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Subject: Hydraulic model studies of Navajo Dam diversion and outlet
works structure

SUMMARY

Hydraulic model studies of Navajo Dam diversion and outlet works structure
were conducted on a 1:2% scale model to develop the hydraulic designs of
the temporary and permenent stilling basins. During prototype construc-
tion of the lower portions of the dam, the partially completed outlet
works basin will be used temporarily as an energy dissipator for diver-
sion flows discharged through the 18-foot, 9-inch-diameter diversion
tunnel. Ilater, second-stage concrete will be added to the diversion
basin to convert it to the permanent outlet works stilling basin.
Discharges through the permanent outlet works will be controlled by

two T2-inch hollow-jet valves.

Performance of the diversion flow model showed the general concept of
the preliminary design to be satisfactory. However, it was found
desirable to add dentils to the sill located at the end of the hori- -
zontal apron and to lower the elevation of the basin apron 2 feet to
prevent the design flow of 14,500 cfs from sweeping out of the basin
wvithout the formation of a hydraulic jump. It was necessary to
eliminate abrupt slope changes in the floor between the tunnel outlet
portgl and the basin apron. This latter modification eliminated the
subatmospheric pressures found to be sufficiently large in the
preliminary design to cause cavitation erosion on the flow surfaces.
A pler nose wes added to the center dividing well to eliminate
excessive splashing and to protect the center wall from erosion by
debris and by cavitation. An end sill was installed at the down-
stream end of the upward sloping transition apron to reduce the
tendency to scour the discharge channel at the end of the sloping
apron. '
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Tests on the model of the permanent outlet works works utilizing the
two T2-inch hollow=-Jet valves for flow control showed the design to
be satisfactory for prototype use. The hydraulic design was based on
generalized procedures developed from an extensive research program
given in Hydraulic Laboratory Report No. Hyd-446; no modifications
were required.

ACKNOWLEDGMENT
The final plans evolved from this study were developed through the
cooperation of the staffs of the Spillway and Outlet Works Section

and the Hydraulic Laboratory during the period December 1957 to
October 1958.

INTRODUCTION

- N&vn,jo Dam, part of the Colorado River Storage Project, is located on

the' Sen Jua.n River in northwestern New Mexico gbout 39 miles east of
Farm:_Lngbon, New Mexico, Figure 1. The dam, Figure 2, is an earthfill
structure approximately 3,800 feet long at the crest, 370 feet high
above the riverbed, 3,600 feet wide at the base , and 30 feet wide at
the crest. -It will be the Bureau's second largest earthfill dam,
having a volum¢ of more than 26 million cubic yards. The hydraulic
features inclyde a spillway, an outlet works, and an auxiliary outlet
works.

The spillway, Figure 2, is located in the right abutment and is
uncontrolled. It is 138 feet wide at the crest and is designed to
discharge 34,000 second-feet at maximmm reservoir elevation. The
flow falls 410 feet through an expanding chute into the stilling
basin vhich is 195 feet wide by 163 feet long.

The auxiliary outlet works located in the right abutment beneath the
center line of the spillway, Figure 3, discharges up to 1,200 second-
feet into the spillway through the chute floor from a tunnel 6 feet
wide by 8 feet high. The purpose of this structure is to control
water releases while the diversion structure is being converted to
the permanent outlet works structure. It may also be used after
completion of the dam whenever the outlet works structure is shut
down for repairs.

The primary outlet works structure, which is the subject of this study,
is located in the right abutment adjacent and parallel to the spillwey.
During the early stages of construction, diverted riverflows will bde
discharged into the temporary stilling basin, a low head hydraulic
Jump~type stilling basin, Figures 2 through 7. The stilling basin is
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designed for a maximm diversion discharge of 1k4,500 cfs, entering

the basin at a velocity of 52.5 feet per second from an 18-foot,
9-inch-diameter concrete tunnel. The flow falls 38.5 feet through

the expanding diversion channel chute from the portal invert to the
stilling basin apron in a horizontal distance of 143.76 feet. The
stilling basin apron is horizontel at elevation 5678 and is 37 feet,

2 inches wide by 110 feet long. Along the center line, a dividing
wall 37 feet high extends 55 feet downstream from the upstream end

of the horizontal apron. The stilling basin training walls and a

1 on 6 upward sloping concrete apron extend 50 feet into the discharge:
channel. The discharge channel is 600 feet wide and extends downstream
from both spillway and outlet works. The riprapped channel bottom is &
continuation of the sloping apron, and slopes upward to elevation 5710.
For the design flow of 14,500 cfs, the discharge channel may not be
completely excavated and the tall water may be as high as elevation 5723,
5 feet above the apron. After construction materials have been
excavated from the discharge channel to final bed elevation 5710, the
tail water may be as low as elevation 5714, 36 feet sbove the apron,
for the design flow. '

After the auxiliary outlet works has been comstructed, the diversion
structure will be converted into the permanent outlet works structure.
The permanent outlet works is designed to discharge 4,680 cfs through
two T2-inch hollow-jet valves into a high head stilling basin of a
special type. Each valve discharges the flow dovmnward, at an angle of
24° to the horizontal, between two converging walls pleced on a

30° sloping floor joining the horizontal stilling basin apron.

