail four
spillway gates.

5. When making releases simultaneously from both
the river outlets and the spillway, be sure the water
released from the spillway does not intersect the jet
of the water released from the river outlets. If it




appears this is about to happen, close the two river
.outlets and make the total release equally through
each of the four spillway gates.”

6. Pericdic soundings
from the basin should be made after spiliway
discharges have exceeded 6,000 $t7/5 {170 m®/s} in
order to monitor any erosion of the river bottom
which may occur in the area, due to the
simuitaneous operation,

"APPLICATION

A method of c¢leaning riverbed material from the
‘stilling basin, as determined from the mads| studies,
_ has been successfully applied at Canyen Ferry Dam.

Other results related .to. release methods to prevent.

riverbed material from entermg the spillway: stiilmg
) basin can be applled asa gu;de in future operations at
Canvon Ferry Dam.

INTRODUCTION

Canyon Ferry Dam is a feature of the Pick'Sioan
MMissouri Basin Program and is located 17 miles (27 km}
northeast of Helena, Montana, on the Missouri River.
The dam is a concrete gravity-type structure
approximately 1,000 feet {305 m} in length with a
maximum height of 225 feet (68.6 m} above the
foundation. The powerplant, on the right side of the
dam, is rated at 50,000 kilowatts. The dam was
constructed in the period 1949 through 1954,

Construction of the cofferdam for the Helena Valley

Pumping Plant, which is irmmediately downstream from.:

the spiliway stilling basin, was started in May 1957. By
June, the cofferdam was three-fourths complete when
large releases, required 1o pass reserveir inflows,
. washed away a major part of the earth cofferdam. The
cofferdam was reconstructed, and severe. cutting and
removal of sand and gravel occurred again during the
1958 releases.

Soundings have been taken of the stilling basin and of
the river channel immediately downstream from the
basin perigdically since 1960. The soundings indicate
that a considerable amount of riverbed material was
carried into the stilling basin, tn 1972 over 17,000 yd3
{12,000 m?} of material were removed from the basin
with a 3yd?® (2.3-m?} clam bucket mounted on a
platform barge. The material was carried t2 a disposal
site approximately 1 mile {1.6 km} downstream from
the dam. Soundings taken in July 1973 indicated that
approximately 900 yd?® (688 m?)} of riverbed material

immediately downstream -

‘were

were again depocsited in the basin.

In 1974 hydraulic model studies were requested by the -
Upper Missouri Regional Director to:

{a) Determine’ the cause {what release method) for
‘movement of rlverbed mater:al into the Spl“WEV
- stilling basin,

{b) Determine if the existing riverbed, downstream
from the basin, had stabilized, and

{c) If not, what would be required to stabilize the
riverbed or otherwise prevent the riverbed material
from entering the spillway stilling basin,

THE MODEL
Description

The model, constructed to a scale of 1:48, included
190 fest {58 m) of the upstream reservoir, the dam,
powerplant, Helena Valley Pumping Plant, and 450
feet {137 m} of the downstream river channel, figure 1.
To properly model the various releases from the
reservoir, provision for controlled releases from the
spillway, river outlets, powerplant, and pumping plant
included in the model. Each control was
calibrated before the test program started. A tailgate
assernbly and sand trap wiere used to controt the
downstream tailwater efevation and collect eroded sand
and gravel, Water was supplied to the model through
the permanent iaboratory Sys¥Em. Discharges were
measured by one of a bank of venturi meters installed
in the laboratory.

i3

_ Scale Relations

To express the mathematical relationship between the
hydraulic quantities of the model and the prototype,
the Froude Law of model similitude was applied. This
law is expressed in equation {1}. Hydraulic similitude is
established when this equality is satisfied.

v

Vi _ VY
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where:

V = velocity
g = gravitational acceleration-
L = linear dimension, and




subscripts p and m denote prototype and mode!,

respectively. The scale ratio is denoted by L., which-

mieans the ratio of the finear dimensions in the model

to corresponding dimensions of the prototype, L, =

L, .

-EL"--The scale relations, based on the Froude !aw, can
o) .

be expressed in terms of L, as shown below.

Dimension Scale Ratio
Length L, = ==148
Area (L, )2 =.1:2,304;
Velocity: (L, )”2 =1:6.93
Discharge {L, )5'2 = 1:15,963
Time (L, 37 < 1:6.93

The movement of riverbed materials was of special
interest in this siudy. To properly represent the
prototype conditions'in the model, determination of
the size, specific gravity, and in turn the settling
yvelocity of the mode! riverbed material was very
important,

Using the | roude Model Law, the settlmg velocity vatio
of the model to prototype riverbed material - was
(L)% or 1:6.93. Figure 2 relates the settling velocity
of the model and prototype riverbed material. The top
30 percent of the model material is very close to the
scaled settling velocity of the prototype material. The
lower 70 percent of the mode}l material is lighter than
the protctype material,

Verification

The scaling technique used to model the riverbed
material indicated the model sand selected for the
study adequately represented the prototype sands and
gravels.

To verify the Canyon Ferry model, the August 1970
sounding of the prototype stifling basin  and
downstream river channel (fig. 3}, was modeled (fig.

4a). The significant river outlet and spiilway releases .

were applied to the model on a compressed time scale
representing the 1977 releases from the prototype, test
5. (See Appendux for test conditions.) A major portion
of the 1971 releases inyolved the river outlet worles.

