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- ABSTRACT -

Model studies were conducted to develop the hydraulic design of the
approach channel, intake structure, tunnel transition section, in-.
clined tunnel, vertical bend, tunnel trajectory, combination stilling
basin-flip bucket, and the stream channel protection.’ Reshaping
the approach channel improved the flow pattern. . Approach channel
construction limitations were recommended. The center p1er in the
transition section was altered to improve flow conditions in the in-
clined tunnel. The tunnel trajectory extending to the combination
stilling basin-flip bucket was modified to eliminate severe subat-
mospheric pressures. © “A combination stilling basin-flip bucket was
developed to still a minimum of 12, 000 cfs and to flip a jet down- -
stream for flows up to 92, 000 cfs.. This basin satisfactorily dis-
charged the ant1c1pated maximum diversion flow of 31,000 cfs. A
vent was installed in the crown of the tunnel to prevent the tunnel
from filling when discharging diversion flows up to 20,000 cfs. A
stoplog storage facility at the downstream end of the stilling basin-
flip bucket, was developed to prevent the stored 1ogs from being -
dislodged by the spillway flow. Riprap protection for the left bank
of the stream channel downstream from' the basin was determined.
The amount of tailwater drawdown at the powerplant and outlet
works re...ultmg from the operation of the splllway fl1p bucket was
determined. :

DESCRIPTORS - -#Spillways /outlet works/ diversion works/ tunnels/
*flip buckets/*stilling basins/intake structures/radial gates/piers/
bends/discharge coefficients/roughness coefficients/tunnel hydraulics /
hydraulic similitude/transducers/piezometers/jets/riprap/stream-
flow/diversion tunnels/tailrace/*hydraulic models/ bank protectlon/
computer programming/ hydraullc Jumps ' v i

IDENTIFIERS--Subatmospheric pressures / approach channels / tunnel
transitions /tunnel trajectories
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PURPOSE |

The studies were conducted to develop he hydraulic design of the =
spillway approach channel, the intake structure, the tunnel trans1t10n
section, the inclined tunnel, the vertical bend, the horizontal tunnel,
the tunnel trajectory, the combination stilling basin-flip bucket, and
the stream channel protection.” D1ve*s1on flows through the. splllway
stilling basm were also 1nvest1gated :

- CONCLUSIONS

1. The general concept of the preliminary design was satisfactory.

2. Reshaping the approach channel 1mproved the flow pattern and
reduced the amount of excavation, Flgures 17.and 18. = . ‘

3. Spoil from approach channel excavatlon should be leveled to eleva-
tion 3547, Flgures 19 and 20.

4, The spillway will discharge the desig‘n flow of 92, 000 cfs. (cubic, L
feet per second) at approximately design reservoir elevation of 3660.
D1scharge curves for gate controlled flow and for free flow are shown
in Figure 24. ¥ _

5. The center pier in the transition section was modified to reduce
the fin of water extending downstream from the pier; otherwise, the
flow through the tunnel transition section, inclined tunnel, vertical

bend, and straight tunnel was satlsfactory, Figures 25 and 27

6. The tunnel trajectory leading to the. combma’uon st1111ng basin- f11p
bucket was modified to eliminate severe subatmosphemc pressures
along the tunnel invert.




7. A combination st1]1mg basin-flip bucket was developed to st111
flows up to atleast 12, 000 cfs, and toflip flows greater than 12, 000 cfs
into the river channel, Figures 40, 42, and 43. The basm 'satis-~
factorily discharges the antlc1pated maxlmum diversion flow of
31, 000 cfs, Figures 55 and 57. .

8. -An air vent was installed in the crown of the tunnel tra]ectory
near the point of curvature to prevent the tunnel from filling when
discharging diversion flows up to 20, 000 cfs, F1gure 55. :

9. A stoplog storage facility was deve10ped at the downstream end
of the stilling basin-flip bucket to prevent the stored logs from :
being dislodged by the splllway flow, Flgures 48 and 49. o o

10. The extent of rlprap needed for protectlon of the left bank of
the stream channel downstream from the spillway stilling basin for
spillway flows up to 12, 000 cfs was determmed F1gure 51

11. The tailwater drawdown at the powerplant and outlet Works,
Figures 53 and 54, as caused by operation of the spillway was . e
measured. It was determined that insufficient tailwater would ST o \
exist for operation of the outlet works when the powerplant is not T
operating and the spillway flow exceeds about 20, 000 cfs.
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INTRODUCTION

Yellowtail Dam is the pr1nc1pa1 feature of the Yellowta11 Unit of the
Lower Bighorn Division of the Missouri River Basin Project. Itis - =

located on the Bighorn River about 45 miles southwest of Hardin, cR
Montana, Figure 1. The dam is a concrete arch structure about ' B
1, 400 feet long and 525 feet high, Figures 2 and 3. The principal

hydrauhc features are the tunnel sp111way, the river outlet works, e

and the powerplant. : , : ' g

The spillway, Figures 2 and 3, consists of an approach channel, a
radial gate-controlled intake structure, a concrete-lined tunnel, a
combination stilling basin-flip bucket, and a short discharge channel



to the river. The approach channel floor, Flgure 4, is at elevatlon
3580, 13 feet below the spillway crest and 80 feet below maximum
reservoir elevaiion. The intake structure, Figure 5, consisfs of
two radial gate-controlled sections converging into a single tunnel
The tunnel, Figure 6, curves downward through a transition: section
to a 55° slope. The transition changes the tunnel shape from an arch
roof rectangular section at the entrance portal to a circular section.
The sloped tunnel tapers from 40 feet 6 inches to 32 feet in diameter
at the beginning of the vertical bend. The vertical bend has an invert
radius of 290 feet. The tunnel leaves the vertical bend on a slope «
of 0.004, and the tunnel diameter remains at 32 feet to the exit portal
at the st1111ng basin, 1201,53 feet downstream from the P, T, of the -
bend. Approximately 155 feet upstream from the exit portal the tun-
nel bends downward 15.51 feet along an 1nvert radlus of 815 feet to '
the st1111ng basm floor :

The exit portal is 1, 733 feet downstream from the crest ar-d 250 feet
upstream from the end sill of the st1111ng ‘basin, Figure 7. The basin
floor is at elevation 3140 or 453 feet below the spillway crest The
stilling basin has a semicircular bottom the same diameter as the
tunnel, Figure 8. The combination stilling basin-flip bucket is de-
signed as a hydraulic jump energy dlssmator for flows up to at least
12, 000 cfs and then acts as a flip bucket in projecting flows greater U
than 12, 000 cfs into the downstream river channel. A stoplog stor- .

age facility is located at the downstream end of the basm for storage "
of the downstream bulkhead, Flgure 9 : :

During construction of the dam," the near horlzontal portlon of the
tunnel downstream from the vertical bend will be part of the diver-
sion tunnel, Figure 3. During diversion the basin may be requzred
to discharge as much as 3x OOO cis from approx1mate1y reservou' 3
elevation 3280. : . ‘ :

The powerplant and river outlet Works, Figures 2 and 3 are located :
at the toe of the dam approximately 1, 000 feet upstream from the
spillway stilling basin. The powerplant accommodates four 62,500~

kw (kilowatts) generating units, and the outlet works includes two 84-- - .
inch hollow-jet valves discharging 1nto a st1111ng basin along the right

side of the powerplant.

The capacities of the outlet works and powerplant are 5, 000 and
3,000 cfs, respectively. These flows, together with 12, 000 cfs
from the spillway, provide a flood capacity of 20, 000 cfs that can
be discharged without using the splllway stilling basin as a flip

bucket. . The capacity of the spillway using 1 the stllllng basm as a
flip bucket is 92 000 cfs. =




Model studies fox the outlet works are described in Hydraulics Branch
Report No, Hyd-482.1/ Studies of the preliminary ‘spillway and out-
let works in whiclk: the hydraulic requirements were different than -
in the present study, are discussed in" Hydraulics Branch Report
No. Hyd-414.2/ SR S R ‘

Dimensions of the hydraulic featﬁres are listed in Table 1 fbr‘bdfh
English and metric units, =~ . - o ) G
THE MODEL

Scoge

The model, Figures 10 and 11, was a 1:49.95 scale reproduction of
the gpillway including the immediate reservoir area surrounding the
approach channel, and areachof river channel extending approximately
2, 800 feet downstream from the powerplant., Althoughhydraulic studies -

of the river outlet works and the powerplant were not conducted in this:.

model, flows from these structures were represented in the river
channel, S : T T e T

Hydraulic Losses

The model was geometrically similar to the preliminary design of the
prototype except for the length and vertical drop of the near horizontal
tunnel downstream from the vertical bend. Head losses due to friction
in the model are usually greater, proportionately, than those indicated
by the model scale because model surfaces sufficiently smooth to rep-
resent scaled prototype surfaces do not exist, Therefore, to maintain
the scaled velocity of the flow entering the stilling basin, it was neces-
sary to either increase the slope or reduce the horizontal length of the
tunnel. Since geometric similitude at the vertical bend was desired,
the tunnel length was reduced in this study. e oA o

The required reduction in tunnel length was determined for flows of

12, 000 and 92, 006 cfs by computing the velocity and depth of flow b
throughout the tunnel to the point of curvature of the vertical curve = %

leading to the stilling basin for both model and prototype tunnels,
Figure 12. The equivalent prototype velocities in the model were
computed using a model roughness coefficient "n'' of 0.008 in the

Manning's equation. This is equivalent to approximately 0.015 in the .
prototype. A value of 0.014 was used for the prototype computations.

T/Hyd-482, "Hydraulic Model Studies of Yellowtail Dam Outlet Works
TFinal Studies),' by T. J. Rhone. ' _ T R

2 /Hyd-414, '"Hydraulic Model Studies of Yellowtail Dam Spillway and
Dutlet Works (Preliminary Studies), " by G. L. Beichley.




i

These depths and velocities were initially computéd 'manﬁaily and.
later confirmed by means of an electronic digital computer program, ‘ Qx
Appendix A. , Setee L T ‘ s

For 92, 000 cfs, in the prototype the velocity and flow depth were
computed to be 137.5 feet per second and 24. 5 feet, respectively.
For 12, 000 cfs the computed values were 82.5 feet per second and
7.5 feet, respectively. In the model, for both 92,000 ard 12, 000
cfs, equivalent prototype velocity was reached approximately 310 =
prototype feet upstream from the P.C., Figure 12; therefore, the
model was shortened an equivalent amount, 6.26 feet, : S

Reservoir

The reservoir area was contdined in a 12- by 12-foot head box which -
allowed reproduction of the topography along the left bank of the -
reservoir for approximately 500 feet upstream from the spillway
intake structure, Figure 13.. Topographyin the‘reservoir area =
was molded of concrete mortar placed on metal lath which had been
nailed over woodentemplates shaped to the ground surface contours.
The surface was given a rough finish to simulate the natural topog- '
raphy of the prototype. Excavated cut surfaces were givena :
smooth finish. A 6-inch-wide rock baffle was installed along the
right-hand and upstream sides of the box to quiet the reservoir

water supply. ~ e ‘ S e

The reservoir water surface elevation was measured by means of a - -
hook gage mounted inawell on the side of the head box. The well
was connected to a piezometer tap located in the floor of the box
near the right side of the baffle where the velocity of approach was

negligible,

Intake Structure

The spillway crest was molded of concrete screeded to sheet metal

templates. The sidewalls, center pier, and radial gates of the intake

structure were constructed of No. 16-gage. sheet metal, ~Piezometers
were installed in the spillway crest and consisted of 1/16-inch-inside-
diameter brass tubes soldered at right angles to the profile shape

and filed flush. e R T 2

i Yy
i O

Tunnel

The spillway tunnel from the intake structure to the stilling basin,
Figure 11, was constructed of transparent plastic. The center pier.
in the intake structure was constructed of sheet metal and sugar -
pine. Plastic piezometers having a 1/16-inch-inside diameter were
inserted along the invert of the tunnel transition section.” The uniform.
diameter tunnel downstream from the vertical bend was made from
commercial extruded plastic pipe. The inside diameter of this pipe
governed the scale of the model.




Combination Stilling Basin-flip Bucket

The circular bottom of the sp111way st1111ng basm-—fhp bucket extend- o
ing from the tunnel portal to the horizontal invert of the basin was
molded in concrete. The remainder of the basin was constructed of
sheet metal. Piezometers made from 1/16-inch-inside-diameter.
brass tubing were installed in the basin walls, along the mvert and
along the lip of the flip bucket.