The part of the temporary basin downstreem from the converging walls,
Station 22+46.20, including the discharge channel, does not require
modification for use as the permanent outlet works stilling basin;
upstreem from Station 22+46.20, the modifications require the addition
of the special features used in the permanent basin.

THE MODEL

A 1:2l scale model, Figures 8, 9, 10, and 11, constructed and tested in
the Bureau of Reclamation leboratories at Denver, Colorado, was used to
develop the designs of the diversion and permanent outlet works stilling
basins. The model was first comstructed to represent the diversion
outlet works stilling basin structure, including the downstream portion
of the diversion tumnel and about 100 feet of discharge channel beyond
the downstream end of the concrete apron.
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Plywood coated with resin and painted to resist warping was used for
the floor and left wall of the basin. The right wall of the basin
contained two glass panels to observe the hydraulic action within the
basin. The center dividing wall was made of sheet metal to prevent
warping. . '

The diversion tunnel was simulated by a 9-3/8-inch-inside-diameter.
sheet metal pipe about 9 feet long. The pipe was connected to the
12-inch water supply piping by means of a 3-foot long transition.
section. Discharges were measured using calibrated venturi meters
permanently installed in the laboratory.

The discharge channel downstream from the basin was molded in sand to
provide a movable bed for scour tests. The tall-water elevation was
controlled by means of an adjustable tailgate and was measured by use
of a staff gage located on the wall of the tail box, Figure 8.

After completion of the diversion works study, the model was converted
to represent the permanent outlet works. The diversion tunnel was
replaced with a manifold and two supply pipes, one for each of the
hollow-Jet valves, Figure 8. (In the prototype, the supply pipes are
installed in the diversion tunnel.) The valves were of machined brass
and were operating models of the T2-inch prototype valves. They could
be opened or closed to any desired opening. The 30° sloping floor

and the converging walls were made of treated wood.

THE INVESTIGATION

z primary purpose of the investigation was to develop the hydraulic
design of the outlet works stilling basin for diversion and permanent
outlet works flow. In aralyzing the requirements for the two types of
stilling basin, 14,500 cfs at low head for the diversion basin and
14,580 cfs at high head for the permanent basin, it was thought that
the basin required for the outlet works could be adapted for temporary
use as the diversion basin. The purpose of the tests, therefore, was
to find a basin which would perform adequately for diversion flows and
which could be modified by the addition of appurtenances or second-
sta.ge concrete to provide optimum performance for the perma.nent structure.

Preliminary Basin for Diversion

The preliminary basin is shown in Figure 12. The shape and size were
influenced by the requirements of the permanent basin; 4,580 cfs
discharging from two T2-inch hollow-Jet outlet works valves at high
head and tall-water range between 571l and 5715. However, the diversion
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requirement to discharge 14,500 cfs at low head with tail-water range
between elevation 5714 and elevation 5723 mede it necessary to increase
the basin dimensions. The diversion basin apron was, therefore, about

2 feet lower and about 20 feet longer than required for the permanent
basin and had en additional 50 feet of apron sloping upward at the rate
of 6 to 1 into the discharge channel. The basin width was acceptable for
both types of operation.

The performence of the diversion basin in discharging 14,500 cfs is
shown in Figures 13 and 14. The test data are summarized in Table 1.
At tail-water elevation 5717, the hydraulic Jump was swept out of the
upstream portion of the basin. Complete sweepout occurred at tail-
water elevation 5714, and a considersble amount of splash occurred
vhich was caused by the high velocity flow striking the upstream end
of the center dividing wall. Scour in the movable bed was quite severe,
Figure 15. For tail-water elevation 5723, waves were approximately
6 feet high at the tail-water gage. The basin, therefore, did not
perform satisfactorily within the expected tall-water range for the
design flow.