The results of the test (fig. 4b] were compared with the
September 1971 sounding of the prototvpe stilling
basin and downstream river channel (fig. 5}. Although
the test “results did not fully duplicate the 1971
seunding, the configuration of the relocated material in
the model was similar to that in the prototype. In both
the model and prototype, the 1970 deposition moved

e

away from the retaining walls and upstream ontc the
sloping apron of the basin. Compare figure 4a with
figure 4b and figure 3 with figure 5.

During the course of the study, the Regiona'!'_"i.‘)iirector
requested that model tests in¢lude a study of spillway
releases required to clear approximately 900 yd® (688
m?®) of sand, gravel, and rock fragments from the hasin. -
The tests predicted that a spill of 28,200 ft°/s (799

m?®/s) for approximately 3 hours would sweep the
hasin clear of this riverbed material. Shortly after these
‘mode]_tests, the suggested release was made at Canyon
Ferry Dam and soundings taken immediately after the
spiil verified this model test.

i

THE INVESTIGATION

Effect of Flow Release Methods -
on Riverbed Stability

Release -of surplus water through the Canyon Ferry
Dam spillway and river outlets has resulted in the
deposits of riverbed rmaterial in the spillway stilling
basin. The movement of this material has eroded the
concrete floor of the basin, The areas of greatest
concrete erosion, up to 1.5 feet {0.46 m), have
occurred on the sloping apron of the stilling basin,
figure 3. The model was tested to determine the effect
of flow release methods on the movement and
deposition of riverbed material.

River outlet works.—The river outlet works consist of
four 86-inch (218-¢cmn) diameter, horseshoe-shaped
conduits placed horizontally through the spillway
section, which exit on the face of the spiliway chute at
an invert elevation of 3649.91 {1112.5 m). Each
conduit has a 77-inch {195.6-cm) high-pressure
regulating gate. The design discharge for the four river
outlets is 9,500 ft3/s (269 m3/s). Although thé outlet
conduits are symmetrical with the stilling basin center
wall, they are not centered in the stilling basin bays,
figure 3.

A series of tests, 1, 7, B, 9, and 14, with releases of
9,500, 4,000, 5,000, 6,000, and 3,000 t* /5 {269, 113,
142, 170, and 85 m?/s}, respectively, was conducted
for time intervals representing 43 hours each in the
prototype. Figures 6, 7, and 8 illustrate the
downstream erosion and deposit of riverbed materiat in
the basin after each test.

Tests 1, 7, and 14 initially had clean stilling basins,
except for the grouted. grave! in the downstream left
corner of the stilling basin. The initial river bottom
configuration for these tests was similar to figure 8.




initial ronditions for tests B and 9 were the conditions
resufting from tests 7 and B, figures 6b and 7a,
respectively. '

Erosion of the downstream rtiver channel and
deposition of the eroded material on the sloping apron
of the stilling basin increased as the river outlet
discharge increased from 3,000 to 9,500 ft?/s. The test
results clearly indicate that operation of the river
outiets can carry large amounts of riverbed material
into the stilling basin. River outlet releases limited to
3,000 ft3/s or less result in very little movement of
riverbed material into the stilling basin, figure 8.

Test 16 was conducted to determine the effect of a
3,000-ft*/s river outlet release on the movement of

riverbed material already deposited in the downstream -

section of the stilling basin.” An initial discharge of
7,900 ft¥/5 {224 m?/5) through the river outlets carried

material into the basin. The spiflway gates were then -

opened releasing 15,000 ft®/s (4256 m3/s), which
moved the accumulated material into the downstream
section of the basin, figure 8a. The river outlets were
then operated at a reduced fiow of 3,000 ft*/s, which
produced the deposition shown in figure 2b. In
comparing figure 9b with figure 8, it is evident that
more riverbed material will be carried upstream when
there is an initial deposit in the lower section of the
-basin as compared to an initial clean basin.

Velocity measurements in the mode! determined the
direction of flow {in or out} and the velocity at three
half-sections in the stilling basin for the 9,500 ft3/s
river outlet release, figure 10. The flow pattern is
assumed symmetrical about the basin centerline. As
indicated earlier by the erosion patterns, a strong
undercurrent moves upstream in the basin, At the sill
section, Station 4+10, the core of the upstream current
lies on the sill approximately 75 feet (23 m) from the

training wail. The core rises from elevation 3605 at the

sitl to 3623 at Station 2+74. The core velocity of the
undercurrent increases from 5 ft/s {1.5 m/s) at the silf,
to 7.5 ft/s (2.3 m/s} at Station 2+74,

Figure 11 iflustrates the gemeral flow pattern in the
basin. The jet leaving the river outlet conduit stays in
the upper 20 fect {6.! m) of the basin depth and does
not penetrate to the floor of the basin. A large
longitudinal eddy is established in the vertical plane,
providing the means for carrying riverbed material into
the basin,

Similar velocity measurements were also made at the
sill, Station 4+10, for a river outlet release of 3,000
ft*/s {85 m3/s), figure 12. The core of the
undercurrent was located about 95 feet (29 m) from

the training wall and had a velosity of 3.1 ftfs (0.8
m/sh. .

