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PREFACE

The program of hydraulic model studies to develop & satisfactory
design for the Pilot Knob Wasteway on the All-American Canal in Cali-
fornia, five miles west of Yums, Arizona, was performed in the hydraulic
laboratory of the Colorado A. and M. College at Fort Collins, Colorado
between September 1936 and May 1937. The investigations concerned the
flow conditions at the entrance, in the gate section, the chute, the
stilling pool and the downstream channel of the wasteway structure. The
studies were conducted on a 1 to 36 model of the complete wasteway, in-
cluding a short section of the All-American Canal, and a 1 to 12 model
of a single by-pass sluiceway of the gate section of the wasteway.

The model tests were conducted by D. K. Lancaster, H. ¥. Brewer and
M. R. Spindler. Mr. J. M. Buswell was in immediate charge of the con-
struction and testing of the models and assisted in preparing the data
for this report. The work was supervised by J. W. Ball under the general
direction of J. E. Warnock. Urgent work in the laboratories prevented

an earlier completion of the report.
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INTRCOUCTION

l. Location and Description.—The Pilot Knob wasteway is located on
the All-American Canal in California, approximately five miles west of
Yuma, Arizona (figure 1), It consiste of an intake section, gate sec-
tion, chute, and stilling pool. The structure (figures 2 and 3) will
waste water into the Colorado River continually to supply the Alamo Canal
until the Pilot Knob Power Plant is constructed and will be used after-

wards to regulate the water surface in the All-American Canal and waste

surplus water when units in the power plant are not operating.

A concrete-lined channel normal to the center line of the All-American
Canal, forms the intake of the wasteway. This channel, joined to the
side of the canal by transitions, leads to a gate section consisting of
four large and two small radisl gates, which assist in controlling the
water level in the main canal by regulating the flow through the wasteway.
It is estimated that the discharge through the gates will vary from 2,000
and 13,155 second-feet, until the power plant is in operation. The flow
will pass from the All-American Cansl through the entrance channel and
the gate structure into a concrete-lined chute under the Southern Pacific
Railroad to the stilling pool, thence into the Alamo Canal or the Colorado
River, by way of the Rockwood heading. With water flowing through the
wasteway, the Rockwood heading will control the minimum depth of tailwater
to 16.5 feet for all discharges. With the Colorado River in flood stage,



it is possible for the tailwater to reach a depth of 29,5 feet. ¥#ith no
water in the Colorado River, the Alamo Canal, or the wasteway, the esti-
mated minimum depth is 9.5 feet, Normally the total drop from the water
in the canal to that in the stilling pool will be 57 feet.

Models of the wasteway on a scale of 1 to 36 and of one by-pass
sluiceway to a scale of 1 to 12 were constructed in the Fort Collins lab-
oratory for the purpose of checking the adequacy of the hydraulic features
of the wasteway structure.

2. Scope of Tests.--Smooth entrance conditions are essential to the

satisfactory operation of a chute or spillway, thus detailed investigations
were made concerning the right-angle entrance from the main canal to the
wasteway channel.

It is important that the Pilot Knob wasteway have sufficient capac-
ity to discharge the entire flow from the main canal in an emergency. As
the capacity of a structure depends on the efficiency of the control sec-
tion, and the efficiency is lowered by any unnecessary head loss, the
investigations concerning this part of the structure involved the stream-
lining of parts of the gete section.

Features of any structure operating as continuously as it is expected
the by-pass sluiceways of the Pilot Knob Wasteway will be operated, should
give flow conditions with as little disturbance as possible. Extensive
tests were conducted on the 1 to 36 wasteway model and a 1 to 12 model of
a single by-pass to study flow conditions in the channel below the gate
section and within the sluice conduit. The by-pass capacity was obtained
during the investigation.