Powerplant and Outlet Works

The downstream face of the powerplant, the weir, and the outlet -
works stilling basin were constructed of wood, Figure 14, The 84- :
inch hollow-jet valves were simulated by use of 2-inch model hollow-
jet valves. These valves were not to geometmc scale but since the
outlet works basin was not bemg tested in this. study, the valve size
was not important. ; :

Stream Channel

The banks of the stream channel, F1gure 10 were molded of con-
crete in the same manner as the reservoir area. The riverbed be-
low elevation 3180 and theleft bank immediately downstream from the -
stilling basin were initially constructed.of gravel and sand for erosion
studies, and later covered with alayer of concrete. Tailwater staff B
‘gages were installed at the powerplant and at statmns 1,300 and 2, 800
feet downstream from the powerplant. : ‘

Water Supply

Water was. supplled to the model from the laboratory s permanent sup-
ply system. Forpreliminary studies of the spillway stilling basin-flip -
bucket, the water supply was pumped directly tothe tunnel downstream
from the verticalbend. Thismade itpossible to study the stillingbasin -
for diversion flows while other parts of the model were under construc-' -
tion. The depthand velocity of flow at the exit portal of the tunnel were
controlled by means of a slide gate installed approximately 600 feet
from the portal. Water was supplied to the powerplant and outlet works -
through a separate piping system shown in F1gure 15. :

THE INVESTIGATION

The investigation was concerned with flow conditions inthe spillway
approach channel, the intake structure, the tunnel transnlon sec- .
tion, the inclined tunnel; the vertical bend ‘the near homzontal tun-
nel, the tunnel trajectory to the stilling basin; the comb‘natlon still-
ing basin-flip bucket, and the river channel. 'The river channel
studies were conducted with and without the powerplant and outlet
works operating in conjunction with the spillway.,




Spillway Approach

Pre11m1nar;g.--Flow through the prehmmary splllway approach chan— [
nel in general was satlsfactory, Figure 16A. However, at the design
flow of 92,000 cfs, minor disturbances occurred around the 90° wing-
walls at the intake structure and around the nose of the right bank,

Mod1f1cat10ns.--Stra1ght 45° wmgwalls at the 1ntake structure were
installed and tested, but proved to cause more disturbance than'the . .
preliminary curved walls. Since the disturbances at the 90° wmgwalls
were minor, no further testing of wingwalls were conducted and the "~
pre11m1nary wingwall was. accepted for prototype use. -

In an effort to reduce the excavation requlrements the approach chan-
nel widths of other structures that had been modeled were analyzed ,
to determine a feasible approach channel velocity. In'the preliminary
Yellowtail Dam spillway model studies2/, the design flow was 173, 000
cfs and the average velocity was computed to be approxnnately 11 feet
per second at the approach channel entrance and approximately 15 feat

per second near the intake structure. In the Glen Canyon Dam. spﬂlway, el

the average velocity for the design flow of 138, 000 cfs was measured

in the model to be equivalent to approx1mate1y 8-1/2 feet per second at
the approach channel entrance and approx1mate1y 15- 1/ 2 feet per second
near the intake structure. ‘ ‘ ‘ B

Based on this analysis, the w1dth at the entrance to the approach chan-
nel was reduced from approximately 140 to 120 feet, This reduced
width produced a computed average velocity of approximately 9-1/2
feet per second at the ‘entrance to the approach channel and approxi-
mately 13 feet per second near the intake for the design flow of 92, 000
cfs. Flow through this narrow approach channel, was very smooth
except for increased d1sturbances around the nose of the rlght bank
Figures 16B and C, SEe : ~

Recommended ~--The narrow approach channel was chosen for proto-
type use, Figure 4. Minor modifications, including a long radius
of curvature around the nose of the right ‘bank and a 2:1 downward
slope at the upstream end of the approach channel floor; -were-in-
cluded in the recommended design. A natural depressmon in the
prototype topography passed through the right bank of the approach
channel, Figure 18. However, the model tests showed that this
depressmn did not contrlbute materially to.any disturbance in the
flow. .

Flow conditions in the recommended de51gn were very good for all
discharges, Figures 17 and '18. However, some minor disturbances
still occurred along the right bank. By means of dye sireamers it
was determined that these disturbances were caused by flow currents
originating deep in the reservoir and rising to the water surface
along the nose of the right bank.

376,




Prototype construction. --During prototype constructlon the excavate‘“u” R
material from the approach channel was bulldozed over the cliff at the
entrance to the approach channel, Figure 19. When the approach chan-
nel was completed, this loose material extended to the elevation of the ‘
approach channel floor. It was feared that it might be carried into tun-
nel by the spillway flow and abrade the concrete tunnel lining. There-.
fore, the amount and location of this loose material were measured in

the prototype and represented in the model using white sand, 0.2 milli- .
meter in diameter, Figure 20A. This sand closely represented the
scaled size of the prototype. mater1al

Tests initially were conducted with the loose materml graded to the
same elevation as the approach channel floor, elevation 3580. Tests
indicated that at maximum discharge, the top of this loose material
would be carried into the approach channel and over the crest of the -
spillway into the tunnel, Figure 20A : o

The top of the spoil was lowered to elevatlon 3563 for a second test,
Figure 20B. Materialnear the nose of the right bank, where velocities
were comparatively high, was still carmed mto the tunnel by the des1gn
discharge. :

A third test was made with the material leveled to elevation 3547,
Figure 20C. For this test, the material near the nose of the right
bank was moved but was not carried into the approach channel, These
tests indicated that the looce matemal should be leveled at least to .
elevation 3547. ; ‘ :

Intake Structure

General appearance. --The intake structure, Figure. 5 dzscharged all
flows in a very satisfactory manner, Figure 21. The water surface -
was as smooth as could be expected. Water surface profiles along
each wall and each side of the center pier were well below the gate:
pins for maximum des1gn ﬂow, Flgure 22.

Pressures. —-Pressures were measured along the crest proflle near
the training wall where the crest curvature was the greatest and
along the centerline of one bay. All pressures;were near atmos-
pheric or above for the des1gn flow and for 12,000 cfs d1schargmg
from maximum reservoir elevation .through a 5 foot gate -opening,
Figure 23. The lowest pressures were recorded at the p1ezometers
located on the centerline crest profile for a gate -controlled flow

of 12, 000 cfs. :

Spillway capacity. --The discharge capacity of the spillway was deter-f
mined for both uncontrolled and gate-controlled flows. The results
are plotted in Figure 24. The design flow of 92, 000 cfs was dis-
charged at approximately design reservoir elevation 3660.




The free discharge coefficients were computed for the data pomts
using the equation, Q = CLH3/ 2, where @ is the dlscharge, L is
the crest length of both bays, H is the difference in elevation between
reserveoir water surface and crest, and C is the coefficient. The
results are plotted in Figure 24. For the design flow of 92, 000 cfs,
the coefficient was approx1mate1y 3 34 wh1ch was very close to the =
design value. : :

Trans1t10n Sectmn

Flow charac‘cerlcclcs.— =The pre11m1nary trans1t10n between the gate
section and the circular tunnel performed very well and requlred no .
modifications, Figure 25, The pre11m1nary center pier shown in
Figure 26 was not completely satisfactory in that an air pocket and

a large fin of water formed downstream from the pier. The fin was
objectionable because:it 1mp1nged upon the crown of the inclined tun-
nel, possibly resulting in excessive air entrainment in the prototype
flow. Bulking of the flow, due to the air entrainment, might crowd
the tunnel and hinder the normal passage of air reqmred for the proper
ventilation of free flow. Although the problem did not appear to be
serious even at the design discharge, several modified piers were
tested to eliminate or reduce the magmtude of th1s fln. : ‘

Due to the nonsymmetrlcal approach channel a rldge of water also
occurred along the right wall of the transition. This ridge of water
fluctuated as indicated in Figure 25, but d1d not spm over the crown
of the tunnel, . : ‘

Pier modifications.--The preliminary pier, Figure 26, was 1ehgthened‘
from 57. 53 to 102.5 feet and tapered to nearly a knife edge at the
downstream end. The air pocket was eliminated and the fin was
greatly reduced with this modification; however, a thin layer of water
climbed the tunnel sidewalls and folded over much like the center fin
that had formed with the shorter pier. Apparently, the longer center
pier crowded the flow to the sides. This water added to the ridge of
water already occurring along the rlght wall and made the fin larger -
on the right wall than on the left wall. : :

For the second tr1a1 tne p1er was shortened to 45 feet ‘the minimum
length required for structural support of the tunnel roof. The short -
pier intensified the fin which struck the crown of the tunnel at a dis-
charge of 70, 000 cfs, or about 15, 000 cfs less than observed with the
preliminary pier.

Next, the pier was lengthened 25 feet at the water surface for de31gn
flow. Below the water surface, the length of the extension was reduced
to zero at the invert along a concave path.




This modification eliminated the formation of an air pocket at the end:

of the pier and provided excellent flow:conditions for all discharges.

The fin was nearly eliminated and the water surface at.the walls of the

tunnel was lowered. However, a plezometer installed on the floor of

the tunnel near the corner of the end of the pier showed subatmospherlc

pressures equal to about 10 feet of water. Air vents were drilled in

the end of the extension to relieve the low pressure, after which the : :
air pocket and the fin of water again formed. L B ‘ R o ‘

Recommended pier ~-Other shght varlatlons were tested W1th minor
degrees of improvement before arriving at an acceptable pier design.
The pier recommended for the prototype was the 45-foot-long pier with
the downstream end extended to a line normal to the invert as shown

in Figure 6. This modification did not eliminate the fin, Figure 25,

but reduced the size of the air pocket and, ‘in turn, the 51ze of the fm.

Pressures.--A low- pressure area in the transmon was detected a.s
shown in Figure 26; however, the minimum observed pressure was no
more than 5 feet of water below atmospheric and occurred only for
maximum design flow. Pressures approached atmoepherlc as. the dls-
charge was decreased. '

Inclined Tunnel, Vertical Bend and Horlzontal ‘Tunnel.

Flow characteristics. --The tunnel design is shown in Flgure 8. Wlth
the reduction in the magnitude of the fin, as discussed in the pre-
ceding section, the flow through the mclmed tunnel, vertical bend,
and horizontal tunnel was excellent at all discharges, Figure 27,
There was very little tendency for the flow to climb the walls of the
tunnel downstream from the bend, 1nd1cat1ng that bend radlus was
ample. :

Pressures.--Pressures 1"ecorded along the invert of the inclined tun-
nel and vertical bend were well above atmospheric for maximum
design flow, Figure 28. Piezometers 64 and 65 show the magnitude
of the force on the invert of the vertical bend. R

Preliminary Stilling Basin-flip Bucket

Test procedures.--The initial investigation of the tunnel trajectory and
combination stilling basin-flip bucket was made with the water supplied
directly to the nearly horizontal portion of the tunnel. A slide gate was
installed 600 feet (12-foot model) upstream from the P. C. of the tunnel
trajectory to control the depth and, therefore, the velocity of flow in
accordance with the computed -depths and velocities shown.in Figure 29.

The combination stilling baein-ﬂip bucket, F igure 30, is deSigned to
act as a hydraulic jump stillinng basin for flows up to 12, 000 cfs, with




the powerplant and outlet works dlschargmg an add1t1ona1 8, 000 cfs
thus providing a total discharge of 20,000 cfs. Based upon the pre-
liminary tailwater curves that were prepared specifically for the
model study, Figure 31, the tailwater elevation for 20, 000 cfs could
vary about 4 feet, depending upon the amount of storage behind the
afterbay dam 2 miles downstream from the stilling basin. Spillway

. flows in excess of the maximum stilling basin flow will sweep the
hydraulic jump from the basin, thus convertmg the basm to a flip
bucket, ‘ o ‘

Flow characterlstlcs. --The prellmmary comblnatlon st1111ng basin-
flip bucket is shown discharging 12, 000 cfs at maximum tailwater
elevation in Figure 32A. Surges occurred at the upstream end of the
basin. These were due to the rather flat slope at which the flow

- entered the basin, Occasmnally these surges filled the tunnel at the
exit portal, The hydraulic jump occupied the upstream portion of
the basin indicating that the basin was longer than necessary. -

The basin was capable of stilling approximately 25 percent more
than the 12, 000 cfs requlrement before the hydraulic jump swept
from the bucket for the minimum antlclpated tailwater elevation.
This observation was another indication that the basin was longer
than necessary.  Therefore, it was estimated that the 330-foot-long
basin could be shortened approxnnately 25 percent or 75 feet

The basm performing as a fllp bucket is shown dlschargmg the max-
imum flow of 92, 000 cfs in Figures 32Band C, All discharges from
the fllp bucket produced jets that were qulte uniform and well p051—
tioned in the stream channel ‘

Channel erosion.--The canyon walls were covered with a considerable
amount of talus. It was planned to remove all such material includ-
ing much of the overburden immediately downstream from the basin.
The amount of excavation or the location of rock contours was not.
known at the time of these preliminary tests; therefore, the model

left bank was initially installed as a loose gravel’ slope.  Later the = -
rock contours were installed in concrete and the amount of riprap
required for protection of the overburden for st1111ng basm flows

up to 12, 000 cfs was determmed :

For flip bucket flows, a considerable amount of erosion occurred in .
the loose rock of the model riverbed as shown for 92, 000 cfs in -

Figure 33. However, the prototype streambed is much more stable
than loose rock and erosion to this extent 15@01 expected. Considering
the extremely infrequent operation as a fhp bm*ket it was considered -
desirable to allow the jet to erode and, if ne: ce, sary, clean the proto-
type channel after each occurrence. The elevatlon of the deposited
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material was of more concernthanthe eroded hole, since the bar formed
by the deposited material would dam the channel and raise the tailwater -
elevation at the powerplant and outlet works. This would reduce the
efficiency-of both. The amount of material in the bar and thus the

amount of channel cleaning necessary would depend upon the size of
the eroded hole and the amount of material washed from the canyon '
walls. This could.not be determmed 1n the model study. : '

Flip bucket pressures. --Pressures measured in the flip bucket of
the basin are recorded in Figure 34, The pressures varied from
about 105 feet above atmospherlc to 5 feet below atmospherlc and are
similar to those found in other structures 3/ ~

Modification of the Stilling Bas1n—ﬂ1p Bucket

Flow characteristics. --As a result of the preliminary tests, thebasin
length was shortened 75 feet from 330.feet to 255 feet; the floor and
bucket lip elevations were not changed, Tests indicated that this
shorter basin was deeper or longer than it need be since 12, 000 cfs
swept from the basin at a tailwater well below the minimum elevatlon
of 3186 when the powerplant and outlet works were operatlng

Next, the basin floor was ralsed 5 ‘feet to elevatlon 3145.; W1th this
arrangement, the jump for 12, 000 cfs swept out at tailwater elevation
3181; and at minimum tailwater elevation 3186 the basin was capable
of stilling about 13, 300 cfs before sweepout, Thus, this basin pro- :
vided a safety factor of 5 feet of tailwater depth or a discharge safety
factor of about 1, 300 cfs above the 12, 000 cfs, Test 1, Figure 35. L

The basin was shortened further to 200 feet w1th the basin ﬂoor at
elevation 3145 and the bucket lip remaining at elevation 3170. The
hydraulic jump for 12, 000 cfs was swept from this basin arrange-
ment at tailwater elevatlon 3186, thus,” Just barely satlsfymg the
design requirement,

Flip bucket flows from this basm produced rather ragged Jets for
certain discharges. Therefore, the flip bucket portion of the basin
was altered several times in attempts to improve the jet and to pro-
vide sweepout for 12, 000 cfs at a lower tailwater. ~

Changing the bucket radius from 150 to 138 feet and leavmg the 11p
of the bucket at elevation 3170 improved the jet appearance but did
not lower the sweepout tailwater elevation below elevation 3186 for
12, 000 cfs, Test 4, Figure 35, However, increasing the length of .
th1s basin from 200 to 220 feet and leaving the basin floor at eleva-
tion 3145 lowered the sweepout tailwater 2 feet to elevation 3184

and increased the basin stilling capacity to about 12,500 cfs at

3/ASCE Transactions, Volume 126, Part I, 1961, Paper No. 3236,
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tailwater elevation 3186, Test5, F1gure 35. Therefore a 220-footlong
basinwith the floor atelevation 3145anda 138-foot radius flip bucket with
the lip of the bucket at elevation 3170 was tentatively accepted until it
could be further tested with the ’cunne1 flow or1g1nat1ng in the model
reservoir.