Test 13 determined the effect of asymmetrical releases
from the river outlets. The design capacity of 2,376
ft3/s (67 m?*/s) was released through outlets No. 3 and
4 for a total discharge of 4,750 £2 /s (135 m3/s), figure
13. In comparing figure 13b with figure Ba, test 1, it is
apparent. that the erosion is more severe near the
pumping plant and at the sheet piling with the
asymmetrical operation. Although a comparabie
amount of material’ appeared to be carried into the

Tbasin”on the left side, it was not ail carried onto theé

sloping apron as in test 1. Approximately one-third
remained in the downstream portion of the basin.

Test 15 {fig. 14} compared the operation of outlets No.
1 and 4, releasing a total discharge of 4,750 ft3 /s, with
test 1, releasing the design discharge of 9,500 ft*/s
through four outlets, and with test 8, releasing a total
discharge of 5,000 ft?/s through four outlets. As
expected, because of the smaller discharge, both the.
downsiream erosion .and the amount of material
-carried into the basin were tess in test 15 than in test 1,
figure Ga. However, test 8 showed less downstream
erosion than test 15; compare figures 7a and 14. The
total release was approximately the same for these two
tests, but test B used all four river outlets, while test 15
used only outlets No. 1 and 4.

These tests indicate that all four river outlets should be
operated uniformly to achieve the best flow
distribution possible.

Spiliway—lit was noted early in the testing program
that small spillway releases would not sweep the basin
floor clean. Test 2, with a spillway relsase of 9,400
ffs {266 m>/fs), did not clear the riverbed material
initially in the basin, figure 15,

The results of test 2 indicated the possibility that
riverbed material might be carrgied,into the basin at low
spillway releases. Since there was some material
initially in the basin for test 2, it was difficult to
determine: whether the material present at the end of
the test was, in fact, carried in. Tests 24 and 25, with
spillway releases of 4,100 and 6,600 ft®/s {116 and
187 m3/s), respectively, were conducted to clear up
the question. Figure 16 illustrates no significant
movement of material into the basin at low spillway
releases. However, material initially present in the basin
will- be exposed to secondary currents and will
continue to erode the concrete floor when spillway
releases are not large enough to sweep the basin clean,:
figure 15b.




. and

Test 3 (fig. 17} was conducted with a spillway release
of 24,000 ft*/s (680 m3/s) using the results of test 2
{fig. 15) as the initial condition. As figure 17
illustrates, the basin was swept clear of riverbed
material, Minor erosion occurred in the channel
immediately downstream from the stilling basin end
sill. The spill required to clean various amounts of
material from the basin, will be covered in a later
section of this report. s

Because of the spray associated with spillway operation
and the resulting maintenance required on the
electrical eqguipment located on top of the powerplant,
it was reguested that the model spillway be operated
asymmetrically using gates 2, 3, and 4, with gate 1,
closest to the powerplant, closed. Tests 26, 27, and 28
were conducted operating gates 2, 3, and 4 uniformly
with total spills at 14,500, B,300, and 3,200 ft3/s (411,
235, and 110 m*/s}, respectively. During these tests,
the powerplant reteased 6,000 ft3/s {170 m?/s). The
larger spills of 14,500 and 8,300 ft® /s resulted in severe
erosion downstream from the end sill, figures 18a and
18b. The 3,900 ft?/s spill caused an insignificant
amount of erosion downstream from the basin, figure
18c. The only acceptable asymmetrical spillway release
of 3,900 ft3/s was too small to be considered as an
alternate method of spillway release. [t s
recommended that all four spillway gates be operated
uniformly. '

The center wall in the stilling basin was equipped with
six piezometers to determine the pressure on the wall
during the asymmetrical spillway cperation of tests 26,
27, and 28. Figure 19 shows the piezometer locations
also indicates the average. and maximum
instantaneous differential heads on the wall for each
test. - The maximum instantaneous differential head
occurred in test 26 at piezometer ‘No.:gwhere the
pressure differential was 6.0 feet (1.83 m).

Powerplant and Helena Valley Pumping Plant.~Test
BA determined the effect of the powerplant operation
on the movement of riverbed material near and in the
stilling basin. Before the start of the test some very fine
material was observed on the stilling basin floor. The
powerplant discharged 6,000 ft3/s for approximately
31 hours {prototype time scale}. There was no
movement of the fine material initially present on the

floor of the basin over this time span. Test 6B was an .

extension of test BA with the powerplant discharging
6,000 ft3/s and the Helena Valley Pumping Plant
turbines releasing 463 /s (13 m3/s] into the
downstream channel for a time span representing 10
hours in the prototype, Again, there was no indication
of ‘any movement of the fine material on the stilling
basin floor. A locnl scour hole and buildup occurred in

With the

front of the turbine outlet for the Helena Valley

Pumping Plant, However, this local scour phenomena
did not affect the movement of riverbed material ir- or
near the stilling basin. Figure 20 |[Iustrates the results
of Tests 6A and 6B: ' .

Combined river cutlet and spiffway refeases.—Model
tests indicated that the movement of riverbed material
can be controlled by limiting the four river outlets to a
total release of 3,000 ft3/s. When larger releases are
i :quired, .the river outiet works should be closed and
all releases made over the spillwav.

.H

recent interest in the effect of gas
supersaturation on fish life in the Columbia River,
spillways with  relatively deep stilling basins have
become suspect. Water released over the spiliway:
carries large quantities of air deep into the stilling
basin, The hydrostatic pressure in the basin forcas gas
into solution, resulting in supersaturated water. Fish
swimming in these waters take in dissolved gases
through their gills and in turn these gases are
transported into the body tissue by the bloodstream,
Gas-bubble disease results when the fish swim into
waters of lower pressure, where the dissolved gas
returns to its gaseous state.

