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UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

Branch of Design and Construction Laboratory Report No. 136
Engineering and Geological Control Hydraulic Laboratory

and Research Division
Denver, Colorado Compiled by: J. N. Bradley
October 12, 1943 C. J. Hoffman

Reviewed by: J. E. Warnock

Subject: Hydraulic model studies for the design of Ross Dam spillway,
City of Seattle, Washington.

1. Introduction. In an agreement made January 21, 1943, and ap-
proved February 25, 1943 (contract I2r-14571), between the United States
of America, represented by the Chief Engineer, Bureau of Keclamation,
and the City of Seattle, Washington, represented by the Superintendent
of Lighting, it was agreed that the Bureau would conduct an investiga-
tion pertaining to the design of the spillways to be used in connection
with increesing the height of the Ross Dam located on the Skagit hiver
in the State of Washington. This investigation was conducted by the
use of hydraulic models by the personnel of the hydraulic laboratory
of the Bureau. The scope of this work and the results obtained are
reported chronologically herein as the final report.

2. Ross Dem. Ross Dam is located in the Skagit River 5 miles
stream from Diablo Dam and 8 miles upstream from Gorge Dam (figure
1), all of which constitute projects undertaken by the City of Seattle,
Washington. Power plants are in operation in connection with the
latter two dems, and a power plant is also proposed at Ross Dam.

The first stage of Ross Dem has been completed to elevation 1365
(figure 2), consisting of an arch ring about 1180 feet long at the
crest, rising 165 feet above the tailwater, which is the reservoir level
for Dieblo Dam. The crest of this dam is surmounted by a 15-foot tim-
ber dam over which the floodwater spills. The tentative plan is to
continue construction in several stages to an ultimate height of about
520 feet above tailwater, or elevation 1725. At this final stage the
dam will be constructed as a gravity arch section by adding to the down-
stream face of the thin arch dam. The immediate plan is to continue the
arch ring construction from its present stage in two steps, first to
about elevation 1550 and later to elevation 1650. These are referred to
in this report as the second and third stages, respectively.

The design of the spillways, with which this report deals primarily,
is based upon the above assumptions. In the design of the spillways for
the second and third stages of construction, an endeavor was made to match
the designs such that & large portion of the spillway channels for the
second stage could be utilized, with little alteration, for completion of
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the third stage. It was anticipated that thig type of planning could -
result in a considerable saving. [ 4
‘ A

3o The spillways. The maximum expected: flood computed from pre-
vious records was established as 70,000 secondyfeet. The final spill=
way design, howsver, provides for a capacity of 100,000 second-feet
made possible by utiliging an additional five feet of freeboard on the

dem,

The plans for the ultimate gravity arch dem rising to elevation
1725 showed & drum-gate-ocontrolled, open-channel spillway skirting the
left abutment of the dam. The topography is excellent for that type
of epillway in this case, but with the tiop of the dam limited to eleva-
tion 1650, an additional 80 feet of ocut would be required, thus making
open-channel construction impracticable, Alternate designs could be
side-channel or stoney-gate spillways skirting' either or both abut-
ments, with tunnels through to the downstream canyon wallss Both
schemss are expensive; consequently, i accordance with your instruce
tions, studies were concentrated on spiﬁlwayz which would discharge the
water over the dam propér, regardless ol congtruotlon stage.

4, The models. A model was construoted of the entire arch dam,
with top elevation at 1650 to a 1360 scale. , Photographs of the original
model showing the canyon-wall topography are presented on figure 4.

A drawing indicating the final extent of thq model is shova on figure §.
The arch was constructed of wood and lined With sheet metal on the up-
stream side. The head box was of similar ofmstruction, consisting of

a wooden box lined with sheet iron and buily integral with the upstream
face of the dame The downstream portion o”‘the model dam and the ad-
Jacent topography consisted of metal lath gpnstruction faced with an
inch of cement and sand surface coating. e metal lath was held in
place by wooden supportse. The box downatﬁ B from the dam was linsd
with sheet metal to a point slightly abova im tailwater level.
The spillway overflow seotions were cast in a rich conerete mixture and
in such a way that the sand did not penetrate to the outer surfaces.
The piers were constructed of wood, and the gates were fabricated of
sheet metal.