Preliminary Tunnel Trajectory

Test procedure. --The preliminary tunnel traJe ctory shown in Flgure 30
was designed for the average flow velocity for 92, 000 cfs and tested with
the tentatively accepted basindescribgd above,. During these tests the
tunnel flow depths and velo c1ty were conbrolled by the model slide gate.

ﬁ

Flow characteristics. --The flow dis \trlbutlon was poor near the tun-
nel portal at the downstream end of the trajectory particularly for
the higher flows. The water surface at this point was much higher
on the centerline than at the sides of the tunnel

Pressures. --Subatmospherlc pressures recorded along the traJectory, ‘
Figure 36, also indicated that the curvature of the trajectory was too
rapid. For the maximum flow of 92, 000 cfs, pressures were approx-.
imately 25 feet of water below atmospherlc near Piezometer 4 on the
trajectory centerline. Other flows down to 23, 000 cfs also produced
pressures below atmospherlc ‘at this pomt

To be sure that the proximity of the slide gate control was not affect—
ing the pressures or the flow distribution, the slide gate was moved
upstream a distance equivalent to approximately 900 prototype feet.
Tests with the gate at both locations produced approx1mate1y the same
flow distribution and pressures. ;

Recommended Tunnel Trajectory

Description. --A velocity profile for maximum discharge was meas-
ured at the point of curvature of the trajectory, Figure 37. Using
the maximum measured velocity of 158 feet per second; a new
parabolical trajectory was computed. The parabolical curve was
then very closely approximated by an 815-foot-radius arc for the
recommended trajectory, Figure 6. This trajectory continued from
the portal to the basin floor, Figure 7. At the time of these tests
the basin floor was at elevation 3145, This trajectory to the portal
was 27.03 feet longer than the preliminary trajectory. The length
of the trajectory from the tunnel portal to basin floor corresponded
closely to the 0.234 tangent slope in the prehmmary design.

Flow characteristics. --This longer trajectory improved the flow
distribution at the tunnel portal by providing a more level water
surface, Figure 38. As a result the appearance of the flip bucket
jets was improved.




Pressures. --The pressure gradients along the invert of the recom-
mended trajectory were greater than atmospheric except for a short
length in the vicinity of Piezometer 4 which was 6 feet of water below f
atmospheric for maximum flow, Figure 40, - : i P AT

Pressures also were measured withthe source of flow controlled by the
slide gate and again later in the model study with the source at the
model reservoir for comparison, Figures 38A and B. In general, the
agreement between pressures measured when the flow was controlled

by the two methods was quite good. However, for flows less than ;
46, 000 cfs the pressures were lower for reservoir-controlled ﬂow(sﬁ;,
indicating higher velccities throughthe tunnel than when controlled bfy
the slide gate. This would affect the stilling basin sweepout tests.

v

Modified Stilling Basin-flip Bucket"

Flow characteristics. --The tentative stilling basin-flip bucket de-
veloped using flows controlled by the slide gate was 220 feet long
with the invert at elevation 3145. After changing the flow source
to the model reservoir, the hydraulic jump swept out of the basin
with the tailwater at Station 28+00 at approximately elevation 3189, -
for 12, 000 cfs discharging from reservoir elevation 3657, Test 6, ‘

Figure 35. This tailwater was about 5 feet higher than the sweep- |

out tailwater with the preliminary trajectory and with the flow con-
trolled by the slide gate. This tailwater was also 3 feet above min-
imum tailwater elevation 3186, Thus, the velocity of flow entering.
the basin was very critical in determining the tailwater elevation at
which sweepout would occur. ‘ R BRI

Recommended Stilling B‘as‘in-flip Bucket

Stilling basin flow characteristics. --The basin was lengthenedto 250
Teet and the invert of the basinfloor lowered 5 feet to elevation 3140 for
the prototype design, Figures 7and8. For 12, 000 cfs the jump remained
inthe basinfor tailwater aslow as elevation 3183, and at elevation 3186
the hydraulic jump remained in the basin for flows up to about 12, 800 cfs,
Test7, Figure 35. Withno flow through the powerplant and outlet works,

the jump for 12, 000 cfs will be swept from the basin at tailwater elevation L

3186, However, thisisnotan anticipated operating condition.

Water surface profiles along the basin walls are shown in Figure 41
for 12, 000 cfs with minimum and maximum tailwaters. The appear-
ance of the flow in the basin for 12, 000 cfs is shown in Figure 40,

Flip bucket flow characteristics. --Flip bucket flows from the recom-
mended stilling basin-flip bucket with and without the powerplant dis-
charging are shown in Figures 42 and 43, respectively. With the
powerplant discharging, the tailwater under the jet was above bucket
. lip elevation 3170. For this condition the center of the underside of
the jet was pulled downward, presenting a ragged appearance, This
condition also existed for small flip bucket flows without the power-
plant and outlet works operating because the smaller jets did not
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lower the water surface under the Jet to below 11p elevatlon Flgure
43A. For flip bucket flows greater than 23, 000 cfs the water surface
at the bucket lip was about 1,5 feet lower than at Station 13+00 in the:
adjacent stream channel. : :

The jet was well positioned in the river channel and was quite com-
pact for the small flows and for the large flows. For intermediate
flows near one-half design capacity, the jet was somewhat ragged as
it left the flip bucket, Flgure 44A, Jet measurements are recorded
in Figure 45, :

Water surface profiles, shown photographlcally in Figure 44 and
graphically in Figure 41, were not uniform in cross section from

one side of the basm-ﬂlp bucket to the other. However, due to the
shortening of the model tunnel that was made to correct for friction
head loss, the cross-sectional flow distribution in the prototype basin
would 11ke1y be different than was observed in the model. The profiles
were obtained to aid in the structural design of the basin walls and in
determining the location of the drains through the left wall. The
drains were to be located above the water surface of any high-velocity
flow to prevent possible cavitation erosion damage to the concrete.

Stilling basin-flip bucket pressures.--Pressures were measured in-
the stilling basin-flip bucket by use of water manometers for dis- -
charges of 12, 000, 46,000, and 92,000 cfs, Figure 46. These
pressure measurements were made to aid the designers in the
structural design of the training walls, to determine pressure dis-
tribution on the flip bucket, and to detect any subatmospheric pres-
sures that might cause cavitation erosion. Pressure:distribution
on the flip bucket was similar to that recorded for other structures
previously tested in the laboratory.3/ Slightly subatmospheric pres-
sures were detected on the downstream face of the bucket 11p, but in
general the pressures were ‘well above atmospherlc.

To obtain data for use in the des1gn of the training walls, selected
piezometers in the maximum pressure areas near Stations 22+98. 12
and 24+47,12 were used to measure instantaneous dynamic pressure
fluctuations, Figure 47. The pressure ‘measurements weremade =
using pressure transducers and a six-channel direct-writing oscillo-
graph. A typical pressure fluctuation diagram taken from the
direct-writing oscillograph is shown in Figure 47, Approximately
99 percent of the time the fluctuation of the instantaneous pressure
above or below the average was less than 10 percent of the average
pressure., Occasionally the fluctuation at some piezometers reached
30 percent. The average water manometer pressure plus 10 percent.
was used in the design of the walls.

3/ibid.




Stopliog storage facility.--When it becomes necessary to unwater the
basin, stoplogs will be used to provide a bulkhead at the downstream
end of the basin., When not in use, the stoplogs will be stored by
spanning the basin from the top of one training wall to the other, ‘
Figure 9. There will be six stoplogs; each will be 18 inches wide
by 3 feet 8 inches deep made up of three 18 WF 96 beams and will
weigh 11, 200 pounds. ,

Tests were conducted using model logs to determme how hlgh above
the flow and how far upstream the logs should be stored to prevent
the flow from striking the logs. The model logs were constructed
of wood and were geometrically dimensioned. One log was loaded
with nails to provide the correct model welght :

For small flows and for large ﬂows, the jet d1d not 1mp1nge cn the
logs when they were stored at the downstream end of the basin at
normal training wall elevation 3204. However, for intermediate’
flows, Figure 48A, large particles of water separating from the
jet impinged upon the logs and sometimes dislcdged them. There-
fore, it was necessary to develop a facility that would store the
stoplogs and prov1de a walkway a safe dlstance above the Jet

The weighted log was tested at various elevatlons and dlstances ;
from the end of the basin to determine the desired location of the.
downstream log. It was decided to place the downstream log at the
minimum recommended distance from the downstream end of the .
basin wall and 11 feet 5 inches above normal training wall elevation
3204, Figure 49. Even here, particles of water from the flow some-
times wobbled the logs and d1slodged the walkway grating, Figure 48.
Therefore, full length guides are to be -provided for log storage to
prevent the logs from d1s10dg1ng, and the walkway gratings are to

be securely fastened. .

Channel erosion.--The banks of the river channel downstream from
the stilling basin consist of a considerable amount of a talus type of .
overburden that could quite easily be washed into the stream channel.
The overburden will be removed to bedrock downstream from the
spillway stilling basin to provide a discharge channel into the river,
Figure 2. About 163 feet downstream from the end of the basin the
bedrock angles to the left so that it was necessary to extend the

left bank of the discharge channel through the overburden. Riprap
will be used to protect this portion of the bank from washing into the
channel for spillway flows up to 12, 000 cfs.

Erosion tests of the left bank were made using sand to repre sent the over-
burden and gravel up to three-fourths inch indiametertorepresent the




riprap. Adischargeof 12, 000 cfs with the h1ghest antlclpated ta11water
elevationfor 20, 000 cfs prov1ded the severest conditions for bank erosion,
Waves overtopping the layer of riprap which was initially installed to
elevation 3195, Figure 50, collapsed the upstream end of the rlprap
during a 1 ~hour (model) test. : |

These tests indicated that the top 1ayer of r1prap should extend to -
elevation 3205 at the upstream end and slope downward to elevation -
3195 at the downstream end of the riprap slope,  Figure 51, The
tests also indicated that the upstream end should be reinforced with
anextra-thicklayer of riprap. A 4-hour model erosiontest withthis
arrangement produced practically no movement of rlprap for the most
severe operatmg cond1t1on, Flgure 51, , ,

Tailwater condltlons.-—Tallwater condltlons at the powerplant out-

Tet works, and spillway stilling basin were investigated for various

flow conditions. The tailwater elevation was controlled approxi-
mately 1, 500 feet downstream from the spillway stilling basin at river
Station 28+00 in accordance with the values shown on Figure 31. For
flows up to 36, 000 cfs a minimum and maximum tailwater elevation
was ant1c1pated depending upon the amount of storage in the afterbay
dam 2 miles downstream. For flows greater than 36, 000 cfs the after-
bay dam will wash out and the tailwater elevatmn at: Statlon 28+00 w111
depend upon the extent of the fa:lure. -~

Tailwater elevations in the model were first checked with those antic-
ipated in the prototype for a flow of 8, 000 cfs from the powerplant
-and outlet works with no flow from the spillway. For maximum antic~ -
ipated tailwater elevation at Station 28+00, the tailwater at the power-
plant and at Station 13+00.were approx1mate1y 0.2 foot higher than
shown in Figure 31. For minimum anticipated tailwater at Station
28+00, the water surface elevations at the powerplant and at Station
13+00 were approx1mate1y 1 foot hlgher than shown 1n Flgure 31

When the spillway is d1schargmg 12 000 cfs in add1t1on to 8, 000 cfs
from the powerplant and outlet works, the total flow at Statlon 28+00-
is 20, 000 cfs. This operating condition at the powerplant, outlet
works and sp111way stilling basin, is shown in Figure 52 for the -
anticipated minimum and maximum tailwater elevations at river
Station 28+00. The tailwater elevations at Station 13+00 and the
powerplant were apprommately 1 foot below those shown in Flgure 31
for both minimum and maximum elevations.

When the spillway flow was increased to approximately 12, 800 cfs
in addition to 8, 000 cfs from the .powerplant and outlet works, the
jump swept from the basin with minimum tailwater at Station 28+00,
Figure 35, and the tailwater elevation at Station 13+00 and the
powerplant was drawn down approximately 5 feetto elevation 3182,
With maximum tailwater at Station 28+00, which is approximately

4 feet higher than minimum tailwater, the flow swept from the basin
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at approximately 13, 800 cfs and the taﬂ,water elevatlons at Station
13+00 and the powerplant were drawn down to approx1mate1y elevatlon o
3186, Figure 53.

Increasing the spillway flow to 23 000 cfs while mamtammg the
powerplant and outlet works at 8, OOO cfs lowered the tailwater eleva-
tions at the powerplant and at Statlon 13+00 to a.pprox1mate1y 3178,

and 3177.5, respectively, Figures 53 and 54. Increasing the sp111-
way flow or changing the tailwater elevation at Station 28+00.in ac- -
cordance with whether or not the afterbay dam was washed out did not
appreciably affect the tailwater elevatlon at Station 13+00 or the
powerplant. . - :

Closing the powerplant, 1eav1ng 5, 000 cfs through the outlet works
lowered the tailwater at the powerplant and Station 13+00 to eleva-
‘tions 3176.5 and 3175.5, respectively, Figures 53 and 54. This is
1 foot below the minimum tailwater elevation for which 5, 000 cfs ;
through the outlet works was de51g‘ned 1/ ‘Therefore, the outlet works
should not be operated at maximum des1gn flow while the spillway is
dlschargmg apprommately 23,000 cfs or more, unless the powerplant
is operating. : ‘

When the outlet works was ‘closed leaving only 3, 000 ‘cfs through
the powerplant and at least 23, 000 cfs through the spillway, the
tailwater atthe powerplant and ‘Station 13+00 was loweredto approx-
imately elevations 3175 and 3174, respectively, Figures 42, 53 and
54, Closing both powerplant and outlet works lowered the tailwater ,
elevation at both the powerplant and at Station 13+00 to approximately
elevations 3171.7 and 3171.3, respectlvely, ,Flgures 43 53, and 54.