The Canyon Ferry river outlets discharge across the
water surface of the stilling basin in contrast to the
deep plunging-type discharge of the spillway. With
respect to supersaturated water, the Canyon Ferry river

.Outlets provide a more acueptable release method than

the spillway,

In anticipation of future field tests to determine the
effect of release methods on gas supersaturation, a
laboratory test, was conducted using the left river
outlet to determlne the effect of such a field test on
riverbed stability. The test represented a Z:hour field
test where the left (No. 4) river outlet would be
opened in 10-minute intervals and held constant for
20-minute intervals for releases of 590, 1,180, 1,770,
and 2,380 ft3/s (17, 33, 50, and 67, m3/s) During the
field test, saturometer measurementsfw:li be recorded
for the various outlet openings during the 20-minute
hold intervals., The laboratory test indicated that the
amount of debris carried into the basin would be
minimal, less than that shown in figure 8.

Simultaneous operation of the two outside river outlets
{No. 1 and 4} and the two center spiliway gates (No. 2
and 3} should result in less gas supersaturation than
spillway-only operation” and also will result in less
movement of riverbed material into the basin than
river-outiets-only operation. Tests 34 and 38 were
conducted reieasing 4,750 ft3/s (135 m3/s) through




Test 3 {fig. 17} was conducted-with a spillway release
of 24,000 f°/s (880 m?®/s) using the results of test 2
(fig. 15) as the initial condition. As figure 17
illustrates, the basin was swept clear of riverbed
material. Minor erosion occurred in the channel
immediately downsiream from the stitling basin end
sill. The spill required to clean various amounts. of

material frcm the basin, will be covered in a Iater '

section of this report.

SBecause of the spray associated with splllway cperatlon
and the - resulting maintenance requnred on the
electrical equipment located on top of the powerplant,
it was requested that the model spillway be operated
asymmetrically using gates 2, 3, and 4, with gate 1,
closest to the powerplant, closed. Tests 26, 27, and 28
were conducted operating gates 2, 3, and 4 uniformly
with total spills at 14,500, 8,300, and 3,900 ft3 /51411,
235, and 110 m?/s), respectlve!y During these 1Ests,
the powerplant_released 6,000.ft>/s (170 m*7). The
farger spills of 74,500 and 8, 300 ft3/s resulted i in_severe

18. The 3,900 ft¥/s spill caused an indig
amount of erosion downstream from the basin, figure
18¢. The only acceptable asymmetrical spillway release
of 3,900 ft3/s was too small to, be considered as an
alternate method of splllway release. It is

- recommended that all four spillway gates be operated

uniformly.

I

The center wall in the stilling basin was equipped with

_5iX piezometers to determine the pressure on the wall

during the asymmetrical spillway operation of tests 25,
27, and 28. Figure 19 shows the piezometer locations
and also indicates the average and maximum
instantaneous differential heads on the wall for each
test. The maximum instantaneous differential head
occurred in test 26 at piezometer No.. 6, where the
pressure differential was 6.0 feet {1.83 m).

Powerplant and Hefena Valley Pumping Plant.—Test
B6A determined the effect of the powerplant operation
on the movement of riverbed material near and in the
stilling basin. Before the start of the test'some very fine .
-material was observed on the stiiling basin floor. The

_powerplant discharged 6,000 ft®/s for: approximataly

“31 hours (prototype’ time scale). There was el
mavement of the fine material initially. present on i
floor of the basin over this time span. Test 68 was'a
extension of test 6A with the powerpiunt dlschargmg
8,000 ft*/s and the Helena Valley Pumonng Plant
turbines refeasing 463 ft/s (13 m 3/a) into the
downstream channel for a time span ‘representing -10
hours in the prototype. Again, there was no indication
of any movement of the fine material on the stilling
basin floor. A local scour hole and buildup occurred in

front of the turbine outlet for the Helena Valley
PFumping Plant. However, this tocal scour phenomena
did not affect the movement of riverbed material ir-or
near the stilling basin. Figure 20 illustrates the results
of Tests GA and BB. ]

Combined river outlet and spifiway refeases.—Mode!
tests indicated that the movement of riverbed material
can be controlled by limiting the four river outlets to a
total release of 3,000 ft°/s. When larger releases are
required, the river outlet works should be closed and
all releases made over the spillway.

-\ith the recent interest in the effect of gas

supersaturation on fish life in the Columbia River,
spillways - with relatively deep stilling basins have
become suspect. Water released over the spiflway
carries large quantities of air deep into the stilfing
basin.. The hydrostatic pressure in the basin forces gas

.. into solution, resulting in supersaturated water. Fish

swimming in these waters take in dissolved gases
through their gills and in turn these gases are
trahsported into the body tissue by the bloodstream.
Gasbubble disease results when' the fish swim into
waters of lower pressure, where the dissoclved gas
returns 1o its gaseous state.