A second model, to a 1325 scale, was constructed including one full
gate with a half gate on each side to study pressure conditions in the
closed portion of the spillways and on the face of the dame The over=
flow section was made of concrete, the piers of wood, and the gates of
sheet metal. Piezometers were installed throughout for measuring the
pressures, and the deflector hood was a transparent plastic sheet
through which the action of the water ocould be observed.

The water supply to both models wa f measured through accurately
calibrated leboratory venturi meters wh ch are syatematlcally cheocked
at regular intervals,

oy



A= Overflow lections 2 and 3

> i t 3
B- Overflow Section 2 Overflow Section

MODEL AS CONSTRUCTED ON 1:60 SCALE SHOWING ORIGINAL TOPOGRAPHY

AHIOTH

v &



WAD -\ 3¢

IS o

RUBY
LAKE,

DAM

A
l__i_l\—x‘

7

i e i
|
ROISS |

Floor of mode’,up- ‘ﬂ\
stream from dam, =
El3EE -~ w

o )
-
/,
365
/ -\hoo

=

e
o o

&
1 =
# -Boundary line of modes-"

\?

PL AN OF

MODEL

SCALE OF
[} (e}

)
SCALE OF

T

-

T




5. Overflow section l. As a preliminary trial, overflow section
1 (figure 6) was constructed to a 160 scale with provision for 35,000
second-feet controlled by six 26= by 22-foot monocoque gates. The
center line of the overflow section was midway between construction
Joints 5 and 6, Although it was intended that similar spillways be 4
located near each abutment, thus making the total spillway capacity
70,000 second=feet, each of the preliminary designs was constructed on
one side only. In other words, each succeeding design was alternately
constructed on one side and the following design on the opposite side.
The crest of overflow section 1 was at elevation 1614.0, making the
reservoir elevation approximately 1630 for a discharge of 35,000 second=-
feet. The gates were set downstream from the crest, es shown on figure
6, to obtein a trajectory with initial velocity directed at a downward
angle rather than horizontal as is usually the case. The portion of
the overflow section upsiream from the gates was designed to produce no
subatmospheric pressures in this region for discharges up to 35,000
second=feet.

Two limitations sufficed to make the design of these spillways
difficult. First, the dam was of insufficient thickness at the top to
construct a true vacuumless overflow shape; and second, cutting into
the dam below elevation 1600 was prohibited because of stress considera-
tions in the arch, Overflow section 1 projected past the downstream
face of the dam and the jet of water leaving the section fell free of
the dam face. From the instigation of the studies it was considered
advisable to have the sheet of water in contact with the face of the
dam. As a result of this partiocular test, no other condition was con-
sidered acceptable.

6. Overflow section 2. In all subsequent tests the oriterion .
was that the overfalling sheet of water be in direct contact with the
downstream face of the dam for all conditions of flow. A heavy con=-
crete buoket was to be provided at the junction of deam and rock sur-
faces to defleot the jet, and a superelevated channel was to be pro=
vided downstream from the bucket to conduct the flow safely to the river.
With the jet making definite contact with these surfaces, no damage was
expected.

Overflow section 2 (figure 6) was the same as section 1 except for
the conorete pad added to the downstream face of the dem. The jet per-
formed as desired for the lower discharges but sprung free of the pad
intermittently for discharges greater than 25,000 second-feet. The
steepness of the overflow shape encouraged vortices to play back and
forth across the section, producing very unstable flow. FPhotographs
of this spillwmy are shown for a discharge of 35,000 second-feet on
figure 7 A and B. The original topography had not been disturbed.

7. Overflow section 3. Overflow section 3 (figure 8) consisted
of a combination of two radii used with no intention of simulating the

8
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A- Overflow Sections 2 and 3

B- Overflow Section 2 C- Overflow Section 3
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actual shape of the lower nappe of the overfalling sheet. The padding
on the dam face was removed and the gates again suspended to operate

on the curved portion of the overflow section. In this case, the object
was to develop negative pressures under the jet in an attempt to virtu-
ally force the sheet of water against the overflow face. Results were
less desirable than for the preceding case as vortices made it possible
for air to enter intermittently under the jet, resulting in an intoler-
able make-and=break action. Photographs of this spillwey are shown for
e discharge of 35,000 second=-feet on figure 7 A and C. The natural
topography was still intact.