Pressures were measured beneath the Jet and on the center dividing wall
at the piezometers shown in Figures 10 and 11. For 14,500 cfs, pressures
were considerably below atmospheric at Piezometers 3, 5, 10, 11, and 16.
Pressures at Piezometers 3 and 5 were sufficlently low that cavitation
could occur in the prototype, Table 2. Piezometers 3 and 5 are located
in the floor of the diversion channel, just downstream from the abrupt
changes in slope. Plezometers 10 and 11 are on the side of the center
dividing wall near the upstream edge.

Piezometers 9, 12, and 16 showed less severe subatmospheric pressures.
Piezometer 12 is on the basin floor immediately downstream from the slot
at the upstream end of the basin; Piezometer 9 is downstream from
Piezometer 5; and Piezometer 16 is on the right wall immediately down-
stream from the station at which the walls begin to flare.

Basin Scheme No. 2

To help keep the Jjump in the basin at low tail-water elevations and to
reduce the scour in the discharge channel, dentils were installed on the
sill at the downstream end of horizontal apron and an end sill was placed
at the downstream end of the sloping apron, Figure 16. To reduce the
splash and to protect the upstream end of the center dividing wall, a
pier nose and a floor slot filler, both shown in Figure 16, were
installed. To reduce subatmospheric pressures downstream from the

abrupt slope changes beneath the Jet, the intersections were rounded

to the extent shown by the radii in Figure 16.
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The hydraulic performance of the basin for the design flow at both high
and low tail-water elevations, Figure 17, was improved, Table 1. For
tail-water elevation 5723, the pressure at Piezometer 10 was above
atmospheric, Table 2. For tail-water elevation 5714, the splash was
eliminated; however, the subatmospheric pressure at Piezometer 10 was
20 feet below atmospheric as compared to 9 feet in the preliminary
design, Tebles 1 and 2. The subatmospheric pressure was less in the
preliminary design because the blunt upstream end of the center wall
caused the flow to break away from the sides of the center wall and
some ventilation between the flow and the wall occurred for low tail
waters. The tail water could be lowered 1 foot more than in the
preliminary design before sweepout occurred. At tail-water elevation 5716,
the flow swept out of the upstream portion of the basin, and at
elevation 5713, the jump wes swept completely out of the basin. At
tail-wvater elevation 5714, before the tail weater was lowered to eleva-
tion 5713, the jump moved out of the basin, but "hung" on the sloping
apron at the downstream end of the basin. This was not satisfactory.

In the range of the expected tail water, elevation 5714 to 5723, scour
in the discharge channel was reduced considerably from that which
occurred with the preliminary basin. The reduction in scour was duve .
primarily to the addition of the end sill on the sloping aprom. The
8111 was, therefore, used in all other basin schemes tested (except
Scheme 35 and is recommended for the prototype.

The arcs Joining the slope changes on the floor beneath the jet were
made successively greater by increasing the arc radius. The upstream
curve was the more critical because submergence by the tail water
helped to reduce the magnitude of the subatmospheric pressure at the
lower arc. At the upper slope change, the subatmospheric pressure
was reduced from 22 feet, with no rounding of the intersection, to

T feet by using a 42-foot radius arc between the two slopes. Radii
plotted versus pressure at Plezometer 3, Figure 18, showed a straight
line relationship. Extrepolation of the straight line indicated that
a 60-foot or more radius would be required to eliminate the subatmos-
pheric pressure.

Basin Scheme No. 3

To impreve the performance of the basin still further and increase the
factor of safety against jump sweepout, Scheme 3, Figure 19, the basin
floor was lowered 2 feet to elevation 5678. The center wall pier nose
and the floor slot filler in Scheme 2 were used, but the dentils on

' the dentated sill and the end sill on the sloping apron were removed.
The floor beneath the jets was replaced; 4 planes instead of 3 were
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used to approximate the trajectory curve of the jet. This increased
the nwiber of intersections to 3, but reduced the angle between
successive planes. Twenty-foot vertical curves were used to connect
the planes. This provided a smooth path for the flow to follow from
one slope to the next.

The floor modification improved the pressures at Piezometers 3 and 5
sufficiently that they were near atmospheric or above for a discharge
of 14,500 second-feet, Table 2. Performance in other respects was
satisfactory, and this arrangement of floor planes was used in all
succeeding basin schemes tested and is recommended for the prototype.
Figures 3, 4, 5, 6, and 7 show the prototype installation.

The hydraulic jump was swept out of the upstream portion of the basin
at tail-water elevation 5715, Table 1, and completely out of the basin
at tail-water elevation 5712, giving 2 feet more tail-water range than
in the preliminary design. The water surface roughness at the tail-
water gage in the discharge channel was about the same as in the
preliminary design, Table 1. Scour of the discharge channel was less
than in the preliminary design, but it was believed that the end sill
recomzended in Scheme 2 would reduce the scour further.