The Canyon Ferry -river outtets discharge across the
water surface of the stilling basin in contrast to the
deep plunging-type discharge of the spillway., With
respect to supersaturated water, the Canyon Ferry river
outlets provide a more acceptable release method than
the: Jplilwav

In anticnpatlon of future field tests to determine the

. effect of release methods an gas supersaturation, a ;3"-

Iaboratory test was conducted using the left river
outlet 1o determine the effect of such a field test on
riverbed stability, The test represented a 2-hour field
test where the left {No. 4} river ouilet would be

opened: in 10-minute intervals and held zonstant for
20-minute intervals for releases of 590, 1,180, 1,770,

“and 2,380 ft3/s (17, 33, 50, and &7 m?/s): During the
._held test, saturometer measurements will be recorded

fon the .varicus outlet openings durlng the 20-minute -
oid intervals. The laboratory test indicated that the
amount of debris carried into the "basin would be

mmlmal less than that shown in figure 8.

" Simultaneous operation of the two outside river outlets i

{No. 1 and. 4} and thc two center spillway gates {No. 2
and 3) should result. in less gas supersaturation than
spillway-unly operation and also will result in less

_ movement of riverbed. material into the basin than

river-outlets-only operation, Tests 34 and 38 were

-conducted reieasing 4,750 ft3/s (135 m?/s) through




the two outside river outlet conduits and 4,750 (test
34) and 10,000 ft3/s (283 m3/s) (test 38), through the
two. center spiliway gates, Figure 21. {lustrates the
success of the simultaneous operation in controliing
the riverbed movement.

Two possible adverse conditions which should be
monitored at the prototype structure are: (1}
cavitation damage to the spiliway flow surface and (2}
severe serosion of the riverbed. To prevent the
formation of cavitation and the potential for concrete
damage 10 the spillway flow surface, it is essential that
the spillway nappe and the river outlet jets do not
intersect. Suth interaction could result in
subatmospheric-pressures on the spiliway flow surface
leading to cavitation and possible concrete erosion.
Figure 21b iitustrates the severe erosion of the riverbed
material to bedrock downstream frem the spillway
stilling basin at the higher spillway release. Periodic
soundings immediately downstream from the basin

would allow the project to monitor any erosion of the

bedrock in this area.
Riverbed Stability

The term ‘'riverbed statility,”
wili- refer to the noticeable movement of riverbed
material with time, and, particularly in raference to
material moving upstream into the stilling basin.

One objective of the study was to determine if the river
channel downstreamn from the spillway stilling basin
was stable. Tests 1, 7, 8, 9, and 14 indicated that the
model riverbed was not stable when the river cutlets
released flows targer than 3,000 ft®/s (85 m¥/s). In
comparing figures 3 and 5, it is quite evident that the
prototype riverbed is also not stable. Therefore, studies
were conducted to determine what would be required
1o make the riverbed stzble.

Natural channe!.—Plywood was placed in the model to
represent the location of bedrock in the prototype
river channel. Three tests were conducted, releasing
9,500 ft*/s (269 m3/s) for a time representing 42
hours in the prototype. After each iest riverbed
" material was removed from the stilling basin, measured,
and not returned to the model. The material carried
into the basin was 1,300, 700, and 530 yd?® (994, 535,
and 405 m®} for tests 20, 21, and 22, respectively.
Figure 22 illustrates the movement of rwerbed material
after tests 20 and 21. :

The tests indicated that the riverbed downstream from -
the stilling basin will stabilize in time with repeated
operation of the river outlets and subsequent removal

- 31} was

as used in this report,

of the riverbed material carried into the basin.
However, this is not a practicable solution because of
continued abrasion damage and high costs for material
removal. As an alternative, the downstream river ¢

- bottom could be artificially stabilized with concrete

graut or bituminous grout.

Modifications.—A series of three tests (No. 28, 30, and
canducted to determine ihe- distance
downstream from the basin end sill which ‘vould need
to be cleared to bedrock to eliminate the movement of
riverbed material into the basin. For each test the

" riverbed was_ cleared of material to the simulated

bedrock, the full width of the basin extending 10 feet
{3 m) beyond the right training wall. The lengths of
riverbed cleared to bedrock downstream from the basin
end sill were 50, 75, and 100 feet (15, 23, and 30 m)
for. tests 29, 30, and 31, respectively. Downstream
from the cleared area, the invert sloped upward on a 4
to 1 slope to the existing riverbed, figure 23, For each
test the discharge was 8,500 ft?/s through the river.
outlets and 6,000 1% /s from the powerplant, for a time
period representing 43 hours in the prototype, These
tests indicated that the river bottom should be cleared
to bedrock for a distance of 100 feet downstream from
the stilling basin end sill, figure 24. The teft riverpank
between the stilling basin and the Helena Valley
Pumping Plant would also require extensive
stabilization to prevent the bank from sloughmg into
the excavated area, |

Studies were also conducted 1o determine the height
that wou!d be required of a wall on top of the end sill
to prevent movement of riverbed material into .the
stilling basin. Tests 32, 33, and ‘36 were conducted
with the river outlets discharging 8,500 ft /s for time
intervals representing 43 hours each. Test 32 consisted
of two 5-foot (1.5-m} high, 20-foot (6.1-m} long walls,
centered 65 feet {19.8 m) from the training walls. The
walls in tests 33 and 36 were 8 feet {2.4 m) and 12 feet
(3.7 m) high, respectively, and extended the full width
of the basin. Figure 25 illustrates the results of each
test. The riverbed material moved around the walls in
test 32. In test 33 the riverbed material accumulated
against the downstream face of the wall and then
overtopped it. The 12-foot-high wall in test 36 was
sufficiently high to prevent river material from
overtopping into the basin. The small amount of
material collected in the basin during the . test is .
believed to have come in under the wall where it~
contacts the right training wall.