8. Overflow section 4. It became apparent that the design of a
free overflow shape to perform as desired was a remote possibility, es=-
pecially with the limitation prohibiting cutting into the dam below
elevation 1600. In the design of overflow section 4 (figure 9), an
attempt was made to force the overfalling jet against the dam face by
a deflector plate. The overflow face projected past the downstream face
of the dam on which a vent slot was provided for aeration under the jet.
The .gates were suspended directly over the crest, thus decreasing their
heights The passageway between the overflow face and the deflector wall
wes proportioned to flow full at the meaximum discharge.

The spillway was operated with and without aeration beneath the
jet. The flow conditions were improved, but there was a decided pulsa-
tion in flow when air was admitted beneath the nappe. A less noticeable
fluotuation occurred when the air supply was discontinued. In neither
case, however, could pulsation of flow be tolerated. A second disad-
vantage of this design was the abrupt angle at which the jet impinged
against the dam face as it emerged from the conduit. On striking the
dam, a portion of the jet was deflected away from the face. Uncerteainty
existed as to the damage that might result at the zone of impact. Pho-
tographs of overflow section 4 discharging at 35,000 second=feet are
shown on figure 10 A and B. In this case the canyon wall adjacent to
the spillway was excavated on a 1-1/431 slope measured normal to the
line of centers of the dam.

9, Overflow section 5. Overflow section 5 (figure 11) was the
same as overflow section 3 except for the addition of a deflector hood.
The spillway consisted of six gates 256 feet in width and was designed
for a maximum discharge of 35,000 second=fest with the reservoir at
approximately elevation 1630. The resulting performance of this spill-
way was a decided improvement over the previous one. Flow conditions
were excellent for the higher discharges, decreasing in desirability
a8 the discharge was reduced. A dribbling action occurred from the end
of the deflector hood at very low flows, The main jJjet of water main-
teained contact with the face of the overflow section and dami; thus the
dribbling was primarily caused by fins adjacent to the piers. Photo-
graphs of overflow section 5 operating at a maximum aischarge of
35,000 second-feét are shown on figure 10 A and C.

12
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As this type of design showed promise, a 1:25 model was constructed
to investigate pressure conditions.,

10, Overflow section 6. Overflow section 6 (figure 12) was con=
structed to a 1325 scale equipped with sufficient piezometers to study
the pressures on the overflow face and the defleotor hood. The deflector
hood was extended to elevation 1560, and each spillway was designed to
flow full at a discharge of 50,000 second=f'eet with reservoir at approx-
imately elevation 1635 and overflow crest at elevation 1612. After a
digest of stream-flow data by Senior Engineer Ivan E. Houk, the capacity
of the two spillways was boosted to a total of 100,000 second-feet as a
conservative measure. The gates were reduced in width from 25 to 20
feet (figure 12) without a change in number and were hinged in the oppo-
site direction to those in previous tests. The new spacing permitted
the installation of two spillway gates between adjacent construction
joints. The split piers at the construction joints were 6.77 feet wide.
end the intermediate plers 3.83 feet wide, both msasurements being at the
greatest width,

The 1325 model consisted of one full gate with a half gate on each
side and a short section of dam below them. Model results converted
to prototype pressures are shown on figure 13 for overflow section 6
for free crest operation as well as for four gate positions. A maximum
negative pressure on the overflow face of 20 feet of water is shown at
pilezometer 9 with a free discharge of 100,000 second-feet. The dis-
charges as referred to on this model represent the corresponding flow
for twelve gates, or the total for both spillways. As the discharge
was increased above this value, a back pressure in the conduit pro- ,
duced by additional friction relieved the subatmospheric conditioms to
soma extent. Figure 13 shows that the pressures were more severe for
100,000 second=feet than for discharges at partial gate openings with
reservoir at elevation 1630, which was contrary to expectations. It
was desired to limit the maximum negative preéssure to one-=half an
atmosphere, or about 15 feet of water.