The material, underlying and adjacent to the full-sized structure
being of an easily erodible nature, made it of vital importance to dissi-
pate, as completely as possible, the energy in the high-velocity water
entering the pool. Instability of excavation slopes due to shallow water
table and seepage, governed the pool depth. The shallow pool thus deter-

mined was necessarily of greater width than the channel immediately below
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the gate section of the wasteway. This greater width introduced the
problem of spreading the flow uniformly over the entire width of the
pool entrance so as to obtain the proper relation between the upstream
and downstream depths for forming the hydraulic jump. After detailed
study, the spreading was accomplished by introducing a superelevation or
spreader at the junction of the slopes in the channel connecting the gate
section with the stilling pool.

The problem on the stilling pool involved the design of features
directly responsible for dissipating the energy contained in the influent
water and for protecting the stilling pool etructure. Length of pool,
size of sill, size and effectiveness of the toothed apron at the pool
entrance, shape of exit transitions, and extent of downstream riprap were
important factors considered.

3. Summary of Results.--Entrance transition designs eliminating
excessive turbulence, were evolved from the model tests.

By altering and streamlining the control section slightly, it was
possible to increase the capacity sufficiently to handle the flow of the’
main canal.

Improvement in the action of the by-pass sluiceways was obtained by
making the exit angle into the wasteway chute less abrupt and by placing
a beam in the roof of each conduit,

A satisfactory means was found for spreading the wasteway flow from
the channel width to that of the stilling pool. This was accomplished by
superelevating the vertical curve symmetrically about the wasteway center-
line between stations 5+50.3 and 6+10.3.

A pool 60 feet long, with a toothed apron 24 feet high at the en-
trance and a 5-foot dentated sill at the downstream end, was found best
suited to the operating conditions of the wasteway, A shorter pool gave
rough surface conditions and a longer one was never utilized completely.

It was found that the paving in the tailrace below the apron was not
essential to the satisfactory hydraulic action of the stilling pool.
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The model with all the improved features incorporated is shown on

figure 4 and plate 1.
THE INVESTIGATION

4. Description of Modele.--A metal-lined timber head tank, repre-
senting the short length of the All-American Canal adjoining the wasteway,
was attached to a 2-foot riser of the underground distribution system of
the laboratory (figure 4). The 1:36 model wasteway intake, containing
the left entrance transition formed of concrete, was a metal-lined flume
attached to the tank representing the portion of the main canal. The
flume led to the control section, which was constructed of redwood. The

piers were made of the same material and the radial gates were fabricated
of heavy galvanized iron. A wooden chute lined with lightweight sheet
iron was used for conveying the discharge to the stilling pool. The
stilling pool, constructed of wood, was placed in a metal-lined tank
which contained sand to represent the tailrace. An adjustable weir at
the end of the sand box, hinged at the bottom, was used to regulate the
tailwater elevation, which was measured by a float gage attached by a
pipe to a piezcometric opening in the tailrace.

The model discharge ot 1.69 second-feet, which represented the design
capacity of the prototype, or 13,155 second-feet, was measured by a 90-
degree V-notch weir, from which it was conveyed through the underground
distribution system to the short section of the main canal by way of the
two-foot riser. The water then flowed into the intake, normal to the
center line of the canal, through the gate section, chute, and stilling
pool to a channel which returned it to the laboratory circulating system.
The elevation of the water surface in the main canal was measured by a
point gage fastened to the side of the intake tank.

A metal-lined wooden box attached to the laboratory supply system
represented the entrance channel of the wasteway in the 1:12 model of
the by-pass sluiceway (figure 7). Piers of redwood were extended into
the box to supply the proper entrance conditions to the model. The well
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structure containing the gate and the downstream conduit of the sluiceway
were constructed of redwood. The radial gate was of sheet metal and the
conduit downstream from the gate was provided with a covering of trans-
parent plastic sheet to permit viewing the flow within,

5. Preliminary Tests.--The initial test, in which the model was
operated throughout the discharge range, indicated that it would be desir-
able to make changes in the design of several features of the wasteway.
These included the transition of the left intake wall, the gate section,
the by-pass sluiceways, the chute, and the stilling pool.