Pressures on the side of the center wall at Piezometer 10 were as low
as 2 feet below atmospheric for the design flow , Table 1; 4 feet lower
than in Scheme 2. This was probably due in part to the additional

2 feet of drop to the lower basin floor and in part to the higher
velocities resulting from smoothing the floor beneath the jet.

Other Basin Schemes

Several basin schemes were tested in an effort to prevent complete jump
sweepout at tail-water elevation 5712 and to stabilize the hydraulic
Jump in the upstream portion of the basin for tail water as low as
elevation 5714. It was found that if the Jjump could be held in the
upstream portion of the basin, the subatmospheric pressure was reduced
on the side of the center wall at Plezometer 10; and in addition,
water surface roughness in the discharge chennel was reduced. The
pressure at Piezometer 10 was improved because the high velocity flow
at the plezometer was submerged by the jump. Data from most of the
schemes tested are summarized in Table 1.

Scheme 5 provided the best hydraulic performance. Six 12~ by 12-inch
tinbers spaced 12 feet apart were placed transversely on the basin floor
on each side of the center wall to act as intermediate sills to reduce
the bottom velocity. The sill recommended in Scheme 2 was placed at

the downstream end of the upward sloping apron. Performance of Scheme 5
is shown in Figure 20A for the design flow with the tail water at
elevation 571k.
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The water surface in the discharge channel was smoother than for any
other modification tested, and the design flow did not sweep out of
the upstream portion of the basin until the tail water had been
lowered to elevation 5712. Because of the relatively high elevation
of the movable bed, it was not possible to lower the tail water below
elevation 571l to determine the elevation at which complete sweepout
would occur. However, the safety factor against sweepout was considered
to be sufficient since the prototype discharge channel bed was to be at
elevation 5710 or above. Because the jump stayed in the upstream
portion of the basin for even low tail-water elevations, the subatmos-
pheric pressure at Piezometer 10 on the side of the center wall was
reduced from 24 feet to 14 feet of water. This scheme was not adopted,
however, because it was feared that timbers placed on the floor might
cause damage to the basin floor by cavitation erosion and by debris
swirling around on the downstream side of each timber.

In Scheme 6, the timbers were relocated, this time on the sloping floor
so that any possible cavitation damage would occur in the temporary
structure and would be covered by second-stage concrete when the diver-
sion works was converted to the outlet works. However, the timbers were
not as effective in this location and, also, it was doubtful that the
timbers could be fastened securely enough to prevent being torn loose
by the force of the oncoming flow. Figure 21A shows the downstream
flow conditions for this scheme.

In Scheme 7, the 12- by 12-inch timbers were replaced by four stream-
lined baffle piers on the basin floor at the downstream end of the center
wall. The hydraulic performance of this basin discharging the design
flow at tail-water elevation 5712 is shown in Figures 20B and 21B. The
baffle piers were effective in holding the Jump in the basin for tail-
water elevation 5714, but were not as effective as the timbers.

Pressures on the side of the center wall at Piezometer 10 were 20 feet
below atmospheric.

To move the jump farther upstream in the basin for tail-water eleva-
tion 5714, and thereby reduce the magnitude of the subatmospheric
pressure at Piezometer 10, Schemes 8 and 9 were tested, Figures 20C,
21C, and Table 2. In Scheme 8, five 12- by 12-inch timbers on the
approach slope were used along with the four streamlined baffles at
the downstream end of the center wall. In Scheme 9, six square-edged
dentils were used on the sill at the downstream end of the horizontal
apron instesd of the five 12- by 12-inch timbers in the approach. In
both of these schemes the jump moved upstream, and the subatmospheric
pressures on the side of the center wall were improved. However, the
timbers in Scheme 8 were objectionable for the reason discussed
previously, and the baffles in Scheme 9 were objectionsble because

of the subatmospheric pressures that were found on them. For the
diversion flow of 14,500 cfs, pressures were as low as 28 feet of
water below atmospheric, Figure 22. Therefore, in Scheme 10, only the
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six square-edged dentils on the intermediete sill were used. For tail-
water elevation 5714, the jump occurred farther downstream in the basin
then for Schemes 5, 6, 7, 8, or 9, Figures 20D and 21D, and Teble 1,
but overall performence was considered to be satisfactory. However, the
subatmospheric pressure problem on the side of the center wall at
Piezometer 10 remained to be solved.