The meximum positive pressure on the deflector hocd, on the other
hand, is shown as 20 feet of water or 8.7 pounds per square inch for
a flow of 125,000 second-feet. The heavy dash line on figure 13 re-
presents the maximum positive pressure recorded on the hood for all
conditions of operation. Discharge at partial gate openings defines
this line in the vicinity of piezometers 30, 45, and 60.

The negative pressures are effective in maintaining contect be-
tween the jet and the overflow face but are not sufficient to control
the entire sheet. There was a tendency :I'or the outer portion to separate
from the main jet, thus ocausing impingement on the deflector hood for
all but the very small discharges. The hood therefore served an im=-
portant purpose at practically all flows.

16
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Overflow section 6 was overdesigred as the closed portion of the
spillway did not flow full until & discharge of 125,000 second-feet was
reachoad. It was intended that this condition would occur at 100,000
sgcond-feet. The proportions of the closed soction were arrived at by
computing areas taroughout based on the theoretical wvelocities less 15
percent for friction and impact losses. Ths computation was repeated,
a#llovwing a total of only S5-percent loss for a discharge of 1G0,000
second-feet, and the resulting shape is designated as overflow section
7. The losses ware found to be extremely low, even at maximum discharge;
therefore the efficiency of this spillway should compare favorably with
the open, free overflow section.

11. Overflow section 7. Overflow section 7, shown on {figure 14,
was the same a8 section 6 except for the change of position and the
dimensions of the deflector hood. The closed portion flowed full at a
discharge of approximately 100,0C0 sevond=feet. A small lip was added
to the lower end of the deflector hood to deflect the smaller discharges
toward the dam face, thus reducing the dribbling previously experienced.
Pressures on the overflow face and the deflector hocd are plotted for
ovarflow section 7 for free flow and also for gate operation on figure
15. The maximum negative pressure in this case is shown as 18 feet of
water, which occurred at piezometer 9 for a discharge of 55,000 second=-
fest. The nsgutive pressure decreased as the conduit flowed [ull at
100,000 second=feete The maximum positive pressure on the deflector
wall was reduced from 20 to 15 feet, but the decrease in discharge in
the latter case was principally responsible for this reduction. [hoto-
graphs of the 1325 sectional spillway operating at 10,000, 40, )00,
75,000, and 100,000 second-feet are shown on figure 16. The discharges
as stated are based on twelve gates discharging at the same rate as the
two shown. The dribbling can be seen in fizure 16A with a discharge
of 10,000 second-fset. As the discharge was increased, {low conditions
continually improved until the ultime te desired f{low condition was
reached at 100,000 second-feet, at which point the conduit llowed full.
The pressures on the face of the dam were positive throughout the en-
tire discharge range.

12, Overflow section 8. In an attempt to reduce the negautive
pressure, the constant radius in overflow section 8 was changed to a
compound curve as shovn on figure 17. The object was to reduce the
negative pressure at piezometer 9 and increase it at other points by
shortening the radius of curvature immedistely downstream from the crest
and lengthening it in the vicinity of piezometer 9. Assuming that

2

L]
applies in this particular cuse (where p = pressure on face,

pﬂ

V = velocity, and r = radius of curvature), the negative pressure at
piezometer 9 should be about 15 percent less. From the curves on figure
17 the change in curvature improved the pressure at piezomster 9 by
only 5.5 percent, or reduced it to & negative 17 fleet of water. The
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FIGURE 16

A- Disch 10,000 8 d~Feet B- Discharge 40,000 Second-Feet

C- Discharge 75,000 Second-Feet J- Discharge 100,000 Second-Feet

SECTIONAL MODEL ON 1:25 SCALE EMBODYING TWO GATES
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negative pressures at points above plezometer 9 did increase but not

to the extent expected. The conclusion is that the theory does not
completely apply as the curvature was too great for the water to follow
naturally, No additional appreciabdble improvement in pressure condi-
tions on the overflow face by further experimentation was apparent as
long as it was necessary to comply with the established limitations,.
The shape as shown on fipgure 17 was therefore considered the final de-
sisn as far as the laborutory investigations were concerned.