6. Study of the Left Entrance Transition.--Flow conditions in the

entrance channel were very good when the gates were operating to maintain

a constant level in the canal and small quantities were being discharged.
However, rough flow existed at the original left entrance transition
(design 1, figure 5), when tbe gates were completely raised and various
discharges passed through the wasteway. In view of this action, a satis-
factory design for the maximum discharge was considered the criterion and
subsequent tests were made accordingly. The disturbance at the transition
was caused by the contraction and loss of head resulting from the abrupt
change in direction of the flow from the canal to the wasteway (plate 2B).
This sharp angle caused the flow to be deflected toward the right wall of
the intake, producing a high water surface at the right end of the gate

section.
The design of this transition was altered to improve these conditions,

The second design (design 2, figure 5) consisting of a warped surface
between a straight line at the top and an arc at the base, gave improved
flow (plate 2D) but the disturbance at maximum discharge indicated that
the transition was still too abrupt. A new design, introducing a more
gradusl transition consisting of a curved surface between two horizontal
circular arcs of equal radii, or a segment of an inclined elliptical
cylinder, was tried (design 3, figure 5). Practically all surface dis-
turbances were eliminated with this design. It performed similarly for
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all discharges and was the most desirable of the shapes so far as hydrau-
lic conditions were concerned (plate 2F). However, it was objectionable
because of complex construction., A third design, a combination of this
and the previous shape, and of simpler construction, was installed (design
L, figure 5). The turbulence increased but since operation at the maxi-
mum discharge was expected to be infrequent, this action was not considered
critical and the shape was approved for the final design.

7. Study of the Gate, or Control Section.--The submerged condition
which existed for the design discharge on the original control section
(plate 3B), was next investigated. Observations indicated that the sub-

mergence was due to excessive head loss resulting frem the contractions
at the ends of the gate structure, The condition was present whether the
sluices were open or closed,

Several transitions with openings for the by-pass discharge were
placed in the corners immediately upstream from the gates but none worked
satisfactorily unless they were extended an appreciable distance upstream.
The gate section was free of submergence when temporary extensions to the
plers between the main channel and by-pass gates were held in place, thus
lengthening the piers seemed the most feasible solution. The two outside
piers next to the sluiceways were extended to correspond in length to the
center pier, which was to be used as a support for the highway bridge,
and all semicircular noses except those on the sloping portion at the up-
stream end of the short piers were replaced by sharp ones for the purpose
of minimizing the pier contractions (recommended design, design 2, figure
6). With this design, the submergence was entirely eliminated, and the
water flowed smoothly through the gate openings (plate 3D). This design
was later revised to shorten the spans and permit more economical bridge
construction. In this case the center pier was shortened, the two adja-
cent piers were extended 21 feet to support the bridge, and the outside
plers were extended a minimum distance to give free flow conditions under
the wasteway gates (finsl design, design 3, figure 6). Although waves
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reached the top of the gate openings occasionally, the design was consid-
ered acceptable and was adopted for the prototype.
8. Study of the By-pass Sluiceways.—When the two by-pass sluices

located on each side of the gate section of the wasteway were operated
alone, their jets came together abruptly at the center of the channel
below the gate section. A concentration of flow, with considerable
splash resulted (plate 4A). This condition, which was attributed to the
impact of the jets upon one another as they flowed from the 45-degree out-
lets, was undesirable and the outlet angle was changed to 30 degrees.
Considerable improvement was noted (plate 4LB) and this design was accepted,
subject to tests on a 1 to 12 model of a single sluice, when it was be-
lieved impractical to further decrease the outlet angle. The excessive
spray from these outlets at partial gate openings and the pulsating flow,
which seemed to occur in the sluice immediately downstream when the gate
was raised completely, made it desirable to study the flow conditions in
more detail. A model of the right sluice on a scale of 1 to 12 was con-
structed for this purpose, (figure 7). The construction of a sloping
downstream wall in the gate well in the larger model eliminated the pul-
sating action. The spray at partial gate openings was more noticeable
than at full gate (plate 4) and the cause was obvious when the conditions
were viewed through the transparent top of the model. The high-velocity
water impinged on the 30-degree outside wall of the tunnel and was turned
upward to the roof, thence back upstream toward the wasteway channel where
it covered the top of the opening as it left the tumnel exit. This thin
jet produced spray and closed the conduit exit completely for all except
very small flows. These objectionable characteristics were reduced to a
minimum by placing a protruding beam in the roof of the conduit (figure

7 and plate 4). Moreover, the beam served to aerate the tunnel at all
flows. The sluice was calibrated for various water surface elevations in
the canal with the gate raised completely and a head-discharge curve pre-
pared (figure 7), After the final design had been determined, the sluices

were installed on the 1 to 36 model where testing was resumed on the
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hydraulic features downstream from the control section.