After completlon of the model study the afterbay dam was de31gned for
a reservoir storage capacity of 3, 150 acre-feet at water surface:
elevation 3192, Therefore, the tailwater curves shown 1nF1gure 31,
will not be valid. However, operation of the afterbay dam is such
that the gates will be opened completely before the riverflow reaches
20, 000 cfs. With the afterbay dam gates open and for flows near
20 000 cfs, the tailwater at Stations 28+00, 13+00 and the powerplant
will be apprommately as shown on Figure 31 for the 2, 700-acre-foot™
afterbay dam. The hydraulic design of the st1111ng basm was based .
upon this tailwater elevation, as well as the minimum tailwater and
therefore is a satisfactory design.

If the material removed from the riverbed or from the channel banks
by erosion is deposited in the river channel, the tailwater elevation
at the powerplant will be higher than those elevatlons shown in Fig-
ures 53 and 54. Tests conducted with an erodible bed, Figure 33,
showed that a bar of eroded material would be 'depositedto elevation
3195 in the river channel. Tailwater elevationsinthe powerplant
tailrace for this condition, are shown in the following table:
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Spillway
discharge
cfs

Outlet

works and

powerplant
discharge
cfs

' Total
discharge

cfs

Tailwater
- at elevation

downstream
river gage

~ Tailwater
elevation
‘at

38, 000
61, 000
84, 000

8, 000
8, 000
8,000

46,000

69, 000

92,000

Station 28+00

'l‘3195,5
3200.5
13202.0

| powerplant

3184
3188

3188

A further test was made to determine the highest possible water sur-
face at the powerplant. To obtain this information the spillway gates
were suddenly closed while the powerplant and outlet works were dis-
charging 8, 000 cfs and while the splllway wis. dlschargmg 92, 000 cfs.
With the bar deposited to elevation 3195 in the river. channel, a wave
traveled upstream and reached elevation 3194 at the powerplant. With
no bar, the wave reached elevation 3189. This information was used
to determine to what elevation protect1on agamst ﬂoodmg should be
provided at the powerplant : :

Diversion flows.--Before connecting the model reservoir to the hori- -
zontal tunmel, the modified basin that had been developed at that time
and the recommended trajectory were tested for diversion flows of
20,000 and 31,000 cfs, Figu ‘Minimum tailwater elevations

re 55.
as shown in Flgure 31 at Station 28+00 for both flows were used in the
test since the afterbay dam would not be in ex1stence durmg the dlver—'
sion period.

For 20, 000 cfs, the flow in the tunnel tra;ectory was expected to be
about 21, 4 feet deep, and flowing at a velocity of about 35 feet per
second. For 31, 000 cfs, the flow depth was expected to be 25.3
feet and the velocity about 46 feet per second. These depths were
controlled by the slide gate in the model tunnel. :

For 20,000 cfs, the position of the toe of the jump fluctuated within :
the tunnel near the portal exit. The hydraullc jump sealed the portal
part time and eventually evacuated the air and filled the tunnel.
Similar conditions existed for 31, 000 cfs, but the tunnel filled more
rapidly.

These flow conditions suggested that the tunnel be vented, and a 12-
inch air vent was located in the crown of the tunnel at the point of
curvature of the tunnel trajectory. . With this vent, the tunnel flowed
a little more than one-half full for 20, 000 cfs, Figure 55. For

31, 000 cfs, the tunnel flowed full to the air vent and was partially
full from the air vent to the portal. The exact discharge for which
the tunnel upstream of the vent filled was not determined. The still-
ing basin performance was satisfactory for both flows, Figure 55.




Water surface profiles along the training walls of the basin are re-
corded in Figure 56, Pressures along the invert of the tunnel tra-
jectory, Figure 404, were above atmospheric, ' - L

After completion of the diversion flow -é’tudieAsl, "th'e ‘model résez?i)oir >
and remainder of the spillway tunnel was installed for further develop-

ment of the stilling basin. The recommended basin was 30 feet longer

and 5 feet deeper than the -one tested for diversion flows and the air ..

vent was located downstream from the P.C. of ‘the tunnel trajectory. = - -

Tt was believed that these changes would not adversely affect the opera-
tion of the basin for diversion flows but that the tunnel might fill at a
lower discharge since the air vent was located at a lower elevation.

During construction of the dam and before completion of the right - =~
wall af the prototype stilling basin, the structure was required to
operate, Figure 57. A peak flow of 25,500 cfs was satisfactorily ‘
diverted through the structure. The model operation of the ‘modified
basin at a similar flow as shown for the prototype in Figure 57 is .
shown in Figures 55A and C. = =~ = e R



APPENDIX A
by D. L. King
Electronic Digital Computer Program to Determine Water Surface
Profiles by the Standard Step Method S ‘

The subject computer program was developed primarily for determin-
ing water surface profiles for supercritical flow in scale models.of
hydraulic structures, such as tunnel or chute spillways or canals, but -
is equally applicable to investigation of prototype structures. ‘

The program is written in the FORTRAN II (FORmula TRANslation) -
language for an IBM 7090 computer (see Program Listing) and can
be used for rectangular, trapezoidal, circular or compound (such:
as the Yellowtail Spillway type of rectangular to circular transition)
sections. The program has been used on a large solid state com-
puter located at the National Bureau of Standards in Boulder, Colorado.

The water surface profiles are computed‘by th’e'Standafd step method

: e . 2/3 .,1/2,
which consists of solving Manning's flow equation V. =—-—R / S /; |
where V is the mean velocity in feet per second, n is the coefficient
of roughness, R is the hydraulic radius in feet, and. S is the slope .
of the energy gradient. In this method the distance between stations
is known and the correct depth at each station is determined in the

computations. ‘

The computation is carried forward in a series of steps as shown in -
the flow chart, Figure 1, beginning with a known depth of flow (such
as critical depth) at the first station. The depth of flow is used in
the computation to obtain the area, velocity, velocity head, and hy-
draulic radius. Mannins's equation can then be solved for the slope
of the energy line, S. ~he loss in head due to friction is then com- -
puted by multiplving S by the length of reach. The program also
contains provisions for computation of additional losses due to transi-
tions or bends and losses acerued prior to the beginning station. The
vertical component of the depth, the velocity head, and the friction
head losses are summed to determine the total head. This value is -
compared to the total head at the first station (or reservoir elevation
where applicable). If the two values do not compare within specified
limits, a new depth is assumed and the steps are repeated. ~

The program increments the depth in intervals of 0.1 foot until the
correct total head value has been passed. The increment is then
changed to 0.001 foot and changed in sign so that the computation
proceeds in the opposite direction until the correct value of total head
has again been passed. The program then performs a test to see if
the current depth or the depth used in the previous step results in a




total head nearer to the ‘pzy'escmbed‘value. The approprlate depth is
then printed along with the statmn mvert elevatmn veloc1ty, and T
total head. ‘ . S b

A sample of the data she‘e't and the” pripted“i‘ésﬁlts »f‘cllvp'wiFigﬁre '1. ’ |




PROGRAM LISTING - SHEET 1 of 4"'"'

FORTRAN I1I SOURCE STATEMENTS FOR ELECTRONIC DIGITAL
COMPUTER PROGRAM ‘TO.COMPUTE WATER SURFACE PROFILES
BY THE STANDARD STEP METHOD B

Bureaﬁ of"Reclvam‘af‘ibnj, Dénver, “Cblorado" :

FORMAY (9F8.0)
FORMAT (2F8.,3)"
FORMAT (14)
FORMAT (F9. 3.9x.F8 3,10x.F8 3.10x Fe.3.10x.Fe 3)
S=0.0
V=0.0
K=0
TOTAL=0.0
DX=0,0 '
READ INPUT TAPE 5,1.Q RESEL.DN.SUM,CN ,
WRITE DUTPUT TAPE 644yQ)RESEL DNy SUM,CN ' S
40FORMAT(1H1,3H Q=,F10.345X,8H RES EL= .F8.3.5X.15H IN!TIAL DEPTH .F6 s
1 3,5Xy16H INITIAL LOSSES=yFb. 3.3H N=yF5.3) :
READ INPUT TAPE 5,34N : \
WRITE DUTPUT TAPE 6455 ; B
SSOFORMAT (1HO, 80H~STATION s INVERT ELEV
1 - VELQCITY . TOTAL HEAD) s
56 FORMAT (1HO0,31H DO LDOP LIMIT HAS BEEN REACHED)
7 SAVE=STA
STORE=S
STORE1=ELINV
SUMMA=SUM
HIDELl=HV
L=0
DX=0.0
ADD=0.1
IF (K-3) 31,30,31
FIRST STATION
HRITE OUTPUT TAPE 6.S.STA ELINV.DN.V.TDIAL )
READ INPUT TAPE 5,3,1 :
I DENOTES SHAPE OF CROSS SECTIDN
K=K+1 G
IF (I-1) 101.102,103 :
RECTANGULAR OR TRAPEZOIDAL CHANNELS
READ INPUT TAPE- S.I.STA.ELINV.H.SB,SS R
READ INPUT TAPE S, l TLF,BLF BENDR BENDA
K=K +2
DD 70 J=1,1000
IF (J-1000) 83,84,84
IF (I-1) 104,105,106
WRITE OUTPUT TAPE 6,56
GO TD 83 : -
AKEEP=DN
L=L+l
DN=DN+DX
IF (DN) 32,32,33
DN=AKEEP
DX=DX/10.0
DN=DN+DX
A=H#DN+SS*DNeDN
HR=A/(H+2. OtSQRTF(DN-DN+((SSGDN)*(SS*DN))))

Note: Variables used in the program are defined following
this listing.

23




PROGRAM LISTING - SHEET 2 of L

GO TO 52
CIRZULAR CONDUITS .
READ INPUT TAPE S5+l STA,EL[NV.SBQ e
READ INPUT TAPE 5, lvTLFvﬂLF BENDR BENDAEMf‘
K=K+2
GD TD 82
AKEEP=DN
L=L+1
DN=DN+DX
IF (DN) 34,34,35
DN=AKEEP
NDX=DX/10.0
DN=DN+DX ‘ o
IF {DN=R) 90,91,92
LESS THAN HALF FULL
R0ODT= SQRTF(Q'R'(R‘DN)'(R‘DN))
TERM=RO0DT/(R-DN)
ANGLE=ATANF(TERM)
A={ (R=R)#ANSLE}~- ((R-DN)'RUUT)-
HR=A/(Rs2. O*ANGLE) '
GD-TD 52
EXACTLY HALF FULL
A=({3.1416%R=R)/2. 0
HR=R/2.0 L
GO TJ 52
‘GREATER THAN HALF ‘FULL
ROOT=SQRTF(R#R-{DN=R)®*(DN=R)} -
TERM=R0O0T/{DN—-R)}
ANGLE=ATANF(TERM) ‘
A={3.1416*R=%R)~ ((R”R'ANGLE) -{(ON- R)‘ROOT))
HR=A/({2. 0-3.1416;3)-1&»2 OGANGLE)) e
GO TO 52 .
CIRZULAR TJ RECTANGULAR TRANSITIONS : .
READ INPUT TAPE '5,1,STA, ELINV,SBQR.ELCtELl H’Rlv
RFAD INPUT TAPE 5'11TLF BLF,BENDR BENDA ‘
K=K+2 :
GO 79 82
AKEEP=DN
L=L+1
DN=DN+DX
1 (DN) 36,36,37
DN=AXEEP
DX=DX/10.0
DN=DN+DX
GO TD 38
DIFF= DN-(ELI‘ELINV)
DIFFL=DN-(ELC=ELINV)
DIFF2=EL1-ELC o
IF (DIFF) S0+50451 ‘ :
EQUAL TO OR LESS THAN THE DEPTH OF THE RECTANGULAR SECTION
IF {DN-R1l) 61,60,60 . -
A=WsDN-2,. OO(RI*RI (3.1416%R1#R1/4.0) )~ T*DN

24




PHOGRAM LISTING » SHEET 3 of 4

IF (T) 11,63,64%
HR=A7 (W=2.0#R1+2. o-(DN—R1)+3 1416*R1)
GO TD 52 :
HR=A/(W-2.0#R1+2. o»toN-R1)+3 1416*R1 T+z OODN)
GO TD 52
ROOT= SQRTF(ZI-Rl lRl-DN)*(R1~DN))
TERM=ROOT/(RL1-DN) .
ANGLE=ATANF(TERM) . . ‘
Al={R1#R1#ANGLE)- (Rl—DN)‘RODT
A=(W-2.0%R1)#DN+A1-T#DN
IF (T) 11,65466 P
HR=A/ (W=-2.0#R1+2, 0-R1-ANGLE)
GO TD 52 :
HR=A/(W~2.0#R1+2. OlRliANGLE T+2.0*DN)
G0 T3 52
GREATER THAN THE DEPTH OF THE RECTANGULAR SECTIDN
ROGT1=SQRTF(R#R- DIFFl!DIFFl) . \
TERM1=ROOT1/DIiFF1l.
ANGLE1l= ATANF(TERMI)
Al={3.14162R#R/2. 0)—(R-R-ANGLEL- IFF1-RO0T1)
RODT2=SQRTF{R#R~ DIFFz-DIFFZ)
TERM2=R0O0OT2/DIFF2 ‘
ANGLE2=ATANF(TERM2)
A2=(3.1416#3#R/2.0)~ (R'R*ANJLEZ-DIFFZORDOTZ) o S
A=Al-A2+W# (EL1-ELINV)-2. 0*(21*R1—(3 1416*R1*R1/4.0)) ~T#DN
IF (T) 11,67,68
~6TOHR= A/(((ANGLEZ’R)-(ANGLEIGR))*2 o+w—2 O*R1+2 Oi(ELl ELINV-Rl)%
Y 13.1416%R1) ,
GO Y0 52
680HR-A/(((ANGLEZiR)-(ANGLEl*R))'Z 0+w 2. 00R1+2 OG(ELI ELINV—RI)*
13.1416#R1~T+2,0%DN}
52 HIDE=V ‘ R
V=Q/A .
HV=V#V/64.4
HT= TLF*ABSF(HV-HIDEI)
HB=BLF#(HV+HIDE1)/2.0 . o
S=(CN#CN#V&#V)/{(2, 2082*(HR'*1.3333)) ~
IF (STORE) 11,79 = ‘ : -
AVGS=({STORE+S)/2.0 ‘
IF (BENDR) 11,71,72 SRR TAT L N : :
RUN=SQRTF({STA-SAVE)#(STA- SAVE)+(STORE1 ELINV)*(STOREI ELINV))
GO T2 73
RUN=BENDR=BENDA
HF=RUN#*#AVGS .
SUM= HF+HT+H3+SUMMA
CHECK=TOTAL
D=ON/SQRTF(1.0+5B%SB)
TOTAL=ELINV#D+HV#SUM =~
IF (RESEL~TOJTAL) 12,100,14
IF (L-1) 11,13,17
DX=ADD
GO T2 17