The maximum average positive pressure on the deflector hood (fig-
ure 17) was reduced to 12 feet of water for a discharge of 100,000
second=feet, With the alteration in shape of overflow section 8, a
correspondiny change was made in the dimensions of the deflector hood,
which was responsible for this pressure reduction,

Due to the nature of this design, information was desired concern-
ing the period of vibration end the magnitude of instantaneous pres-
sures on the deflsctor hood, It was not possible to obtain comparable
vibration measurements from the model which would apply to the proto-
types It can be said, however, that vibration did exist in the model
but was not of sufficient marnitude to cause concern., Instantaneous
pressures were observed at various points on tie deflector hood of the
model by an oscilloscope, The fluctuation in pressure equalled the
average measured pressure in most casss. In othsr words, for the aver=-
aze maximum pressure of 12 feet of water measured on the hood, the
actual instantaneous pressures varied from 6 to 18 feet of water, or,
the maximum force, including impact, amounted to 150 percent of the aver=
age measured pressures., It is recormended that the forces used for de-
sizn be increased about 100 percent to take account of this impact.

A study was mude on the overtlow section to determine the most
economicel elevation at which to terminate the downstream extremity of
the deflector hood. Figure 18 shows a portion of the hood ending at
elevation 1570 with the remainder at elevation 1560, Figures 18 A and
B show flows of 40,200 and 100,000 second-feet, respectively. The
photographs do not depict clearly the difference in flow encountered
for the two hood elevations. The jet of water leaving the longer hood
was forced closer to the dam face and therefore exhibited & more de-
sirable appearance from a hydraulic standpoint than the shorter hood.
Figures 18 C and D illustrate the point more clearly. The deflector
hood extremities are at elevations 1570, 1580, and 156Q, viewed from
left to risht. The jet of water overtopped the piers with the hood
ending at elevation 1580. The same condition occurred to a lesser ex-
tent for the hood ending at elevation 1570, Figure 19 shows the veria=-
tion of taper with the length of hoods. From a hydraulic viewpoint the
most economical point to end the hood is at elevation 1560. Although
the tests on overflow section 8, figure 17, were made for a hood ending
at elevation 1570, it is recommended that the f{inal desiyn he made to
conform with the section shown on figure 13. The shapes are exactly
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FIGURE 18

A- Discharge 40,000 Second-Feet B~ Discharge 100,000 Second-Feet
End of Hood at Elevation 1570 on Left and 1560 on Right

C- Discharge 40,000 Second-Feet D- Discharge 100,000 Second-Feet
End of Hood et Elevation 1570, 1580 and 1560 - Left to Right

STUDIES TO DETERMINE LENGTH OF DEFLECTOR HOOD - 1:25 MODEL
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the same except that on the latter figure the deflector hood hes besn
extended to elevation 1560.

Head=discharge curves, obtained by celibrating one gate on the
1525 model and multiplying the results by twelve, are shown on figure
20 for free flow and slso for gate operation. The curves apply to both
overflow sections 7 and 8. For free flow a discharge of 70,000 second=
feet can be developed with reservoir elevation of 1630.5., To obtain
100,000 second=feet through the twelve gates requires a reservoir ele=
vation of 1635.0. A head=discharge coefficient curve for free flow is
also shown plotted on figure 20.

13, Final spillway design for dam to el 1650. Upon conclusion of
the above tests, overflow section 8 (figure 19) was installed at both
ends of the arch on the 1360 model and studies were commenced to deter=
mine the grades and wall positions for the channels downstream. The
spillways were located as near the dam abutments as possible. The right
spillway, as originally planned, was between seotion joints 4 and 7 and
the left spillway between joints 20 and 23,

The design of the spillway channels downstream from the deflector
hoods was not based on theory. Rather, the design was arbitrarily
established from consideration of the arrangement of the dam and the
topographic conditions downstream and then verified by model performance.
A plane surface was first established for a channel, this plane inter=
secting the dam on a slope. A fillet was employed to blend this plane
in with the downstream face of the dam. For the first trial the plane
was projected parallel to the line of centers on a l=1/4;1 slope with
a 100-foot radius fillst between this slope and the dam face. The
economics of the layout were not considered in this first study. The
wall positions were arbitrarily located on paper, but this method was
not satisfactory. The model test indicated that the wall locations
were diotated primarily by the position of the channel plane. Subsequent
tests also showed that consliderable latitude existed in the choice of
slope and direction for the channel floor, with the restriection that
the surface be a plane for the entire width of the channel and that
wall positions be determined separately for each layout.