9. Study of the Chute and the Stilling Pool.—The chute leading
from the control section to the stilling pool consisted of two sections

of sloping channel connected by a vertical curve. The upper part on a
slope of 0,006 had a constant width, while the lower part ona 3 to 1l
slope had its walls flared symmetrically, increasing the width from 62 to
140 feet (design 1, figure 8). The conditions in the upstream portion of
the chute were satisfactory for all gate combinations and it was not nec-
essary to alter this part of the wasteway. The flow through the vertical
curve and down the 3 to 1 slope failed to spread sufficiently to follow
the diverging walls, thus the water was concentrated in the center of the
chute as it entered the stilling pool. The concentration interfered with
the formation of the hydraulic jump and gave objectionable turbulence in
the stilling pool. The action indicated that better results would be
obtained with a narrow and deeper pool but this design was prohibited
geologically, thus a means was sought for spreading the jet uniformly
across the width of the pool.

Considerstion was given to flaring the channel immediately below the
gate section, but due to the increase in construction cost this plan was
abandoned in favor of a superelevation of the vertical curve. Several
shapes of this type of diffuser, with the superelevation symmetrical about
the center-line of the wasteway, were investigated (designs 2 to 10, fig-
ure 8). Because the size, shape, and position of the superelevation were
important factors influencing its efficiency, these characteristics were
varied until the most efticient design for the range of discharge was
obtained. The diffusers became more effective when placed on the more
gradual slope where the velocity of the water was less, This was attrib-
uted to the greater spreading action produced by gravity on the more
gradual slope. The superelevation was, therefore, placed as far upstream
as feasible without reducing the wasteway discharge, preventing draining
of the channel, or producing undesirable waves in the channel at low dis-

charges. The spreading was not complete for all discharges in any case,
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but was more uniform over a wider range on the final than on any of the
other designs (design 7, figure 8). The design selected proved very
effective in spreading the uneven flow when the gates were operated un-
symmetrically (plate 7). Vith satisfactory entrance conditions for the
pool assured, tests concerning the adequacy of the pool were conducted.
10. Study of the Stilling Pool Design.--The pavement downstream from
the sill of the original design of the stilling pool was omitted in the
model because it was desired to study the effectiveness of various designs
in minimizing the erosion of a pool bottom of silt and fine sand. More-

over, it did not seem essential so far as the operation of the pool was

concerned to pave such a large area downstream from the apron.

Since under certain conditions of operation it was possible for all
the gates in the control section to be opened suddenly, allowing 13,155
second-feet of water to flow into the stilling pool with the tailwater at
its minimum elevation, it was imperative that the structure be designed
for this contingency. With these conditions the hydraulic jump was com-

pletely swept from the original apron (design 1, figure 8). Streaming
flow carried beyond the square sill where a standing wave formed and rather

severe erosion occurred. It was noted that a substantial increase in
tailwater depth was necessary to return the hydraulic jump to the apron
when this condition was present, and that a slight increase in tailwater
depth would move the jump upstream only if the jump were formed partially,
with the streaming flow passing under the surface layer of tailwater. In
view of this observation, it was essential for the hydraulic jump to form
with its upstream edge in front of the sill, such that streaming flow
ceased to carry beyord it into the tailrace at the minimum tailwater ele-
vation. With this condition, the jump would move back rapidly on the
apron as the tailwater increased to its normal elevation. It was esti-
mated that normal tailwater on the prototype would be established in about
15 minutes, so the fact that the jump formed near the end of the pool for