PROGRAM LISTZING = SHEET L of i

IF (L-1) 11:15{17

DX=-=ADD - R ‘

IF (DX) 18:11 19 -

IF (RESEL-TOTAL) 211100970' =

IF (RESEL-TOTAL) 709100121'-,‘

1F (ADD=0.1) :20423,11 -~ :
ADD=0.001

L=0 -

GO TO 82

DNE=TOTAL-RESEL

TWO=RESEL~-CHECK ’ ,
IF (ONE-TWD) 10001000120 o

WRITE DUTPUT TAPE 6,5,5TA, ELINV,DN.V'TUTAL
IF (K-N)} T7,80,11 .-

WRITE OUTPUT TAPE 6951STA,ELINV'AKEEP,HIDE:CHECK
IF (K-N) T,80,11

CONTINUE

GO TO 6

WRITE UUTPUT TAPE 602vSTA DN

IF (K=N) 89656 S

‘READ INPUT TAPE 511’STA ,

K=K+1 '

GO 70D 88

"END(1y0,40,0,0, 0,1.0.0,0.010 0'0'0)
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ELECTRONIC DIGITAL COMP UTER PROGRAM TO COMPUTE
WATER SURFACE PROFILES BY THE ‘
STANDARD STEP METHOD
Defin1tlon of Var1able_s,U sed in Prograrn :
| “ --;subareas 'of"compOund transition‘sectlon
--depth mcrement | |
'--depth of flow normal to bottom alternate -
~ path of computation (dependent on direc-
tion from Wthh correct solutlon 1s bemg
approached) g , ‘
ANGLE1 and ANGLE2 --angles used in computatlon of Al and A2 ‘
ANGLE | ‘ —-angle used in computatmn of area for very
R small depths in: compound trans1t10n
sect1on i : 3 ‘
-—area of flow ; :
-—average slope of energy gradlent Sl
| ——central angle of channel or condult bend
Z --radlus of channel or condult bend

',--bend 1oss factor

~--value of total head alternate path of
computatlon

' -—Manmng s roughness coeff1c1ent

DIFF2, and DIFF--used in compar1son of depth of flow in
compound transition section with con-
duit geometry characteristics to
determine appropriate methods of
computlng area of flow

--depth of ,flow normal_to bottom

--vertical :depth of flow

--depth 1ncrement determined by value of
ADD '




Sheet 2 of 3

-—elevatlon of top of vertical sides in
compound trans1t10n sect1on ‘

--elevatlon of center of circular por-
t1on in compound tran51t1on sectlon

-—e1evat1on of channel or condmt bottom R
or mvert S

-?-bend 1oss ‘
--fr1ct10n loss

--veloclty head alternate path of
‘ computatlon

--veloc1ty of flow, alternate oath of
computat1on v

--hydraullc radms
--tran51t10n loss
; --veloc1ty head
--conduit or channel shape factor

--loop counter f

~--counter for number of cards read

---counter for number of stations
processed

--number of data cards

--difference between computed and
actual total head “ ‘

--discharge rate

--radius of bottom corner rounding,
compound transition section

--reservoir elevation or elevatlon of
total head line




Sheet 3 of 3

, ROOT2, and ROOT “--square root extractlons used in area
‘ ‘computation for compound trans1t10n
sectlon
- -radius of c1rcular portlon of com-
pound transition sect1on or circular
condult S : : :
—-length of reach between statlons

--value of prev1ous statlon for use in
‘determination of RUN

SB _ - -bottom slope

S --slope of‘ enefgy g”rac’live_nt o

Ss --side slqpeys for trapezodial channel
STA R --station | | | o

STORE1 --invert elevatlon for previous statlon ~
for use in determma’uon of RUN ~

STORE --slope of energy grad1ent for prevmus ,
-~ station, used in determmatlon of :
AVGS ‘

SUMMA . ——accumulatedf sum of friction ioss

SUM : : --summatmn of head losses at a glven
statlon 2 :

TERMl TERMZ and TERM -—used in area computatlon for com-‘ -
pound trans1t1on sectlon
TLF B : = ——trans1t10n 1oss'factor -

TOTAL | , —-elevatlon of tota.l head 11ne at a glven
' station -

T  --width of dividing pier in compound
transition section

--difference between computed and actual
total head, alte rnate path of computatlon

--velocity of ﬂow

--bottom width

29
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EXAMPLE OF PRINTED RESULTS

N = 0.014 i PRECOMPUTED LOSSES'=
RESERVOIR ELEVATION = 3657, 000 STARTING DEPTH = 3. 640

Q = 12000. 000

STATION ' INVERT ELEV . DEPTH  VELOCITY  TOTAL HEAD

545.000
590.000
650.000
722.500
795,080
896.190
1031. 470
1331.470
1631.470
1831.470
2031, 470
2271.500

3584.900

3560, 600
3503.000
3399.400

3299.060
3204.850
3175, 400
3174,200
3173.000
3172,200
3171.400
3155.700

3,640
4,471
6,389
5.668
5.426

5,167

5.318
1 5.976
6.616
7.032
7.442

7.559

656,572

74,599
192,060

116,381
1 132.856

142,580

 136.1768
115,618
99.941

91.621

- 84,536

82,688

: 0 . :
3656.982
3657.026
3657,.104

 3857.118

3657.117
3657.061

3656, 964

. 3657.013

3656.9717

'3657,014
 3656.995




" Table 1

Feature

DIMENSIONS OF HYDRAULIC FEATURES

English units

~Metric units

Height of Dam

Length of Dam at Crest
Reservoir Area
Storage Capacity : R
Spillway Design Capacity (Flip Bucket)
Head on Spillway Crest at Design Discharge
Radial Gates : ‘

Drop from Spillway Crest to Tunnel‘In‘ve‘rt :

P.T. of Vertical Bend : ‘
Drop (Spillway Crest to Basin Floor)
Diameter of Tunnel Spillway :
Vertical Bend Invert Radius
Flip Bucket Radius
Crest Station to Exit Portal
P.T. of Vertical Bend to Exit Portal
Basin Length (Portal to End Sill)
Spillway Basin Capacity.

Diversion Design Capacity.

Outlet Works Capacity

Powerplant Capacity

Spillway Stilling Basin, Outlet Works, .

and Powerplant Combined Capacity
Hollow-jet Valve Diameter
Spillway Downstream from Powerplant
Tailwater Control Station Downstream from

Powerplant

520 feet
1,450 feet
17,960 acres

1,427, 840 acre-feet

92,000 cfs

67 feet

'25'x .64, 4 feet
417.6 feet

453 feet ,
40,5 feet to 32 feet
290 feet T
138 feet
1,733 feet -
1201.53 feet
:25H0 feet ;
~12, 000 cfs
31,000 cfs -
5,000 cfs
3,000 cfs
20,000 cfs

84 inches
"1, 300 feet (approx)
2,800 feet

158.50 meters
5, 442 meters-

12 square kilometers
1.761 cubic kilometers

2, 603 cubic meters
20.42 meters =
7.62'x 19,63 meters

per second

127.28 meters

| 138.07 meters

12.34 meters to.9.75 meters
88.39 meters ¥
42,06 meters

528.22 meters

366.23 meters

76.20 meters:

339 cubic meters per second.

877 cubic meters per second

| 141 cubic meters per second
85 cubic meters per second:

566 cubic meters per second

2.13 meters
396 meters (approx)
853 meters ‘ :
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Figure 10
Report Hyd-483

Spillway 12, 000 cfs powerplant and outlet works 8, 000 cfs.

YELLOWTAIL DAM SPILLWAY

20, 000 cfs in the 1:49. 95 scale model




Figure 11
Report Hyd-483

No flow from the powerplant and outlet works.

YELLOWTAIL DAM SPILLWAY
92, 000 cfs in the 1:49. 85 scale model




VELOGITY IN FEET PER SECOND
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B e gy T 1375 FT/SEC. |
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5400

——— Prototype rbughness coefficienf(n:o.ou) | —— » e - Mod €] r_oughness coefficient (n=0.008- 0.01535 brofotype)'*; o

10400 -

‘ 15+00 . 20400 - SE400
SPILLWAY STATIONS - SRty | \ AR

YELLOWTAIL DAM SPILLWAY | B k2

-COMPUTED TUNNEL VELOGITIES ‘ B
(BY COMPUTER PROGRAMMING ) &
1:149.95 SCALE MODEL ’ -




Figure 13
Report Hyd-483

B.. 92, 000 cfs in the approach channel.

YELLOWTAIL DAM SPILLWAY

Reservoir area near intake structuré
1:49, 95 scale model




A. Center pier in tunnel transistion

§ection. :

$T sandrg

YELLOWTAIL DAM SPILLWAY - .

Tunnel spillway,. stilling basin, and powerplant area
- 1:49. 95 scale model

£8v-pAH wodey




12" Pipe in permanent
supply system.

R . o 7 .
6"Gate valve-—": """

Fiow 3

8" Gate volve

reet] Hollow

" Drum monifold;\

e et valves o

v \‘Piezomeiir pressure "h:ps ;

.---8" Gate valve

ELEVATION

N

YELLOWTAIL DAM SPILLWAY.
POWER PLANT AND OUTLET WORKS SUPPLY LINES
: 49.95 SCALE MODEL

Gonll e ‘Laboratory floor--—w

£0¥ "GAH 1HOJ3IY

Sl 39N




Figure 16
Report Hyd-483 "

92,000 cfsin the pre-

liminary approach.
channel’ (140° feet wide)

B. 92 000 cfs in the. mod-
ified approach channel
- (120.feet vn.de)

v
YELLOWTAIL DAM: SPILLWAY

Flow in:the: prehminary and mod1f1ed approach channel




C. 69,000 cfs

RS

YELEOWTAIL DAM SPILLWAY

‘Flow in the. recomxﬁended“.-aﬁprd;éﬂ channel
""" "1¢49, 95 scale model -
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‘Discharge = 92, 000.cfs.

L

A

Flow iiri the’ recommended airoach channel: "
1+ 1:49.95scalemodel .
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YELLOWTAIL DAM SPILLWAY

Prototypg »appréach: chahnel -excavation in progress




B

A, ‘Movement of the' waste
material pla.ced at:
elevation 3580, caused «

. by 92,000 cfs discharg-
ing in the model for 2
. hours.

W

B Same as A except waste
- material was originally "
placed at elevatmn 3563.‘

Same as A except waste
material was originally
laced -at elevatlon 3547

YELLOWTAIL DAM SPILLWAY

Approach channel waste material movement teatls
1: 49, 95 sca‘le modell :




C. 89,000 cfs T Di92,000 cfs

narg

ig aa

YELLOWTAIL DAM SPILLWAY

Flow in the intake structure
1:49.95 scale model

g8p-pPAH wodey




' FIGURE22

REPORT-HYD, 483 *

\a

.A-Res. £1.3660.00
1 ;| Discharge - 92000 c.f.s.

* |.:Gate In raised-position, ..
T BN 365100 i

Goie pm e

RN I BN B ) 364000~ ¢

pprooch chonnel
E. 3560.00

EXPLANATION
Left-wall of left boy .-

-0

L 2t

e T 0

Right.wall of -left boy e S o
“Left ~wall-of right: bay : :
- Right-wall of right- bay

YELLOWTAIL DAM SPILLWAY -
‘WATER SURFACE PROFILES N |NTAKE STRUGTURE
.1:49.95 SGALE ‘MODEL E

SCALE OF ‘FEET ..




FIGURE 23
REPORT HYD. 483

o= 10"~

3 SpCS @ 10+0"=30-0' - ie-———-3 §pcs. @ 15-0'= 45'-0" =

'NOTES

‘Crest surfoce is datum.
Pressure above surface . . = .
is greotef *thon  atmospheric.

. Sta. 5+45

EXPLANATI

ON

Cenfer line crest pressures, Q= 12000 C.F.S, 5'—0 gate opening.

Crest pressures at wall, @=12000CF.S,, 5-0' gate opening:
10

Center line crest pressures, Q= 9éooo CFS. : T

Crest pressures ot wdll. Q= 92000C.FS.

YELLOWTAIL DAM SPILLWAY

CREST PRESSURES IN INTAKE STRUCTURE - bk

1:49.95 SCALE MODEL
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X

10 20 30 40 50 60 70 80 90
DISCHARGE (Q)-1000 CFsS ‘

YELLOWTAIL DAM SPILLWAY

DISCHARGE CAPACITY AND COEFFIGIENT CURVES FOR RECOMMENDED DESIGN
1:49,95 SCALE MODEL ‘

oo %8 32 3a

DISCHARGE
COEFFICIENT
(c)

Q=CLH % ,where L is the crest
tength of both bays.

£84 '‘QAH L¥Od3Y

2 3unoid




B.

46, 000 cfs

C. 69,000 cfs D. 92,000 cfs

Note: A fin of water occurs downstream from center pier.

YELLOWTAIL DAM SPILLWAY

Flow in the tunnel transition
1:49. 95 scale model




FIGURE 26 -
REPORT HYD. 483" "

£1 350430

3 +45.00

'y : NG L e L T R
Portal Sta= Lo.oygieniet ,’:" N N ‘ TYPICAL SECTION

€ Spiltway

. 24..25'1'...._.-\ .

pTAa
‘ * Atmospheric Pressure
+~ Dotum :

’

o ®

| /

L o0000 © 6 & © 600 6

PRESSURES ' INSIDE PIEZOMETER ROW.:. {10} | oo 0 o
N P D = l : Y e - Atmospheric ﬁ'ess‘uvre‘“

I, . 10 ¢ Datum
e :

.