There are some obvious disadvantages to the end sill
modification. The wall would make it very dlfflcult to
sweep the basin clear by spilling action and aiso mlght




have'a detrimental effect on the stilling action of the
basin at larger spiliway discharges.

Spill Required to Clean Stilling Basin

Since spillway or river outlet releases are necessary
approximately 6 out of every 7 years at Canyon Ferry

Dam, the idea of sweeping future deposits of material N
out of the basin by spillway veleasas was considered. "

Tests 10, 11, and 12 were conducted to determine the
minimum spillway release required to sweep the basin
clean with approximately 400 yd®: {306 m®) of
material deposited on the sloping apron. Figure 7b
iflustrates the approximate initial condition for these
tests. Figure 26 illustrates locations of the deposited
riverbed material after spiilway operation at discharges
of 11,000, 20,800, and 24,400 t3/s (312, 589, and
691 m3/s), tests 10, 11, and 12, respectively. The
24,400 ft*/s spill essentially cleaned the basin in 2
hours as compared to 6 hours for the 20,800 ft3 /s,

Tests 17, 18, and 19 were conducted to determine the
spillway discharge and time required to clear the basin
of 1,000 yd* (765 m®) of debris. The 24,300, 28,200,
and 30,200 fi*/s (688, 799, and 855 m3{s) spills
cleaned the basin in 6, 3, and 2-1/2 hours, respectively.
These tests verified the fact that the larger releases
cleared the basin of debris with less time and total
water than the small releases. The curves in ').jigure_27
illustrate the relationship of the variables,” spillway
discharge (Q), time of spill (T), and volume of
deposited material to be removed from stitling basin
{Vm).

Thie Upper Missouri.Regional Office used the results of
these tests to formulate an operating procedure to
remove approximately 900 yd* {688 m¥) of debris
from the Canyon Ferry Dam spillway stilling basin. On
May 8, 1974, the Canyon Ferry Dam spillway gates
were -opened in increments of 5,000 ft2/s (142 m?/s)
over g 10-minute period and held at each increment for
20 minutes until a3 total spiliway discharge of 28,200
/5 was achieved. The spillway discharged for 3 hours
at 28,200 ft3 /s and then the gates were closed over an
18-minute interval. During the spill, the powerplant
releases continued unchanged,
additional 5800 f/5.{167 m®/s) into the downstream
cnannel. The Helena Valley Pumping Plant turbine afso
operated to prevent riverbed materials from being
washed into the turbine draft tubes., The peak
discharge into the river was about 34,500 ft? /s (977
m? /s} for 3 hours. Four staff gages monitored the river
level below Canyon Ferry Dam, The changes in stage at
the gaging stations are shown in figure 28. Soundings
taken on May 9 and 10 indicated that.the spill was
successful in flushing the 900 yd® of material from.the

discharging an ~

basin. it was later verified by divers that the spill had
swept the basin clean of all material except that
material lodged under exposed reinforcement. :

oy




Reservoir

Spillway radial gates

Powerplant

River outlets

Helena Valley Pumping Piant

Figure 1. 1:48 Scale model layout af Canyon Ferry Dam. Photo
P296-D-757239
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5+03.03

4+55.03

4+07.03

a. Results of test 1, Q = 9,500 ft3/s.
Compasite of photos P296-D-75707
and -75708

— 5+03.03

— 4+55.04

4+07.03

b. Results of test 7, Q = 4,000 ft’/s.
Composite of photos P296-D-75716
and -75717

Figure 6. Results of civer cutlet
releases, tests 1 and 7.

13




—4+07.03

a. Results of test 8, Q = 5,000 f/s.
Composite of photos P296-D-75718
and -75719

5+03.03

4+55.03

4+07.03

b. Results of test 9, Q = 6,000f:3;‘s.
Composite of photos P296-D-75720
and -75721

Figure 7. Results of river outlet
releases, tests 8 and 9.




Q= 3,000 ft*/s

i Figure 8. Result of river outlet release, test 14.
: Composite of photos P296-D-75727 and -75728

15




a. Riverbed material deposited in
lower half of the basin afier 15,000
ft3/s spillway discharge. Photo
P296-D-757 32

b. View of basin after operation of
river outlets at 3,000 ft”/s. Note
riverbed wmaterial depasited on
sloping apron. Photo P296-D-75733

Figire 9. Result of river outlet
release with debri  initially in the
basin, test 16.
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Figure 10. lsovels—river outlets O = 9,600 ftals.
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STATION 4+ 10

Approximate Area of Upstream Flow

. ' a3
Figure 12. Isovels—river outlets O = 3,000 12 /s,




a. Outlets No. 3 and 4, total O =
4,750 ft*/s. Photo P296-D-75725

5+59.03

5+03.03

4+55.03

4+07.03

b. Results of test 13. Photo
P296-D-75726

Figure 13. Asymmetrical operation
of tweo river outlets, test 13.




a. Qutlets No. 1 and 4, total
Q. ="4,780 ft3/s. Photo
P296-D-75730

4+07.03

b. Results of test 15. Photo
P296-D-75731

Figure 14, Symmetrical operation of
two river autlets, test 15.




5+99.03

5+99.03

5+03.03

i —— 4+55.03

>

b, View of basin and downstream rivier channed after test 2. Photo P296-D-757 10

Q- 9,400 (/s

Figure 15, Result of spillway release, test 2,




5+03.03

4+55.03

4407.03

a. Results of test 24, Q=4,100
ft%/s. Photo P296-D-75738

— 4+55.03

4+07.03

: o]
e — e gy T g
.