the minimum elevation was not critical.
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The original design apron (design 1, figure 8) was too short when
the streams leaving the tops of the high steps of the toothed apron at
the upstream end of the pool floor arched over the downstream sill and
struck the sand portion of the tailrace. Smaller steps and a longer
apron were installed to eliminate this condition (design 2, figure 8).
The square sill was replaced by a 24-foot Rehbock sill. The jump did
not sweep off the apron at maximum discharge with a tailwater elevation
of 104.0, but the pool seemed to have more than sufficient length and
the sill too amsll., Accordingly, the height of the sill was increased
to 5 feet and the pool shortened to its original length (designs 2 and 3,
figure 8). The jump still formed on the apron but a high roll appeared
over the sill, indicating that the apron needed more length. Before it
was lengthened, however, tests were made to determine the essentiality of
the upstream steps (toothed apron). They assisted materially in keeping
the hydraulic jump on the apron and were indispensable for operating at
the low tailwater elevations. The pool length was increased to 60 feet
and the appearance was much improved. The steps were as essential as
with the shorter apron and were recommended for the prototype. Tests on
this arrangement indicated that the pavement downstream from the end of
the pool could be replaced by a 50-foot band of riprap and that the
warped wing walls could be shortened considerably. Also, that the warped
walls were essential in preventing erosion near the downstream corners of
the apron. When an acceptable design had been evolved (figure 9) perform-
ance tests were made and the model was demonstrated to the design section.
The arrangement proved satisfactory for all conditions under which it was
expected to operate, including gate combinations (plates 5, 6, and 7).
Slight changes in the pool to take care of structural features, which
included pavement downstream from the sill and increased warp length,
were installed and checked by model tests, The results remained unchanged
and the plan was adopted.
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CONCLUSIONS
11, Wasteway Structure.--The wasteway design, as evolved from the
hydraulic model studies (figure 4) will, under all conditions, adequately
and efficiently control flows up to and including the maximum design dis-
charge of 13,155 second-feet.
12, Entrance Transitions.—There will be smooth flow conditions at

the wasteway entrance transition for all discharges except those near the

maximum. It is anticipated that the wasteway will seldom operate at these
discharges, so the rough surface conditions, which did not appear objec-
tionable on the model, should not prove critical.

Smooth flow conditions will always be present at the original design
transition on the upstream end of the right wall of the approach section
when the operation is the same as that of the model.

13. Gate or Control Section.--A rearrangement and lengthening of the

end piers of the gate structure decreased the head loss due to contractions

at the ends of this section and eliminated submerged flow through it.

Better results were obtained when longer piers were used, but further ex-

tension was not considered justified when these piers were not needed for

supporting the highway bridge, which crossed upstream from the gate section.
14. By-pass Sluiceways.--The waves and splash resulting from the

impingement on each other of the sluiceway Jets were materially reduced
by changing the angle of the outside exit wall from 45 to 30 degrees and
by placing a protruding beam in the roof of each conduit.

15. Chute to Stilling Pool.--The railroad bridge crossing the chute
below the gate section should receive little or no splash for any method

of wasteway operation.

The flow through the wasteway would not spread to the width of the
stilling pool without the superelevation of the floor of the chute at the
vertical curve., Superelevating below the curve was ineffective, while
above the curve it became too effective, dividing the flow into two streams
at low discharges, and forming a standing wave in the channel immediately

upstream.
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The recommended superelevated spreader, which is symmetrical about
the center line at the vertical curve, will spread the wasteway flow very
uniformly from a width of 62 feet at the upper end of the chute to 140
feet at the stilling pool entrance for practically all discharges, thereby
causing an efficient hydraulic jump to form in the pool. All but very low
flows, which will be divided, forming two streams, one along each wall of
the wasteway, will be favorably affected by this superelevation. In any
case, the conditions for the amall discharges are not too objectionable,
especially when it is considered that a change to improve the flow for
these discharges resulted in undesirable and possibly critical conditions
for the maximum discharge. The design evolved from the model studies
will give optimum flow conditions throughout the discharge range.