T ——————

Atmospheric Pressure . W
# Oghom i

'\l : ' v
@‘cz];@ ® 5\@ e e 9 @
" PRESSURES OUTSIDE PIEZOMETER ROW . . NOTES

EXPLANATION - Center pier is not the recommended design
Q:52,000 cfs. Circled numbers designate piezometers
Q:12,000 ets. . Pressure ot piezomefer No. 57 = 14,15 for Q = 92,000 cf.s
- *.Pressure :of piezometer No. 57 = O for Q * 12,000 ¢t
Pressure of piezometer No, 58 = 18,32 for. 9= 22,000 cis

10 w“ I o : Pressure at piezometer No. 58 = 2.08 for O+ 12,000 cf.s
SCALE OF FEET . B B ,‘ ;

‘\

|
: @ 0 ® . R
PRESSURES GENTER‘PWEZQNETER R o : S
|

YELLOWTAIL DAM SPILLWAY
PRESSURES IN. THE TUNNEL TRANSITION
1:49.95 SCALE MODEL




Figure 27 ‘
Report Hyd-483

P459-D-45439 NA A. 12,000 cfs

.P459-D-45443 Na- F‘E, 9’2,‘000 cfs

YELLOWTAIL DAM SPILLWAY

Flow in the inclined tunnel and vertical bend
1:49, 95 scale model




FIGURE‘ZBA L
REPORT “HYD. 483 -

Ny . ‘ ,.\ '

“STA. s+oo N\
“CREST EL. 359300 1

el

STA. 6+50 ;EL. 3503/";

|
|
I
1
i
[
[
|
|
!

!
|
| ,
B E
P.C. STA 7+95.08, EL 29906 !
’ 9

STRUCTURE - SCALE OF FEET
50 0 ‘50 100

10 0 10 20

©'PT. STA.10+31.47, EL.317540~""
PRESSURE - SCALE or FEET T ~ ‘

EXPLANATION
—92, 000 cits.
|2 000 cf.s..

NOTES

Clrcled numbers’ desugna’fe plezomeiers.f}
Tunnel Invert is zero pressure datum.

YELLOWTAIL,TDAM SPILLWAY,,,_V
PRESSURE IN THE INGLINED
TUNNEL AND VERTIGAL BEND

' 1:49.95 SCALE MODEL




FIGURE 29
REPORT HYD. 483

DEPTH-(FEET)

]
o

[+2]
o

10 20 30 40 50 60 70 8O 90 (00 0 120 130 140
VELOGITY = (F PS.) : AL

N
o]

DISCHARGE - (1000 C.F. S.)
H
o

o
o

0 - Computed at P.C. of Tunnel Trajectory (S’ro.2|+43.50), See Figure 12

<~ Assumed to be o straight line relation

DISCHARGE |TOTAL HEAD| * DEPTH | VELOCITY VEI‘..QCI_TY;%:HE’ADIFROUDE
IN C.FS. | IN FEET IN FEET |IN FEET /SEC.HEAD IN FEET| LOSS | NO.

92,000 489.05 24.5 137.5 .| 2936 | 350 | 490
69,000 489.05 195 . 132.0 = 271.0 | 40.7 | 5.26 |
46,000 489.05 14.7 . 126.5 .248.4: |- 46.2 5.79

23,000 489.05 98 | nou 188.2 | 59.5 | &.20
12,000 489.05 7.6 82,5 | 1057 | 76.8 | 5.29

> pepth at invert. The Froude number compruféd here is based :
on invert depth. R : g

YELLOWTAIL DAM SPILLWAY

VELOGITY AND FLOW DEPTH
AT TUNNEL TRAJECTORY PRC. STA. 21+43.50




*~.¢ Spillway Tunnel ~N24°25'E "

Sto. 23+38.68 |

. E1,3200--., -

Sta. 25+11 50

. ‘,Q.‘Spillway Tunnel'
) Er :

A=36' 520

‘YlO 00089844 X2 +0.004X

_,;—51;3155.72
—ckc-5=0.234

 stilling Basin @=12,000 cts.

- El 3140

‘/See Defo:l U

.--St0.26+01.50"

PP I SN, AN

---E1.3200.00

SECTIONA-A

. LR
[-H--Stop-log groove
. -El 3169.98

R

-
1
1
|
1
v
1
1
]
]
1

YELLOWTAIL ‘DAM SPILLWAY ‘
PRELIMINARY TUNNEL TRAJEGTORY AND STILLING BASIN - FLIP BUGKET . DETAILU-

|

€8 TAH LHOLIY-

0e 34N9t1d




Drawdown éffectsbnot inel
(See Figure 53).

) {Power Plonty,  :| || T
Atfterbay dam in place {Sta 13+00 ~. —= >
e b

~T ol
il

{Sta.28+00~_ |

Afterbay storage= 2700 AF ot
water surface EI. 3189.5:

7

IN FEET

ELEVATION

.9 EL 30|

~Streambed ot Sta. 28+00

{Streambed of Sta.13+00

_-{Streambed at Power Plant
L | A L

16 .20 24 28 .32 36 .40 .44 .48  -52 56 .60 64 - €8 T2 .76-.:80 .84 . 88 92
* DISCHARGE IN THOUSANDS : OF CUBIG - FEET -PER SEGCOND :

"EXPLANATION L

Water- surface at top of "Afterbay
dawt - (E1."3194 .5) or -gbove: s

Afterbay dam assumed .washed out.

Minimum and.moximum water surfaces.

YELLOWTAIL DAM SPILLWAY
PRELIMINARY TAILWATER CURVES
FOR MODEL STUDIES '




Figure 32
Report Hyd-483

AR AP

STy Y

onrhbingi,

12, 000 cfs--No powerhouse or B. 92,000 cfs--Erodible gravel
outlet works flow; tailwater bed; normal tailwater.
elevation 3190.7 at staff gage. ‘

YELLOWTAIL DAM SPILLWAY.

Flow in the preliminary stilling basin--flip bucket
1:49, 95 scale model




Figure 33
Report Hyd-483

A. Deposition of eroded material to eleva-
tion 3195.

B. Erosion to elevation 3120.

Note: Erosion after discharging 92, 000 cfs for
approximately 1 hour {model time).

YELLOWTAIL DAM SPILLWAY

Channel enbsion test
¥ 1:49. 95-scale model




oey

69,000 CFS-{-=_.-*"

92,000 CFS~;
A

"

ot o

--gmm——————====150' R — N\

1

*~-Sta. 25 + 11.50
El. 3140.00

B

OF STA.26.401.80 ".OF STA. 26+ 0150 -

'NOTE:. Bucket fiow surfoce is atmospheric pressure
datum line. Gircled numbers designate ‘piezometer

iR i7" locations. Water 'surface under :jet .was:above
. ~-See figure 30 BRI S

277 forlip detail . EL3I70.00.
/7 --Sta.26 +0.50 - EXPLANATION
J. 4 El.3170.00 e 12,000 CES.
N\ L . ee—mme———e 23,000 CES. .
;; B o | —==——=——=—— 46,000.CFS. -
1. ‘ RN SR TR sessesie 69,000 CES. -
K Sy -— '92,000 CES.
‘ ‘ o e . ' 2|olllll‘1||1‘ol - ,210 ‘ 4|°

SCALE OF FEET

o .
SECTION ON € OF BUCKET

YELLOWTAIL DAM SPILLWAY
PRESSURES IN PRELIMINARY BUCKET

1:.49.85 SCALE MODEL

SECTION ON US.SIDE

£8% ‘AAH-1HOd 3Y

be 3NNOIL




FIGURE 35

REPORT HYD-483

EXPLANATION
-@.- Tallwafer elevahon a1'

- for the various test
”,_‘iNO arrangemenfs

STA. 28+ 00
TAILWATER ELEVATION- FEET

elevo’rlon

¥ elevaflon

. 3180 ‘ G
12,000 12,500 - 13,000

% SPILLWAY DISCHARGE-C.F.S. :

TEST NO. S ' g ihE
(D) 255 foot basin,invert EL. 3|45 hp EI 3!70 l50 foot rdd|us buckef ey

‘which sweepou‘t occurs -

: - Maximum fullwafer'di

Mlmmum 1'a|Iwa+er'&:.f'-"‘ S

@ 200 foot basin mvert EL. 3145, lip El3l70 |3a foof rqd.us bucket |
® 220 f°°1' basin, mver’r EL.3145, “DEI 3|70 I38 foo'r rcdlus bucke‘rﬁ”:}'»ﬁ i
*k (©) 220 foof basin, invert EL. 3145, hp El. 3:70 138 foot rddlus bucket |

*#% (7) 250 foot bosm invert EL.3140, hp El 3!70 138 foof radlus bucke+

k¥ Test @ is for recommended desngn Recommended desngn
tests and test @ were conducted using flow source from
the mode! reservoir which produced sweepout ‘at'about
5 foot higher tailwater than when flow source was from
the slide gate control as used for fesfs @mrough @
% Spillway discharge is in addition: fo -8, ooo ch from: 'I'he
power plant and ouflef works.. ‘

YELLOWTAIL DAM ;Shl.L‘VL'WAY"
SWEEPOUT TESTS - :
1749.95 SCALE MODEL




: OTE Wi
@ Designates a piezometer locuhon Trojecfory profnle
is the zero pressure datum.Depth of flow at.P.C. was Tl St :
controlled 600 feet upstream Basin ex’rends 220 feet e EXPLANATWN

downstream from portal. R e N R Y 12,000cfs.
e SO e R - ——— 23000 cfs. -
. 46,000cfs.
, '; —-— 69, 000 cfs.
T e s 92000 cfs._

~EL3I709

<
ANEENY
%

i

--E1.314500

PRESSURE SCALE IN FEET OF WATER

: : _Portal ‘,Sf‘0.221‘-7/|_50 \
~--PC. Sta.21+435 -

@ @ & O @ | £ @ Nsmkasa,wa’;

-5 spaces @ 12-6" ——>-*-< ------- 3 spaces @ 25--—-—>f-< 20'—>§<--25'--->1

YELLOWTAIL DAM spu_LWAY"
PRESSURES IN THE FR”LIMINARY TUNNEL TRAJECTORY

1:49.95 SCALE "MODEL

€8t "GAH 1HOd3H

o9¢ 3YNnoId




FIGURE 37
nggm HYD. 483
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Tunnel'In'verfé-r—\* .
N--PC. STA 21+4350 ;EL. 3170.95

Velocity Profile on Q of 32 Foot ‘Di‘dr'hefer‘Tu‘nnel 0‘|’ PC.
Sta. 21+43.50 in the preliminary design (See Figure 30)

VERTICAL SCALE

b N {
LUNINAFTY SR R | 1.

VELOCITY SCALE

v) NOTE g o
Depth of flow is controlled by slide gate-in horizontal
tunnel. . e :
YELLOWTAIL DAM SPILLWAY
VELOGITY PROFILE AT STA. 21+43.50 FOR 92,000 GFS.

1:49.95 SCALE MODEL




Notes: The stilling basin

A. 12,000 cfs, tailwater elevaticm
3190.7 at Station 28+00.

46, 000 cfs

D. 92,000 cfs

+ ‘ : ‘
YELLOWTAIL DAM SPILZWAY

Flow in the -recommended tunnel trajectory
:49. 95 scale model

extended 220 feet
downstream from
portal and its floor
was at elevation 3145
This was not the final

recommended basin. - -

Flow velocity is con-:«
trolled by slide gate
in horizontal tunnel.




FIGURE 39

REPORT_HYD 483
—

PRESSURE SCALE IN FEET OF WATER

NOTES.
€9 Designates o plezomefer location.

/

90

(1

say

Trajectory profile is the zero pressure. L] ]
datum. Basin extends 220 feet ‘ , Lo~
downstream from the portal. (Thus ~ iy ES
basin is not recommended.) ) LT T—e0 5
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A. DEPTH OF FLOW AT RC. WAS OONTROLLED BY A SLIDE GATE l500 FEET UPSTREAM

EXPLANATION

PIEZOMETER PRESSURES ' 50,000¢fs Diversion flow,
e { e = o e 31,000 ¢fs. Diversion flow.
PIEZ. | 23,000¢ts. | 46,000ct 69,000cfs, | .92,000cfs. o : , : ,
ez kbl ekl kel kil m——————— e e 12,000 ¢fs. Res. EI. 3560,
NO. 8 A B A 8 A.| =B A ; :
749 | 11.66] 1540 | 1582 | 19.56 ] 1832 | 23.31 | 19.56 — 23,000, Free. flow.
! . L : e . . - : . ——.—'46,000cfs. Free flow.
2 375 | 6.66 | 583 | 666 | 749 | 541 | 8.32°| 583 — <= 69,000 cfs. Free {low.
3 375 | 666 | 583 | 6241 708 65411 791] 416 o i 92,000 cfs. Free flow.
4 0 | 250 | -t25 |~0.83| -1.66 [ -291 | -1.25 | -5.4 ~ o S v
5 333 | 65.41 | 4.16 | 458 [:458 | 333°[ 4.56 | 125 ‘ : o
6 416 | 624 |- 6.00| 541 | 541 | 416 |'5.83| 333 100
7 291 | 500| 2.50| 291°] 250 | 166} 2.91 |.0.83
8 268 | 666 | 5.41 | 5983 ] 624 500] 6.24 | 4.58 <0
) 416 | 624.|] 5.001 500|541 | 458] 5.83 | 5.41 gl ‘
10 | 416 | 5.00| 3331 291 [ 291|249 | 5.00/ 4.58 T eo «
1| 6.66 | 10.82| 1540 | 17.07] 26.2-| 25.81 | 3621 [ 36.21 e : e
12 | 27.06|39.54| 6535 | 6785 | 86.5 | 8658 | 99.99 | 93.66 I EO S e RO f
. N — ) o
: N B e 10
-4 . . N w
w R PR TR
< i | z -
=z .30 : /\/s/\ 50 =,
- ™ N - Bt Eiet
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5 2R i e &
i H\ 4w
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] ~ % v : AR . O
A N e i e e
w o gL 3|7| 06 7\'\ )
2 -0 . €. 3155.70 1'0 :
2 G @ @
A G ONONG) | . .--E1.'3145.00
& *..pC St 214+17.26 ] \\r
! P @©: ST PRl
; ' ! i QD\‘\%::LQ-- Sto.23+18.496
H 1 I
O 7 Spes. @ 12 = 6" -=m--ereer ~:-<--~r---3$pcs.@ 25'~ Q" eaeenns i 12 Spes. @ 20-0" i

~e----Porfal Sta 22+7[ 50

DEPTH OF FLOW AT RC. WAS GONTROLLED BY THE MODEL RESERVOIR

YELLOWTAIL DAM SPILLWAY
PRESSURES IN THE RECOMMENDED TUNNEL TRAJECTORY

1:49.95 SCALE MODEL «




Figure 40
Report Hyd-483

A. 12,000 cfs, tailwater elevation 3186,

B. 12,000 cfs, tailwater elevation 3190.

i

C. 12,000 cfs, tailwater eleva- D. 12,000 cfs, tailwater eleva-
tion 3186. tion 3190, :

Note: An additional 8, 000 cfs is being discharged through the power-
plant and outlet works. See Figures 7 and 8 for recommended
basin dimensions. ‘

YELLOWTAIL DAM SPILLWAY

Flow in the recommended tunnel trajectory and stilling basin
1:49, 95 scale model

%




FIGURE 4!
REPORT HYD., 483

'2‘."3?0. 22 +33.0
]

IO spaces @ 250 =250,0'
-EI 3204

ELEVATION

-—————la ,000 ‘c.f.s.;T.W ElL 31902

:-4-——510. 22 +33.0

P = e o =

LEFT ‘WALL PROFILES

EXPLANATION

c.f.s.; T.W. EI.3186 0
c.f.s.