Recommended Basin for Diversion

The recommended scheme, Figures 4, 5, 6, 7, and 23, is idemtical to
Scheme 10, except for the shape of the center wall pier nose, Figure 2k.
The pier nose wes reshaped to improve the pressures on the-side of the
center wall. As a result, atmospheric pressure was recorded on the side
of the center wall at Piezometer 10 for the design flow of 14,500 cfs
wvith the tail water at or below elevation 5714. For tall waters above
elevation 5714, pressures were above atmospheric. It was recommended
that the portion of nose submerged in the oncoming flow be carefully
constructed of concrete to provide a smooth surface and a smooth joint
vhere the pler nose joins the center wall. The portion of nose above
weter may be constructed of timber to any reasonable shape, since its
only purpose is to provide protection to the center wall from floating
debris. Eventually, the concrete portion of the pier nose will be
buried by the second-stage concrete, so that it is important that any
damage which might occur, vwhether from cavitation or impact, be confined
to the nose itself.

Two plezometers were installed on the concrete pier nose, Piezometers 13
end 14 on Figure 24, to determine whether subatmospheric pressures
occurred on the pier nose. Pressures were found to be above atmospheric
and no cavitation should occur in the prototype.

Characteristics of the hydraulic performance of the recommended design
are recorded in Teble 1, and flow conditions are shown in Figures 23,
25, apd 26. The magnitude of the movable bed scour in the recommended
design was much less than in the preliminary design, compare Figure 25
with Figure 15, and was considered to be satisfactory. However, it is
recommended that the prototype discharge channel be riprapped as shown
in Figure 7. For discharges less than the design flow shown in

Figure 26, the operation was satisfactory in all respects.

Recommended Besin for Outlet Works

The recommended basin for diversion was tested for use in the outlet
works. Second-stege concrete was added to the diversion channel eas
shown in Figures 4, 5, 6, and 7. The model of the recommended design
is shown in Figure 8.
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With both 72-inch valves operating fully open, the outlet works is
designed to discharge (1) 4,580 cfs with 210 feet of head at the

* valves and tail water at elevation 5711, and (2) 4,680 cfs with
217 feet of head at the valves and tajl water at elevation 5715.
For emergency operation with one ‘valve open 100 percent, the outlet
works is designed to discharge (1) 2,710 cfs at a head of 308 feet
with the tail water at elevation ) and (2) 2,650 cfs at a head
of 278 feet with the tail water a¥ elevation 5T1l.

The hydraulic design curves given in Hydraulic Laboratory Report
No. Hyd-4i6 1/ were used to obtain the basin dimensions for each of
the above operating conditions. The curves show that when 4,580 J
.cfs ﬂis discharged at maximum head with the tail water at elevation
571V, the basin should be 102 feet long by 16.25 feet wide (per 3
i )and the horizontal apron should be placed at elevation Sé 1’..'
Foril;680-cfs with the tail water at elevation 5715, the basin
length and width should be the same, but the apron should be placed
at elevation 3685, For one valve discharging 4,710 cfs at maximum
head with tail water at elevation’5 15, the apron shou;.d be 115 feet
long by 17 feet wide and shouyld be placed at elevation 5680,( For
one valve discharging 2. ,650" cfs and tall water at elevation STIL; tl
apron should be 111 feet long by 17 feet wide and at elevation 5678.
Each of these basin designs will give optimum performance for the

corresponding design condition.

Obviously, it is impossible to provide the best basin for each of the
above operating conditions; 1t is, therefore, necessary to compromise
and choose a basin that will perform well for the most usua.l operating
condition and satisfactorily for the others. @ most v ra

. condition vas considered to be Condftion Wo. 1 for 2-valve ope
whie 4 & basin 102 feet long, 16.25 feet wide, a.mi apro

a 5681,

For diversion-flow requirements, it was recommended that the main
position of the basin be 110 feet long by 16.54 feet wide with the
apron at elevation 5678. This basin 1s longer and wider than required
for the permanent outlet works and the apron is 3 feet lower. However,
the length and width are within practical limits and the tall water
depth in the basin 1s not excessive to the extent that 1t impalrs the
operation. of the permanent outlet works. The basin was tested to
determine its adequacy for permanent outlet works operation. Par-
ticular attention was given to the deeper than necessary tail water
and the effect of the extra length.