16. Stilling Pool.--The wasteway stilling pool will be very effective
in dissipating the energy of the inflowing water when the tailwater becomes

normal or above,
The jump should not sweep completely off the apron at the maximum

discharge when the tailwater is abnormally low, but should move downstream
over the sill. In event the wasteway should be set into operation sud-
denly at the maximum discharge, the tailwater will reach the normal ele-
vation within a few minutes and the jump will move upstream into the pool,
thus this condition cannot be considered serious.

The warped walls at the end of the stilling pool are essential in
preventing the formation of return eddies which would scour the banks
below the pool. The paved floor downstream from the apron was not essen-
tial to the satisfactory performance of the wasteway stilling pool.

The riprap at the end of the warped walls is essential in damping
the wave action on the edges of the pool in this vicinity and preventing

scour of the channel near the downstream edge of the warp and pavement.
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FLALL 1

CHANNEL AND STILLING POOL.

ENTRANCE AND CONTROL SECTION,

RECOMMENDED WASTEWAY DESIGN - NO FLOW.



SET-UP.

SET-UP.

SET-UP.

SET-UP.

FLOW CONDITIONS AT

ORIGINAL DESICH. DISCHARGE 13,155 SECOND-FEEL.

DISCI'4RGE 13,155 SECOND-FLAT.
ALTERNATE DESIGN NC. 1.

A I D-+ o
ALTERNATE DESIGN NO. 2. DISCHARGE 13,155 SECOND-FEET

FINAL DESIGN. DISCHARGE 13,165 SHCOND-FEET.

LEFT ENTRANCE -~ VARIOUS TRANSITION DESIGNS.



SET-UP.

SET-UP.

SET-UP.

FLOW CONDITIONS

DISCHARGE 13,155 SECOND-FEET.
ORIGINAL PIER DESIGN.

CHARGE 55 OND-FE
RECOMLIENDED PIER DESIGN. SR ——

r 5 -FEET.
FINAL PIER DESIGN. DISCHARGE 13,155 SECOND-FEET

THROUGH CONTROL SECTION - VARICUS PIER DESIGIS.
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e WITHOUT DEFLECTOR SO

WITHOUT DEFLECTOR WITH DEFLECTOR
DISCHARGE 1,080 SECOND-FEET

WITHOUT DEFLECTOR
DISCHARGE 6856 SECOND-FEET MR

WITHOUT DEFLECTOR WITH DEFLECTOR
DISCHARGE 280 SECOND-FEET

FLOW THROUGH BY-PASS SLUICES WITH AND WITHOUT DEFLECTOR IN
ROOF OF SLUICE CONDUIT. 19-FOOT HEAD ON SIUICE.
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DISCEARGE 2,500 SECCID-FEET DISCHARGE 5,000 SCOND-FELT'.

FORLIAL TAILVATER ELEVATION 111.0

DISCEARGE 10,000 SECOND-FEET. DISCHAIGE 13,1560 SECOND~FEET.

NORKAL TAILWATER ELEVATION 111.0

STILLING POOL ACTION - VARIOUS DISCHARGES WITH NCORMAL TAILWATIR.
RECOMMENDED POOL DESIGN.
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INTHUR TATLWATHR (ML. 104.0) LAXTHUM TAILWATER (EL. 124.0)

DISCHARGE 13,155 SECOND-FEET.

BEFORE TEST ACCUMULATIVE SCOUR FOR TEST.
NO FLOW

STILLING POOL CONDITIONS - VARIOUS TAILWATER ELEVATIONS.
RECOMIZENDED POOIL DESIGN.
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GATE 4 ONLY OPEN GATE 3 ONL1Y OPEN
DISCHARGLE 3,250 SECOND-I'EET

CATES 1 AND 2 OPEN GATES 1 AWD 3 JPLW

DISCHEARGE 6,500 SRCCIDL-FRLL

GATES 2 .2D 3 CPE! GATES 1 AND 4 OPEN
DISCHARGE 6,500 SLCUND-MEYD,

GATES 1, 2 AND 3 OPEN GATES 1, 2 4I'D 4 OPEN
DISCHARGE 9,750 SECOND-FEET.

STILLING POOL ACTION FOR VARIOQOUS GATE COLIBINATIONS
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