Information obtained during the course of the tests indicated that
the spillway channels be lined throughout their entire lengths and be-
cause of the high cost of excavation be designed with economic balance
between ocut and fill as a major consideration. A cost of $8.00 a yard
for excavation and $16.00 a yard for concrete fill was assumed, and
estimates were made for a number of schemes in which the slope and the
direction of the channel planes were varied. During the course of
these studies it was found economical to shift the right spillway from
its location between joints 4 and 7 to that between joints 5 and 8, as
shown on figure 21, In addition to decreasing the cost, this change
resulted in a symmstrical spillway layout, thus making it possible for
the jets from the two channels to directly oppose ons another in the
river, improving the efficiency of dissipation,
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after determination of the most economical channel positions,
slopes, fillets, and wall locations, each spillway was operated at
discharges ranging from 200 to 50,000 second=feet while the rmaximum
observed water surfaces were drawn on the channel walls. The drib-
bling action of the water from the deflector hoods, at the extremely
low discharges previously discussed, dictated the heights of the
upper portions of the walls, while the downstream heights were deter-
mined primarily at maximum discharge. The wall heights as finally
determined consisted of the measured depths of flow at the walls plus
five feet of freeboard to accommodate spray, splash, and the insuf-
flation of air in the water. The final spillway locations, channels,
wall positions, and wall heights are shown on figure 22. It is recom-
mended that the right spillway channel be excavated on a 1.1 %o 1
slope and the left spillway channel on a 1,2 to 1 slope, both measured
normal to the line of centers. The alinement of the downstream walls
of both spillways is shown symmetrical about the line of centers. This
is not true of the upstream walls as these varied to compensate for the
difference in slope of the two channels. The top surfaces of the
channel walls were first shaped normal to the inside faces of the walls
and later beveled so that they were parallel with the chamnel floor.
The latter was the better from an observerts viewpoint. Photographs
of the final spillways discharzing at 75,000 second=feet are shown on
figures 23, 24, and 25, Attention is directed to the quiet nature of
the water at the base of the dam. Loose material remained unaffected
by the spillway discharge, and no scour occurred at this point.

The model river channel was construoted according to the sound=-
ings submitted to this office on City of Seattle drawing No. D=13122.
The extent to which the river channel will scour as a flood approaches
sizuble proportions is uncertain, but the model indicated that the
deeper this occurs, the more desirable will be the flow in the river
and the more effective the energy dissipation. If no provision were
made for the dissipation basin at the foot of the spillways, the first
sizable flow would excavate that portion of the river to bedrock, de-
positing much of the movable material in the river channel downstream.
It would then be necessary to remove a large portion of this deposit
from the river. It is estimated thut bedrock lies 60 to 8 feet be-
low the present river tottom and that this depth will be required for
efficient operation of the dissipation basin. The pool in the model,
as shown on figures 23, 24, and 25, extended down tc elevation 1125,
418 long as it would be necessary to remove a large portion of the de-
posited material from the river after the first flood, it msy prove
more economical to excavate for the dissipation poecl during construc-
tion. If the latter method is followed, the pool could be widened,
which is desirable, and any irregulearities of the underlying rock re-
moved. The extent of the pocl as used in the model is outlined by
the dotted contour lines in the river on fipure 22, For efficient dis-
sipation the basin should be no smaller than that indicated on the
above figurs, but preferably deeper. Deep scouring was limited to the
area shown. Deposition rather than scour will occur downstream from
the pool,
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FINAL SPILLWAY DESIGN - DISCHARGE 75,000 SECOND-FEET
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FIGURE 24