1/Hyd-345-. "Hydraulic Design of the Hollow-jet Valve Stilling Basin,"
by G. L. Beichley and A. J. Peterka.
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For 4,580 cfs, the tail water could not be lowered the full 3 feet to
test the basin at the ideal tall-water depth because the downstream
riverbed was too high. The depth could be reduced 2 feet to eleva-
tion 5709 as shown in Figure 27. The hydraulic performance was
excellent and the apron was judged to be about 8 feet longer than
necessary. This agreed with the length predicted from the curves of -
Hyd-446.1/

The outlet works discharging 4,580 c¢fs into the basin with the tail
water at minimum design elevation 5711 is shown in Figure 28. The
performance was nearly as good as for tail-water elevation 5709, but
as the tail water was raised above this point, the performance became
poorer as shown in Figures 29 and 30 for 4,680 cfs. The energy
dissipating action was less efficient as indicated by the turbulent -
boils which extended downstream into the discharge channel. However,
the performance shown in Figure 29, which is also a design operating
condition, is satisfactory; the performance shown in Figure 30 is
considered satisfactory for emergency operation.

Two other emergency operating conditions using only one valve are shown
in Figures 31 and 32. Here again the lower tail water provides the best
energy dissipating action and the smoothest water surface in the dis-
charge channel. The performance for both operating conditions is satis-
factory for short operating periods.

The complete range of possible discharges and corresponding tail-water
elevations for 2-valve operation was investigated. Fhotographs showing
50 percent of the design flow discharging through the valves 50 percent
oven, and through the valves 100 percent open, with tail-water eleva-
tions 5711 and 5723 are given in Figure 33. Of these operating
conditions, maximum head with wminimum tail water, Figures 33A and

33B, produced the roughest water surface. However, the water surface
was smoother than for the design flow, and movement of bed material in
the discharge channel was negligible. No other hydraulic problems were
encountered.

Scour in the discharge channel was investigated in the model using an
erodible sandbed, Figure 8. For 2-valve operation at maximum design
head and discharge, Figure 34A, the sand movement was slight as indicated
in a l-hour model test with tall water at elevation 5713. For l-valve
operation, some sand was deposited in the basin downstream from the
closed valve. Additional scour tests were made using stones placed on
gansyto simulate the prototype riprap, Figure 34B. The stones
in place for both 2-valve and l-valve operation.

11
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The following additional model data are summarized in Table 3. Pressures
at the piezometers installed earlier on the center dividing wall of the
diversion basin, Figures 10 and 11, were all above atmospheric pressure
vhen the outlet works was operated. The pressures, in general, were
equal to static head or the depth of water above the piezometer. Water-
surface fluctuations measured at the staff gage in the discharge channel
were not considered to be excessive. The maximum fluctuation was

- approximately 1l foot and occurred for one valve operating at maximum
design capacity. The tail-water elevation at which the stilling action
was swept out of the upstream portion of the basin provided more sweep-
out safety factor than is ordinarily necessary. For l-valve operation,
the tail-water elevation had to be lowered more than 5 feet below channel
bed elevation 5710 before sweepout occurred; for 2-valve operation, more
than 8 feet. To accomplish this in the model, the channel bed was
lowered approximately 10 feet before the test began. In the prototype
an extreme amount of degradation of the channel would be necessary -
before the stilling action could be impaired by low tail water.
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Table 1

DIVERSION MODEL TEST DATA SUMMARY

: : : : : : H : s H :Subatmos~: :
: : : :Center: : : : pheric : Wave Wave

: : : Tall : Tail-: pressure:height at theight at

:Basin: nose : :at end :on 8il1:5111 at: water: water: at piez-: tail- tail-

:floor: piece:l2 x 12: of : at end: end of: for : el at: ometer :water gage:water gage

el : and :timbers: center: of :sloping: com- : which: No. 10¥% : for tail-: for tail-
: floor: : wall : horiz.: apron : plete:sweep-:for tail-: water el : water el

: : : slot : : : apron : :sweep-: out : water el: 5723 5714

: : :filler: : : : out :begins: 571k (ft: (ft) (£t)

: wall : :Baffles ;Dentils :

sFigures: Approach
: ttrajectory :

Scheme

: : : : : : : : :of water): :
Preliminary:12 thru:Preliminary: 5680: No : No : No : No : No : 571k : 5717 : 9 :
s 15 : : : : : : : : : : : :
No. 2 :16 and :Scheme 2 : 5680: Yes : No : No : Yes : Yes : 5713 : 5716 : 20 :
: 17 : : : : : : : : : : : :
No. 3 : 19 :Recommended: 5678: Yes : No : No : No : No : 5712 : 5715 : 2y . 5-1/2 --
: : : :Scheme: : : : : : : : :
: : : + No. 2: : : : : : : : :
No. 4 : «= :Recommended: 5678: Yes : No : No : No : Yes : -- : 571k : 2 : 6 : --
: : : :Scheme: : : : : : : : :
: : : : No. 2: : : : : : : : :
No. 5 : 20A :Recommended: 5678: Yes : 6 on : No : No : Yes : -- : 5712 : i 0k : 3
: : : :Scheme: basin: : : : : : : :
: : : : No. 2: floor: : : : : : : :
No. 6 : 21A :Recommended: 5678: Yes :51in : No : No : Yes : -- : 5712 : % : 5 : 4
: : : :Scheme: dlver-: : : : : : : :
: : : : No. 2: sion : : : : : : : :
: : : : :channel: : : : : : : :
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Table l--Continued