‘c.fsi

c.fs..

.c.f.s.

[l

---10 spaces @ 25.0' = 250.0 R s tahi bttt §
, -~ £1.3204

) ELEVATION

WATE

YELLOWTAIL DAM SPILLWAY
R SURFAGE PROFILES IN THE RECOMMENDED :BASIN AND FLIP BUCKET

_ RIGHT WALL PROFILES

1:49.95 ‘SCALE MODEL




Figure 42
Report Hyd-483

Powerplant was discharg-
ing an additional 3, 000
cfs. Tailwater elevation
was regulated at Station
28+00. For allflows the
tailwater at Station 13+00
was at approximately

P453-D-45426 Fic
o elevation 3174.

A. 23,000 cfs, tailwater elevation 3188, 00.

P459-D-45429 NA

D. 92,000 cfs, ftailwater elevation 3200. 00.

YELLOWTAIL DAM SPILLWAY

Flow from the recommended flip bucket
1:49. 95 scale model




Figure 43
Report Hyd-483

Notes: Powerplant and outlet
works were not dis-
charging. ' Tailwater
elevation was regu-
lated at Station 28+00,
For all flows thetail-
water at Station 13400
was at approximately
elevation 3171. 3.

4_59-0-—45423 NAL
B. 46,000 cfs, taﬂwater elevatmn 3194 50.

D. 92,000 cfs, tailwater elevation 3200. 00.

YE LLOWTAIL DAM SPILLWAY

Flow from the recommended flip bucket
1:49. 95 scale model




Figure 44
Report Hyd-483

B. 92,000 cfs.

YELLOWTAIL DAM SPILLWAY

Flow through the recommended stilling basin--flip bucket
1:49. 95 scale model




" FIGURE 45

REPORT HYD. 483

2

i Embankment on ||/2:]|_sylob'e-)

ya

~~€1.3160.0

' EN3170.0~
- 3170.0-

PROFILE

Q

a

. b

c d

Y4 MAX. | 258

341

324113170

I/, MAX. | 383

500

32953170

Y, MAX. | 425

525

32873170

FULL MAX.| 478

540

3287|3170

Al

dimensions are
‘Max. Q= 92,000 cfs " "

in feet.

o Minimum .length of jetf projection: lower.nappe
b. Maximum ‘length of jet projection -upper. nappe
C. Moximum elevation .of upper nappe :

d. Tailwater ‘elevation v

YELLOWTAIL - DAM SPILLWAY.
JET DIMENSIONS IN THE ‘REGOMMENDED DESIGN
1:49.95 SCALE MODEL




FIGURE 46
REPORT HYD.403

810, 2340418 810, 23 429,10 Bt 2345488
7 [ = B

Sto. 22+03.40 Sta. 22 + TR.82

Sto, 24+ 14,08 9to, 24 +30.7¢2 Sto. 24 +47.37 Sto. 24 +62.30 ' Sta, £4+81.43

£1, 3204.00~3

Sto. 24 +63.00 Sto. 24 +83.00

. | --{E1. 340,00 :
ey ey
, ® ’ &
. 1 . . B
steazenon [@ € W "~-.%° neores |
Vo St0.22498.02 "Sto. 24 +83.00-~
SEGTION ON & OF BASIN
DISGHARGE | TAILWATER ELEVATION PRESSURE . .
Fe PLANT; AT SPILLWAY PIEE. BAIPIET! [ )35 B -
$3,000 $181. 8 318 8 20, .8 [T X | o - i 3
91,000 31778 3178.0 10, .0 14,
1,000 ‘uv (1] 8.0 Cr N Y - NOTES
44,000 3194.8 51818 1 20 8. . : @ Designates piezometer location.
44,000 (L0 3178.8 [ ) 0o | Elevation of pi ter openings is ot heric
44,000 OnY Oory [ -Lee 3 o .. pressure datum, E
INGLUGES POWERPLANT QISCHARGE OF 3,000 C£S. .

EXPLANATION

92,000 CES. TW. EI.3203 AT. STA, 28 400 v . i
- 12.000 CES. TW. E1.3186 AT STA. 28400
- 12 ,000 CFS TW. €I 3190.2 ATSTA, 28 + 00

30 [} 30 L] °0
[N TN T | n f J—)

PRESSURE SCALE IN PROTOTYPE
FRET OF WATER

YELLOWTAIL DAM SPILLWAY
PRESSURES IN RECOMMENDED BASIN AND FLIP BUCKET
1:49.95 SCALE MODEL




FIGURE 47
REPORT HYD-483

Sta. 22 +79.62

Sta. 24 +14.06 Sto. 24 +30.72 - 'Sta. 2444737 Sta. 24 +62.35

® Dpesignates piezometer focotion..
Elevation of piezometer_openings is
.ot mospheric ‘pressure datum.

N

FEET OF WATER
2883
o

50 S
B AR SN o
s 10 s 20 28 LT """ pPRESSURE'SCALE.IN PROTOTYPE

FEET OF WATER
TIME. IN SECONDS S '
INSTANTANEOUS PRESSURE DIAGRAM
FOR 92,000 CFS.

PRESSURE AT PIEZOMETER NO. 31

NOTE : : EXPLANATION
For 99% of the time, the pressure fluctuation . DISCHARGE = 47,000 CFS. ) §
obove or below average in the instontaneous . —— DISCHARGE = 67,000 CFS. AVERAG’E.
pressure diagram is less than.10% of oL e 'DISCHARGE = 92,000 CFS. [ INSTANTANEOUS
the overage. - : ‘ e DISCHARGE = 31,000 CF§ j PRESSURE
: " mwmemmri—i— DISCHARGE = 31,000 CFS." (AVERAGE WMAXIMUM
‘ ‘ . INSTANTANEOUS
PRESSURE)

YELLOWTAIL DAM SPILLWAY
INSTANTANEOUS PRESSURES IN THE STILLING BASIN-FLIP BUCKET
1:49.95 SCALE MODEL




Figure 48
Report Hyd-483

45, 000 cfs--25-foot gate opening. Note

the walkway grating has been dislodged
by the flow.

PA59-0-45452 A"’

92, 000 cfs.

YELLOWTAIL DAM SPILLWAY

Flow under the stoplog storage facility
1:49, 95 scale model




FIGURE 49
REPORT HYD. 483

T TS 323,4.00

PREFERRED -
MINIMUM T
IBE N :
RECOMMENDED
MINIMUM

-

3224.00

3214.00

DOWNSTREAM
: >

A

A

l‘lllll 11
2 L O O
30 20 S Qs

DISTANGE UPSTREAM FROM DOWNSTREAM
END OF TRAINING WALL IN FEET

3204.00

 ELEVATION (TOP OF TRAINING WALL)

EXPLANATION
a Logs wobbled but did not move
downstream (46,000 cfs) ,
o Logs did not wobble (46,000 cfs)

‘NOTES ‘ o
For stilling basin flows, togs will be placed as
~shown. —_— i e T
For flip bucket flow the three downstream logs .
will be placed on. top of ‘the three upstream’
logs and walkway grating will be removed.

YELLOWTAIL DAM SPILLWAY
STOPLOG STORAGE LOCATION TESTS
l249.95 SCALE MODEL




B 3'69'9“ he=nn120,75-2

PL-A'N

o
2

t

1

]

A Staff

<’E1,3169.0

gage location: 01
s'freom Sta |3 +oo

SECTIONS AA,BB,CC

- g€8% 'QAH 1H0d3H

YELLOWTAIL DAM SPILLWAY

WAVE HEIGHTS DOWNSTREAM ‘FROM STILLING BASIN

1:49.95 SCGALE MODEL

SPILLWAY |PH. AND O.W| T.W. EL. AT.|MAX..WAVE EL.|MIN. WAVE EL.|WAVE TRAVEL | MAX. WAVE (EL. AT |'MIN..WAVE EL.AT
SEGTION | DISCHARGE | DISCHARGE |- 'STREAM | POINT.Z | 'POINT.Y msnuce x| 'STREAM 'GAGE | 'STREAM GAGE
‘C.F.S. G.F.S. ' |STA.28+00| . . FT. iFT CUFT STA. 13+00 S STA. 13400 |
A=A 12,000 8,000 13190.2 3209 3184 46 3195 ‘3188
8-8 12,000 8,000 '3190.2 3202 - 3186 29 3195 31887 -
c-C 12,000 8,000 | 3190.2 13199 3188 ‘21 3195 3188
A=A 12,000 8,000 | 3186.0 3200 3180 38 3191 " 3186
B-B 12,000 '8,000 3186.0 3199 3183 29 3191 3186
c-¢ 12,000 8,000 3186.0 3196 3184 2 3191 3186

06 3uNoId




v Fzgﬁre"’ﬁl’ o
‘Report Hyd-483

A Sp111way--12 000 cfs, lpowerpla.nt and
outlets--a -000- cfs,‘ tailwater: eleva-

Spﬂlway--l?, 000. cfs, powerplant and
outlets~-=8, 000 cfs, : a11water eleva-
tlon 3190 at Station 28+00

C ‘Erosion after 4-hour.model test: for
‘discharge conditions shown in'B.
..above. ; o

Eros1on test With recommendeo nprap
1 49.,95 scale model :




GWT
) SPILLWAY]”
m—u.m-uw e

A. Tailwater elevation 3186 at Station 28+00, " B. Tailwater elevation 3190 at Station 28+00.

~

Note: Spillway 12, 000 cfs, powerplant 3, 000 cfs, and outlet works 5, 000 cfs.
YELLOWTAIL DAM SPILLWAY

2¢ aan3rg

Tailwater conditions at the powerplant outlet works and spillway
1:49, 95 scale model

£8v-p4AH 3rodey




FIGURE 53
REPORT HYD-483

IN FEET

ELEVATION

L]
EY

w
N

o
w0
o

'l

o
o

-]
&

- 8,000 cFs from power plant and outlet works

[+-]
N

w
o
(=]

-
-

74

3170

668

€6

|.-5,000 cFs from power plant and outlet works

N

b~ .

e e

+
\
I

"
1
]
1]
1
U
. H

\‘|

‘-3,"000 CFS f’ror‘n power plon'r' ond ouflet‘works" ‘

[*~No flow from,powef plant and ‘otn‘letkwofks

+Streambed at Sta. 13400

4 Streambed ot Power Plant

)

3

62

12 € 20 24 28 32 36 40 44 .48 52 %6 . 60 64 . 68 72. 76: 80 .84 88 .92
TOTAL DISCHARGE-IN THOUSANDS OF_CUBIC FEET- PER SECQND AT .STA. 28400 - '

EXPLANATION
e Tailwater elevation at power piant. )
— —— Tgiiwater elevotion at Sta. 13400

YELLOWTAIL DAM. SPILLWAY

TAILWATER DRAWDOWN
DUE TO OPERATION OF THE FLIP BUCKET




FIGURE 54
REPORT HYD. 493L

TAILWATER ELFEVATION AT
— POWER PLANT FOR SPILLWAY =

FLOWS RANGING FROM P
23,000 CFS TO 92,000 CFS _l;

‘ “~d TAILWATER ELEVATION AT | =
/; | " | STATION 13+00 FOR SPILLWAY e

FLOWS RANGING FROM
23,000 CFS.TO 92,000 CFS

TAILWATER ELEVATION-FEET

3171 ' KR S
0 1 2 3 4 5 6 17 8 9

POWER PLANT AND OUTLET WORKS DISCHARGE-1000 CFS.

NOTE

Tailwater elevation was controlled at river: S’rc 28+00
in accordance with Figure 31.Vorying the tailwater at
Sta.28+00 in accordance with whether or not of’rerboy
dam is assumed to be washed out did not opprecuably
affect the tailwater elevation at the Power Plant or
at Sta.13+00 near splllway shllung busm (See Flgures
42 and 43)

YELLOWTAIL DAM SPILLWAY
TAILWATER ELEVATION

1:49.95 SCALE MODEL




Figure 55
Report Hyd-483

Zo-
B. Discharge = 31,000 cfs, tailwater

A. Modified basin 220 feet long,
elevation 3189. 8 at Station 28+00.

invert at elevation 3145, dis-
charging 20, 000 cfs, tailwater
elevation 3186 at Station 28+00.

and D. '‘Recommended tunnel
trajectory with air vent
and the modified basin
discharging 20, 000 cfs.
Posgition of toe of jump
fluctuates from portal
to about 25 feet upstream.