FINAL SPILLWAY DESIGN - TOTAL DISCHARGE 75,000 SECOND-FEET



A- Right Spillway B- Left Spillwav

FINAL SPILLWAY DESIGN - DISCHARGE 37,500 SECOND-FEET PER SPILIWAY
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14, Location of power tunnel intakes. Of some eleven layouts
made on the intake structures and tunnels leading to the powerhouse,
three of the most desirable were installed in the model. The purpose
was not to study flow through the intake structure but to observe the
action of the water as it flowed past the structure when the left
spillway was in operation. The extent of the intake structure so fear
as the model was concerned was merely a rack with side walls, where
necessary, located as specified in the various studies. In no case
did flow exist through the intake as the power tunnels were not com-
pleted. The intakes were incorporated in the model merely to nake
certain that adverse flow conditions would not exist in the vicinity
of this structure during flood discharge over the spillway . The first
intake investigated, study 6, is shown in plan on figure 26 A. Very
little cut was required for this design as the intake structure pro-
Jected out from the canyon as shown in photograph i, figure 27. The
head box was of insufficient size to accommodate the entire rack
structure; so only the portion that would fit in the box is shown,
Pigure 27 B depicts the flow in the vicinity of the intake for
a discharge of 50,000 second-feet through the left spillway. Confetti
is shown on the water surface to indicate the direction of flow. In-
cidentally, the flow currents are not correct in this case, due to the
limitation in the size of the model head box. The photographs, how-
ever, do give some idea as to the appearance of the intake in this
location.

Study 8, figures 26 and 28, shows the intake structure located
in a large cut in close proximity to the dam. Figure 2¢€ Band C indi-
cates excellent flow ccnditions for both discharges of 25,000 and
50,000 second=feet through the left spillway. The intake offered no
obstruction to spillway flow, and it appeared that the spillway would
in no way interfere with intake flow. Hydraulically speaking, this
layout was excellent. From an economic standpoint the cut was exces-
sive. Structurally, it was decided that the intake and the power
tunnels were too close to the abutment of the dam.

The third layout, study 11, was somewhat of a compromise between
the two above schemes. The intake was moved upstream and set in a
moderate cut in the cadyon wall, as shown on figures 29 and 30A. Flow
conditions near the structure are shown for discharges of 25,000 and
60,000 second-feet through the left spillway on figure 30 B and C.
Again, little or no interference between spillwey flow and intake was
discernible. Of the three intakes tested, design 11 proved the most
desirable both from a structural and an hydraulic standpoint. Some
doubt remained, however, as to the merits of design 6 as it was not
fairly represented in the model.

15, Tailrace conditions at powerhouse. As velocities were ex=-
tremely high in the river for the larger spillway discharges, it was
thought advisable to construct a model of the powerhouse to study
tailrace conditions. The model powerhouse was located as for study
11, shown on figure 29. 4&lthough velocities in the river were high,
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FIGURE 27

A- Portion of Intake Structure and Left Spillway

B- DNisecharge 50,000 Second-Feet through Left Spillway

POWER TUNNEL INTAKE- STUDY 6



B-

Discharge 25,000 Second-Feet through
Left Spillway

A- Intake Structure and Left Spillwav

POWER TUNNEL INTAKE - STUDY 8

C-

Discharge 50,000 Second~Feet through
Left Spillway
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B-

Discharge 25,000 Second-Feet through
Left Spillway

A- Intake Structure and Left Spillway

POWER TUNNEL INTAKE - STUDY 11

C-

Discharge 50,000 Second-Feet through
Left Spillway
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the water surface adjacent to the powerhouse was surprisingly quiet
in comparison. For 100,000 second=-feet of flow in the river, the
waves, measured from crest to trough, were approximately 8 feet high
along the front face of the powerhouse. The addition of a wall at
the upstream end and a pier at the downstream end oi the powerhouse
improved tailrace conditions in general. The maximum wave height in
this case was reduced to approximately five feet. The dimensions of
the upstream wall and the additional downstream pier are shown on
figure 29. Photographs of the tailrace for discharges of 100,000,
75,000, 50,000, and 25,000 second-feet in the river are shown on fig-
ure 3l. Tailwater conditions for river discharges of 50,000 second=
feet and less were extremely satisfactory. Even for discharges in ex-
cess of 75,000 second=feet no major difficulties in power generation
should be encountered.