Scheme :Figures: Approach

Center:
wall :

e oo oo

:Bagin: nose :

:floor:

:Baffles:Dentils

:at end

plece:12 x 12:

of

.
.

Tail

Tall-

. e o

Subatmos -
pheric

pressure :height at

: Wave

ton 8111:5111 at: water: water: at piez-:
at end: end of:

.
.
.
.

for

el at:

ometer :water gage

tall-

Wave

theight at

tail-

:water gage

No. 9

No. 10

and 9 :

20D and:Recommended

¢+ No. 2

No

No

Yes

Yes

5714

20

5-1/2

5-1/2

: :trajectory : el : and :timbers: center of :sloping: com-: which: No. 10*% : for tail-: for tail-
: : : : floor: : wall : horiz.: apron : plete:sweep-:for tail-: water el : water el
: : : : slot : : : apron : :sweep-: out : water el: 5723 : ST1h
: : : :filler: : : : out :begins: STA4 (ft: (£t) : (£t)
: : : : : : : : : :0f water): :
Fo. 7 :20B and:Recommended: 5678: Yes : No : Yes : No : Yes : -- : 5713 20 5 : b
: 21B :Scheme: : : : :
: : : Fo. 2: : : : :
No. 8 :20C and:Recommended: 5678: Yes :5in : Yes : No : Yes - 5712 h1S 4 : 3
: 21C :3cheme: diver-: : :
: : : Fo. 2: sion : : :
: : : :channel :
:20D and:Recommended: 5678: Yes : Wo Yes Yes Yes .- 5712 15 :  3-1/2

Recommended

« 21D
: 21D
. 25

:Recommended

00 oo 00 606 00 90 S0 40 28 e 0 6 e P 00 1e S° so ee oo

:Scheme:

5678;Recom-
:nmended:
:scheme:

No

No

Yes

@0 ®o 46 00 00 o6 5 00 60 e0 o8 se &

Yes

89 90 00 00 08 00 00 00 o0 00 06 0 00 0 00 o 00 ee oo o0 oo |ee

5714

00 08 00 00 C° SO 44 @8 60 00 0 S G0 Ge 00 0 00 o0 00 e¢ e

90 00 20 oo 00 % 40 00 00 00 90 se 00 00 5 00 so o0 00 00 s |e

*See Figures 10 and 11 for Plezometer 10 location.
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Table 2

DIVERSION BASIN PRESSURES
14,500 cfs

Model

:Tail-water:

Piezometric pressures in feet of water

arrangement: elevation: 1 : 2 3 L : 5 : 6 : 7 9 : 10 11 : 12 : 13 : 1% : 15 : 16 : 17 : 1B

+ 5723 ;412 : 411 : <22 : 41 : =16 : +19 : +23 : -1 : +2 : =1 : -5 : 425 : 432 : 433 : +2 : -3 : +11 : +5
Preliminary, ST 2 412 : +11 : 22 : 41 : =16 : +19 : #23 : -1 : -2 : -9 : -8 : -3 : :
Scheme : 5723 : +11 : +#11 : -13 : 0 : - 7 : +18 : 422 ; -1 : + b : +#16 : +32 : +28 : +33 : +34 :
No. 2 : S7I4% ¢ +#11 : 411 : -13 : +0 : =12 : +#13 : +22 : =1 : =3 : =20 : +2 : -8 : +2 : +2 :
Scheme : 5723 :+ 7 :+4 :+1:%T :%20:+5: s +3 ¢ +10 : #1430 : +h2 : : :
No.3 : S57Tab :+7:+h4 :4+1;:<1l:-1:+5: T4l : 42 2 24 2+ 2 ;24 : :

See Figures 10 and 11 for pilezometer locatlons.
See Figure 12 for preliminary basin.
See Figure 16 for Scheme No. 2
See Figure 19 for Scheme No. 3.
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Teble 3
RECOMMENDED OUTLET WORKS MODEL TEST DATA SUMMARY