!. 3 I . &

b. Results of 1est 25, Q=6,600
ft3/s. Photo P296-D-75739

Figure 16. Result of small spillway
releases, tests 24 and 25.




— 5+69.03

View of basin after test 3, basin
swept  clean  with minor  erosion
downstream of end sill. Q = 24,000
ft"/s. Composite of photos
P286-D-75711 and -75712

Figure 17. Resukt of large spillway release, test 3,




a. Results of test 2B, gates 2, 3, and
4, total Q= 14,500 f1’/s. Photo
P296-D-75740

b. Results of test 27, gates 2, 3, and
4, total Q= 8,300 ft3/s. Note some
riverbed material moved into right
bay of basin. Photo P296-D-75741

c. Results of test 28, gater 2, 3, and
4, total Q = 3,900 ft'/s. Photo
P296-D-75742

Figure 18. Results of asymmetrical
spillway operations, tests 26, 27, and
28.
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Figure 18. Basin canter wall pressures with asymmetrical spillway oparation.
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— 5+99.03

— 5+03.04

—4+55.03 L

4+07.03
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Figure Z0. Results of powerplant and Helena Valley Pumping

Plant operations, tests 6A and 6B. Photo P296-D-75715
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— 5+03.03

a. Results of test 20, river outlet Q =
9,500 £ /s, Composite of photos
P296-D-75734 and -75735

— 5+99.03
i — 5+03.03

i

Y]
i f — 4+55.03
= 4+07.03

b. Hesultas of test 21, river outlet Q@ =
9,500 ft'/s. Compostte of photos
P296-D-75736 and -75737

Figure 22. Stability of downstream river channel,
tests 20 and 21.
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—5+99.03

s e

a. Results of test 29. Riverbed
cleared to bedrock for BO feet, river
outlet @ = 9,500 f1°/s. Composite of
photos P296-D-75743 and -75744

5499.03

o 44+55.03

4+07.03

b. Results of test 30. Riverbed
cleared to bedrock for 75 feet, river
outlets Q = 9,500 ft” /s. Composite of
photos P296-D-75746 and -75747

Figure 24. Downstream river channe!
cleared to bedrock, tests 29, 30, and
31.




4 __ 549903

4+07.03

vah A

c. Results of test 31. Riverbed
clearect to bedrock for 100 {1, river
outler @ = 9,500 ft7 /s. Compasite of
photes P286-D-75748 and -75749

Figure 24, {continued).



a. Results of test 32. Two,
5-fuot-high, 20-foot-long walls. Note
material on rloping apron. Photo
P296-D-75750

b. Results of test 33. One,
8-foot-high wall extending full width
of basin. Note downstream riverbed
material overtopped the end sill wall.
Photo P296-D-75751

c. Results af test 36. One,
12-foot-high wall extending full
width of basin. Piioto P296-D-75754

Q = 9,500 f1°/s

Figure 25. End sill wall studies, tests
32,33, and 36.
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a. Test 19. basin after 6 hours, Q =
11,000 ft” /s. Photo P296-D-75722

b. Test 11, basin essentially cleaned
after 6 hours, Q= 20,800 ft:’,ls.
Pheto P296-D-75723

c. Test 12, basin essentially cleaned
after 2 hours, Q= 24,400 ftsIs.
Photo P296-D-75724

Figure 26. Spill required to clean
stilling basin of 400 yd~, tests 10, 11,
and 12,




T
Q-4.:?iogT+ 19,500
V= Volume of deposited materi

T=Time of spill in hours

 Q=Spillway release in ft¥s

o
";\
-'—
.
c
o
o
2
=
w

1500 ~ 2000
vm, yd3

Figure 27. Removal of riverbed material from stilling basin.
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APPENDIX

Log of Model Tests

Time in hours

Model

Prointype

Comments

Operations

Soillway

River outlets

Powerplant

Pumping piant

Gates Discharge
ft'/s

Gates Uischarge
ft* /s

Discharge
fr'ss

Lhscharge
fth /s

6.25
B.25
6.00
200
3.50
8.00
4.00
4.00

4.50
150
6.25
6.25
6.25
2.75

6.58
6.25
5.75
4,00
1.80
6.17
1.20
1.20
1.20
6.25
6.CD

43
43
4
21
24
55
28
28

a1
iQ
43
43
~3
19
6

Verification test

Gates 1, 2, 3, 4. 6,000 ft* /5 decreating to
2000 ft' /s over 4 hours

“tnitial condition, 400 yd* debris in basin
Initial condition, 40 yd* debris in basin
Initial condition, 400 yd? debris in basin

Initial cendition, 1,000 yd* debris in basin
Initial conditirs, 1,000 vd* debris in basin
Initial condition, 1,000 +d* debris in basin
Veiocity measurements [bedrock installed)

Velocity measuremenis

Riverbed cleared 1o bedrock 50 feet down.
strearn fram basin

Riverbed cleared 10 bedrock 75 feet dawn-
stream from basin ;

Riverbed cleared to hedrock 100 feet down-
siream from basin

Two 5-foot-high, 20-{pot-long walls on tap
of end sill

8-fout-high wall on 16p of end sill, extended
fult wigth of basin

Simu ltaneous cperatien

Initial condition, 1,900 yvd® debris in basia

12-1oat-high wall on top of end sill, extended
1uli width of hasin

12-1aot-high wall on top of ead sill, extended
full width of basin

Simuitaneous operation

9,400
24,000

7,400
8,000

1,2,3,4 9,500

1.2,3.4 2,000
1.2,3.4 7,300

*See Comments
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CONVERSION FACTORS—BRITISH TO METRIC UNITS OF MEASUREMENT

The following conversion factors adopted by the Bureau of Reclamation are those published by the American
Society for Testing and Materials (ASTM Metric Practice Guide, E 380-68) except that additionai factors ("}
cammoenly used in the Bureau have been added. Further dlscussmn of definitions of quantities and units is given in
the ASTM Metric Practice Guide.