YELLOWTAIL DAM SPILLWAY

Diversion fiows in the recommended tunnel trajectory .

and ‘modified basin
1:49. 95 scale model

~




-

,Sta 22 +71.80 oo S0 Sta.24 #91.80--1 -
/ : R T L s R

El. 3200.00-=~oy
‘ T

-E1 317000 |

- _--El.3155.70.

,—-]E‘l.f%ms:“ob \ 

EX PLANATION

20, ooo cfs Tailwafer EL 3l856 of Power Planf
3| ooo cfs Tuilwa'rer EL 31890 a'r Power Plun’r

NOTE

The recommended tunne! tr'ajectory with Olf‘ vem‘ 2
was ¢ used m'rh ‘l’hlS modlfled basin o

| YELLOWTAIL 'DAM SPILLWAY
_DIVERSION 'FLOW :PROFILES IN 'MODIFIED STILLING BASIN
114995 SCALE MODEL -

£8% "0AH 1¥0d3H
9 3uN9Id-




Figure 57
Report Hyd-483

Compare with Figures 55A and C.

YELLOWTAIL DAM SPILLWAY
Diversion flow of 20, 000 cfs in the prototype basin




WNV'ERsION 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 an’ Materisls. (ASTM Metric. Practice Cuide,. January 1964 ). except that additional factors. (#) commonly used in

the Bureau have been added, Further discussion of definitions of quantities and units is given on pages 10-11 of the
ASTM Metric Practice Guide, ' Peaivn W LT :

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 Commdttee for Weights and Measures; this system is .
also known as the Ciorgi or MKSA (meter-kilogram (mass)-second-ampere) system, ~This system has been'adopted by the
International Organization. for Standardization in IS0 Recamendation R-31. . S 3 T E

The metric technical unit of force is the kilogram-force; this is the force which, when applied t0'a body having a

mass of 1 kg, gives it an acceleration of 9.80665. m/sec/sec, the standard acceleration of free.fall toward the earth's
center for sea level at 45 deg latitude. 'The metric unit of-force in SI.undis.is:the newton (N), which is defined as. L
that force which, when applied to a-body having a'mags of 1 kg, gives it an acceleration of 1 m/sec/sec, : These units .=
must be distinguished from the (inconstant) local weight 'of a body having a mass of 1'kg; that'is, ‘the welght of'a

body is that force with which a body is attracted to the earth and is equal:to the mass of: & body multiplied by the
acceleration due to gravity. However, b it 18 g 1 practice to use "pound" rather than the technically

correct term "pound-force," the term "Kdlogram' (or derived mass unit) has been used in this guide instead of "kilogram-
force" in expressing the conversion factors for forces. The newton unit of . force will find increasing use, and 1s
essential in SI units. . - o . -

Table 1
QUANTITIES AND UNITS OF SPACE

Multiply By | e To obtain

~LENGTH

M1, . . - g Weron
Inches . . ‘ ( t1y) Cerel H1limeters
: . Centipeters
Centimeters

leters
Xilometers

e e e . Meters
Miles (statute) . 3k (exectiy)® ., leters '
i s 609344 (exactly) ... . . . Xilometers

AREA

Square inches, 6.4516 (exactly).. Square centimeters
Square faet, 929.03 (exactly)w, . Square centimeters

. .. --0,092903 (exactly) .. Square. meters.
Square yards . L 0.836127 v e Square meters
Acres. . . . . 0.40469% . .00 L ‘ Hectares = -.
e e . 4,046.9% . L 0 Square meters:
e e . 0.0040469% ," , ", ., . Square kilometers
Square miles : 2,58999. L L e . -, Square kilometers

VOLOUME

Cubic inches . . 16,3870, -, S Cuble centimeters
Cubic feet . . ; .0.0283168 -, . .:Cublc meters -
Cubic yards L : 0.764555. " . : Cubic meters

CAPACITY

Cubic centimsters
Milliliters

Cubic decimeters
Liters .o
Cubic centimeters
Liters K
Cubic centimeters
Cubie decimeters
Liters

Cudic meters
Cubic decimeters
Liters -

Liters

Liters

Cubic meters

Fluid ounces (U.5.)
Liquid pinta (U.S.)
Quarte (1.8.). . . .
Gallons (U:S.) . .

Gallens (UK.)

Cublc feet

Cubic yards
Acre-feet, . .




Multiply

~ ITIES AND UNITS OF MECHANICS

- Table II .

By

MASS

- Maltiply

- FORCE®

Grains (1/7,000 1b) . ...
Troy ounces (480 grains).
Ounces (avdp) . . . . ...
Pounds (avdp) ., , ...

Short tens (2,000 1b) . .

611..79591 (exactly). .

1 016 05

Long tons (2,240 1b) . . o -

mm/_;m

Pounds per square inch

Pounds per square foot

70.070307

Qunces per cubic inch ,
Poumds per cuble foot

Toms (long) per cubic y-u.ﬁ'

Orems per cublc centimeter '
Kilograms per. cubic meter
Grams per subic centimster

Graxs per gubic centimeter-

Ouncea per gl.u.tn (u.s.).
Ounces per gallan (U.X.).
Pounda per gn].‘l.nn (v.s 3
Pounds_per galion (U.K

: Orams per. liter
119.829 Grama. per liter

7.4893:..
6.2362 ...

99.779 o Lol arems per liter - :
BRNDING MOMENT OR TORQUE o

Inch~pounds
’-‘o\.t-pounds

Foot-pomds per
Oumce-incheg

o.011521 , ...
1.12985 x 106
. 0.138255 . ...
135582::107
54471 . ... .

o fa e e e

VELOCTTY

Feet per secand .

Feet per yoar ,
Miles per hour

30.48 (exactly) , . . .

0.3048 (exactly)= - e e . Metera per second :
0.965873 x 105w | v " Centimeters per second
1.609344 (exactly) . . Kilomsters per hour

Foot-pounds per second e

BtunAu-ttZdegr iiie e
;aeu/h;-nZa tbermal

" ;0. 453592-

: 1./.1@3104"'. o

“Britdsh. ﬁmml unm (mu)'
ﬂBtu perpound. e

ozsz« el ey

.°1,085,

-2 326 (mcuy)., .

FOIEX_AND ENERGY*

Foot-pounds, , . . . s ..

1.35582% , . . .

-Btu per hour .. ., ...,

. Bty tn,/or 12 deg F. (x,

thermal ccnductivity)

F(C

eiele .». PO

: conductance

Deg F hr £42/Btu (n, thernal |

resistence)

“Btu/lb deg: P (c, heat cnp.city)., :

Btw/lb deg F v o.i v
sz (thml ditmniﬂ.ty) PR

i M111watta/em deg G .

Kg cal/he.m deg.C

‘ ‘Kgcnln/hrnzdegc‘

w.mvma/eﬂ dez c.

. "¥g cal/hr xR deg C -

Deg C cmz/nlmntt
J/g deg C

’), d‘C
e
SR/

Qruu/hrtfz (ntcrnporr
ctrensmission), .y o ot
Perme (permeance).

‘Grams/24 br o2

« Metric: perms

' Perm-inches (mmuijyi R

Table ITT
OTHER QUANTITIES AND UNITS

< o Metric m-cmtmura

Multiply

By

~To obtalin:

0,44704 (exactly) .. Meters per second
ACCELERATIONS :

Feet per second<

0.3048%,

FLOW

._Meters per secandc - L Pomd )

cubl.:t feet per sscond (sccond-

Gallona (U.S.) per minute .

. Cublc meters per pecond
.. 1iters per gecond
per second L

0.028317%, . . . .
0.4719 . . . .. .
0.06309 . . .

>

' Fakr it deg
Volta per Bl W'\ d v piatel e eus

cngi'g feet. per square foot per

{oeepage) ... a0 .
per aqt

(vimconity). o v
Square:feet por: net(ml (vineoehy)

Lumens per square foot (roct-
candles)

. (hmecdrcular mils per.foot
-M1licuries per cubtic foot .

mmmpermmtoot.‘:
Callons per square yaxd  , |,

204.8% . e

4 BB24#
0,02903% (mctly)
5/9 axlctl.v. [

mms per squm mter per dw
Kilogram aecond per :quare meter

per N
Celeius or Kelvin degrees (chmze)&
Kilovolts ‘per. millimeter

.Lumnlpcraquucmr

e .

Ohmegquere millimeters per mator
Mill{curies per cubic mester
M1liszps per aquare meter '
Liters per square meter.

Kilograms per centimater

Pounds per inch. . .. .-,

GPOD 845.237




ABSTRACT

Model studies were conducted to develop the hydraulic design of the ;.

approach channel, intake structure, tunnel transition section, in-

clined tunnel, vertical bend,:tunnel trajectory, combination stilling’ o

basin-flip bucket, and the stream channel protection. .:Reshaping
the approach channel improved the flow pattern. ~Approach channel
construction limitations were recommended,.. The center:pier in the
transition section was altered to improve flow. conditions in the in-
clined tunnel. The tunnel trajectory extending to the combination
stilling basin~flip bucket was modified to eliminate severe subat-

mospheric pressures, A combination stilling basin-flip bucket was

developed to still a minimum of 12, 000 cfs and to flip a‘jet down-~
stream for flows up to 92, 000 cfs. This basin satisfactorily dis-
charged the anticipated maximum diversion flow: of 31,000 cfs. * A
vent was installed in the crown of the tunnel to prevent the tunnel.
from filling when discharging diversion flows up to 20, 000 cfs. 'A
stoplog storage facility at the downstream end of the stilling basin-
flip bucket, was developed to prevent the stored logs from being
dislodged by the spillway flow. . Riprap protection for the left bank
of the stream channel downstream from the basin was determined.
The amount of tailwater drawdown at the powerplant and outlet
works resulting from the operation of the spillway flip bucket was
determined. : L

ABSTRACT

Model studies were conducted ta develop the hydraulic design of the

approach channel, intake structure, tunnel transition section, in-

clined tunnel, vertical bend, tunnel trajectory, combination stﬂling“

basin-flip bucket, and the stream channel protection. ‘Rashaping
the approach channel improved the flow pattern. Approach channel

construction limitations were recommended.. The center pier in'the

transition section was altered to improve flow conditions in the in-
clined tunnel. The tunnel trajectory extending to the combination
stilling basin-flip bucket was modified to eliminate severe subat-
mospheric pressures. A combination stilling basin-flip bucket was
developed to still a minimum of 12,000 cfs and to flip a jet down-
stream for flows up to 92,000 cfs. - This basin satisfactorily dis-
charged the anticipated maximum diversion flow of 31, 000 cfs. A
vent wasg installed in the crown of the tunnel to prevent the tunnel
from {illing when discharging diversion flows up to 20, 000 cfs. A
stoplog storage facility at the downstream end of the stilling basin-
flip bucket, was developed to prevent the stored logs from being
dislodged by the spillway flow. Riprap protection for the left bank
of the stream channel downstream from the basin was determined.
The amount of tailwater drawdown at the powerplant and outlet
works resulting from the operation of the spillway flip bucket was
determined.

ABSTRACT

Model studies were conducted to develop the hydraulic design of the:.:

" approach’channel, ‘intake structure, tunnel transition section, in-
' .clined tunnel; vertical bend; tunnel trajectary, combination stilling
" basin-flip bucket, and the stream channel protection. . Reshaping -

the approach channel improved:the flow: pattern. . ‘Approach.channelk
construction limitations were recommended. - The: center pier in the

‘transition section was altered to improve flow.conditions in the in-

clined tunnel. - The tunnel trajectory extending to the combination

“stilling basin-flip bucket was modified to eliminate severe subat~ "
" :mospheric pressures. . A combination stilling basin-flip'bucket was .

developed to still a minimum of12; 000 cfs and to flip a jef'downf
stream for flows up to 92, 000 cfs.’ This basin satisfactorily dis-
charged the anticipated maximum diversion flow of:31, 000 efs. A

“vent was installed in the crown of the tunnel to’'prevent the tunnel.'::
from filling when discharging diversion flows up'to 20, 000 cfs. A

.. stoplog storage facility at the downstream end of the stilling basin-
-flip bucket, was developed to prevent the stored:logs -from being

dislodged by the spillway flow, ' Riprap protection for theleft bank: '
of the stream channel downstream from the basin was determined.
The amount of tailwater drawdown at the powerplant and cutlet

‘works resulting from the operation of the spillway flip. bucket was
determined. ’ ST : :

‘ABSTRACT = - e

Model studies were conducted to develop the hydraulic design of the

__approach channel,  intake structure,-tunnel transition section, in-

clined tunnel, ‘vertical bend, tunnel trajectory, combination stilling
basin-flip bucket, and the stream channel protection. ' Reshaping
the appreach channel improved the flow pattern. - Approach channel
construction limitations were recommended.. [ The center pier in the
transition section was altered to'improve flow conditions in the in-
clined tunnel. * The tunnel trajectory extending to the combination
stilling basin-flip bucket was modified to-eliminate severe subat-
mospheric.pressures. - A combination stilling basin-flip bucket.was
developed to still a minimum of 12,000 cfs and to flip a jet down-
stream for flows: up-to 92, 000 cfs. . This basin satisfactorily dis-
charged the anticipated maximum diversion flow of 31,000 cfs. A
vent was installed in the crown of the tunnel to prevent the tunnel
from filling when discharging diversion flows up to 20, 000 cfs. ' A
stoplog storage facility at the downstream end of the stilling basin--
flip bucket, was developed to prevent the stored logs from being
dislodged by the spillway flow. Riprap protection for the left bank
of the stream channel downstream from the basin was determined.
The amount of tailwater drawdown at the powerplant and outlet
works resulting from the operation of the spillway flip bucket was
determined,
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Beichley, G. L. A e : : e : : ~_+:-Beichley, G.:L. ) R : N '
HYDRAULIC MODEL STUDIES OF YELLOWTAIL DAM SPILLWAY-~ """ S HYDRAULIC MODEL STUDIES OF YELLOWTAIL DAM SPILLWAY--
MISSOURI RIVER BASIN PROJECT, MONTANA (FINAL STUDIES) v . . MISSOURI RIVER BASIN. PROJECT, MONTANA (FINAL STUDIES)
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