A rather interesting fact was witnessed throughout these tests.
Although the water surface in what represented Diablo reservoir was
meintained at elevation 1205 for all river discharges, the average
water surface of the tailrace adjacent to the powerhouse was consist-
ently two feet lower, or approximately elevation 1203. This phenome-
non is not uncommon. -It should be stated, however, that in no case
was there any water discharging into the tailrace from the powerhouse.

16. Spillways for second step dam. At the conclusion of the
tests on the dam to elevation 165C, the model was revised to represent
the second step dame The overflow sections were projected vertically
downward with crests at elevation 1525 so as to utilize the same chan-
nels for the second step spillways. Since the thickness of the dam at
elevation 1525 was greater than at 1612, it was possible to design &n
overflow section with vacuumless profile for discharges up to 44,00C
second-feet per spillway, which is shovn dimensioned on figure 32.
This shape was obtained from reliable, previously determined experi-
mental data;l thus pregsure measurements were omitted in these tests.,

1Abstract of "Studied of Crests for Overfall Dems," Bulletin 3, Part
VI, Hydraulic Investigations, Boulder Canyon Final Reports, HYD-118
by J. N. Bradley, December 31, 1942.

The overflow shapes were blended into the plane of each channel by a
warped surface, the radial elements of which were tangents connecting
the overflow profile end the channel slopes, as shown on figure 32.
The warped surfaces will not be alike for the two spillways as the dam
face end the channel downstream are both steeper on the right side.
The overflow sections for the two spillways will be free crests, each
143 feet in length, without piers or gates. The channels downstream
from the connecting warped surfaces will te the same us for the higher
dam, with wall locations and wall heights identical for both stages of
the dam.
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Discharge 100,000 Second-Feet

Discharge 50,000 Second-Feet

TATLRACE CONDITIONS AT POWERHOUSE
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Discharge 75,000 Second~Feet

Discharge 25,000 Second-Feet
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With the above in mind, details of the spillway channels for the
second step dam can also be obtained from figure 22. The approach
depth to the right spillway for the second step construction is ade-
guate since this spillway was shifted towurd the center of the dam
and no excavation is necessary on- this side. To provide a uniform
approach to the left spillway a bench was excavated to elevation 15156
on about a 200=foot radius, as shown on figure 22, Photographs of
the topography upstream from the spillways are shown for the right and
the left sides on figure 33 A and C, respectively. Figure 33 B and D
depicts the flow approaching the right and the left spillways for a
discharge of 37,5600 second-feet per spillway.

Flow conditions were generally satisfactory for ®oth spillways for
the lower flows but had & tendency to concentrate toward the downstream
side of the channels as the flow increased. Flow conditions were
better on the right spillway where the approach depth was greater and
in all probability could be improved at the left spillway by increas=
ing the approach ezcavation on that side. .

Photogrephs of the second step spillways, as recommended, are shown:

in operation for a discharge of 37,500 second-feet per side on figures
34 and 36. It was fortunate indeed that the same channels and walls

. could be utilized for the spillways on both stages when it is considered
thet the velocities involved were materially different for each stage.

A photograph of the scour in the river produced by spillway opera-
tion is presented as figure 368. The depth of scour in this case was
limited to elevation 1125, which was the elevation of the floor of the
model. Some of the scoured material is shown in a more or less perma-
nent deposit downstream while the loose material at the base of the
dam remained undisturbed.

17. Power tunnel intake (second step dam). The flow was ob-
served adjacent to the power tunnel intake (study 11, figure 23) with
the second step spillways in operation. Although higher velocities
than for the elevation 1650 dam were involved, no adverse conditions
were noticeable for any discharge throughout the spillway range. Photo=
graph C, figure 33, presents the general appearance of the intake with
respect to the second step dam, and photograph D shows a flow of 37,500
second=feet approaching the left spillway.

18, Swvnillway discherce curves for second step dam. Head=discharge
and discharge coefficient curves for the second step free=crest spill-
way (figure 32) are shown plotted on figure 37.
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FIGURE 36

PATTERN OF SCOUR IN RIVER AFTER A TOTAL FLOW OF
100,000 SECOND-FEET
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