The metric units and conversion factors adopted by the ASTM are based on the “International System of Units"
(designated Si for Systeme International d‘Unites}, fixed by the International Committee for Weights and
Measures; this system is also known as the Giorg: or MKSA {meter-kitogram (mass}-second-amperel system. This
- systern has been adopted by the [nternational Organization for Standardization in ISO Recommendation R-31,
[4
The metric technical unit of force s the kilogram-force; this is the force whirh when appfied to a body havinga- -
mass of 1 kg, gives it an acceleration of 9.B0665 m/sec/sec, the standard accel .+ n of free fall toward the earth's
center for sea level at 45 deg latitude. The metric unit of foree in Sl units «- .. newton (N}, which is defined as
that force which, when applied te a body having a mass of 1 kg, gives it an acc 1tion of 1 m/fsec/sec, These units
must be distinguished from the (inconstant) local weight of a body having a . 5 of 1 kg, that is, the weight of 2
body is that farce with which a body is attracted to the earth and is equal 10 tt.-- mass of a body multiptied by the

acceleration due to gravity. However, because it is general practice to use "pound” rather than the technically

correct term “pound-force,”

the term “kilogram™ {or derived mass unit) has been used In this guide instead of

“kilogram-foree™ in expressing the corversion factors for forces. The newtor unit of force will find i |ncreasmg use,

and is essential in Sl units.

Where approximate or nominal English units are used 10 express a value or range of values, the converted metric
units in parentheses are also approxirmate or nominal. Where precise English units are used, the canverted metric

units are expressed as equally significant values,

Table |

QUANTITIES AND UNITS OF SPACE

- Multiply By To obtain
LENGTH
Mil o e 254 (exactly) ... ... ... . e, Micron
inches . .. ............ 254 (exactly} . ... . ... .. .00 Millimeters
Inches . . ., o v iv v inns o 254 [exactly}® ... ... .. ... e e e Cencdimeters
Feet .. ......... ... .. 3048 {exactly) ..... . oo Centimeters
Feet . ... ............ 03048 (exactlyl™ .. ... .. ...l ¥ Meters
Feet ... ... .- . ...... 00003048 {exactlyl™ ... ......... -, Kitomezers
Yards ... . ...ty 0.9144 {exactlyl ., ... .. ... e s Meters
Miles {statuted . ... ...... 1,609.344 (exectly)* ... ....... e Maters
Miles . ....oovvinii s 1609344 {exactly) . .00 v i e Kilometers
AREA
Squareinches .. ......... G451 G dexactlyl L ... ... .. ... .Square centimets;:
Squarefest ............ 92003 ... e "Square cemimeters
Squarefeet . ........... 0092903 .. ..t e e ". Square meters
Squareyards , ., .....,.,... 0838127 .. ... .. .. ... e e e Sguare meters =
ACIBE o v it v i va v a s 040469 . ... i e Hectares
ACFBS . . o i i e e B X L .- Square meters
Agres ., ... e ‘00040469 L L L. .. ...l Square kilometers
Squaremiles .. ......... 258999 . .. ... .. ... Square kilometers
VOLUME
7
Cubicinches . .......... 163871 .. ... .. /A, Cubig centimeters
Cubicfest . . ........... o0za3es ... .[L‘; ............... Cubic meters
Cubicyards ,.....vv.v.s : 0764565 .. ..., My e rm ey Cubic meters
CAPACITY
Fluid ounces (U8 .. ...." : 295737 i e e Cubic centimeters
- Fluid ounces {US] . ...... 295720 L e e Milliliters
Liquld pints (US.) . ..... .. 0473179 .. i i e Cubic decimeters
Liquid pimts (US.} .. ... ... 0473168 .. .. .. cviuu s e i e, . Liters
Quarts {US) ~. ... ... TBAB3BE. L. .. i e e Cubic centimeters
Quarts {US) -........ ... 0948331 L. ... ... T Liters
Gallons(U.8.) . . ......... 378543 ... ... Cubic centimeters
Gallons(US) ........... 78543 ... Cubic decimeters
Gallons{US.} .. ... 0 v u 378533 . ... i Litars
Gallens{US) ....... L "OO0378543 . . ... ... s .+« » . Cuhic metars
I Gallons (UK . ... 454609 .. ... .. e ", . Cubig decimetars
73 Gallpns{UK)) . ......... ABABOE |, L. L. i i i s Litars
- Cubicfeet .. ...\t ZB3IE0 . ... ... Liters
Cubicyards . .ou v v vu e vin s B 7 -1 T Liters :
Acrefent . ... .. 0.l R < T . Cubic meters
Acrefeet .., ... ....... 1,233,800 .. e e e e e s Liters | -
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