: : : :Tail-water: : Water surface : Tall-water
Discharge:Valves:Percent,: Head :elevation :Pressures in feet of water :fluctuation at : elevation
(cfs) : used : open :at valves: of gage : Piez : Plez : Piez : Piez :tall-water gage: feet

: : : (feet) : (feet) :No. 10:No. 1l:No. 12:No. 13: (feet) :For sweepout
4680 :Both : 100 : 217 : 5715 : +21 : +26 : +57 : +23 : 0.75% : 5702
4580 :Both : 100 : 210 : 5S5TI1 : +1k : 419 : 459 : +22 : 0.50t : 5702
2710 :Right : 100 : 308 5715 s +17 ¢ +22 : +39 : +33 : 5705
2650 :Right : 100 : 278 : 5711 : +10 : +16 : +37 : +30 : 1.00% : 5705

See Figures 8, 9, and 10 for tail-water gage location.

See Figures 10 and 11 for piezometer lecations.

Zero pressure is atmospheric; plus is above atmospheric.

At sweepout tall-water elevation the turbulent stilling action is out of upstream portion of basin
- and on the verge of complete sweepout from basin.
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FIGURE 3
REPORT HYD. 457
o ~N
/////I (a+ 30°42' 8 /b _---End of service 30" H.J. VALVE, AUXILIARY OUTLET ANO 36°DIA.
e ' R= 200" 3 A $ raad,Sta. 29+13 BYPASS-DISCHARGE IN 100 C.F.S.
E1.5728.5- /4T < 54.80] AL _---Limit of excovation Area *;. 9 s ] s 2
Diversian R L L= o7’ /&~ L . N ' "
approoch channel =~ " ‘{ A N ot + Slope varies M / 72" H.J. OUTLET-DISCHARGE IN 1000 C.F.S.
62" A Litinrack \ [FR[$) 9 . Sta 2400, 1< from 1g:1 fo 2:1t-> . | 2 .3 a4 5 e 7 __8 L
! . P~ [O — 4 (| \above EL5725 | IPTTIT T ]
| __€Gale structure 13:1 in cammon-< Y7~ ] s s Mox. Res. W.S.E(.6/0/. 5»\i
1 Sta.10+38.50 b I 6008 b dee b ebopopo
ol N.20,418.64 ‘ N
] £.52,992 73+ o -
o A - :
. ardrail oA = 8 &)
€ Auxiliory outlet warks>: TN > 6u 3 ~- pf Aur-é NS ' z 3 \gl ]
Lz‘ > 6" Crushed rock-- ' © M 1:, 3'Ripgag 0"’8"1 g g K . N E
intake structure” S Z ) , . P - o - : sand & gravel 2 < 60001 of £ Y ¥
£1.577 1 “‘%\f i ~~€ Outlet tunnel 5.59° 18" W. Tuhpel access house--~ ’ 1575 - ' 7y 01;3 as directed™ T = NIE :\T/ 5
A e et = N e By ) vaue’ 2o 3 Y. o s |3 Ly “
i 0l% A 2 1x
. " ; : = — - P 2 u 3 = &
N ~E1.6108.0 - - i €30"10 [N o | 5725.0[°: N a N a
\ H | LS. o i o 2 z
> 6" Crushed rock- ' [l AR ] Sli--XE et - & 5900 E]
/ ' " RN TEOS : Minimum channel 3 I a
| 6 cr‘:g’l(wed-- B I } width required for, '7 <
S g ; RN X | diversian.-.....~ 4 S
$ M A 10N — ; < >
B 157310 ), ., EL57I5.0 = N ol
v - 5800 H+—0 5730
8§ - 7t ! Control house—-" L g __7'"
v S : >
& "y S : ] LA
% PC. Sta. 9+01.91-- Rosey [ ; w L
. Sy e - £
=== =33 & 5700 5720
PT.510.9+5549 |- > 3 --Sta. 11+18.50 For outlet channel S/ L
' . ! ) excavation See Dwg.,- o/ ‘ e
! D38 " - / covotioh | 1
S Spili B 71-0-38 ’ 'railwater= Max._channel Ex
‘€ Spillway Sto.10+48.50 W 7 / ’ ,
N.20.628.50 *%0, |- Sta. 25+23 1 T lario
E.52.856.50 PLAN 5 0 s 2
DIVERSION - DISCHARGE IN 1000 C.F.S.
®..0 % o 5 b 5 % %
) SCALE OF FEET TAILWATER - DISCHARGE IN 1000 C.F.S.
-Hydraulic gate hoist € Pipe----~ 4 L‘"";;i Tunnel DISCHARGE AND TAILWATER CURVES
-E1 6108.50 VIR R
Max. Res. W.S. E1.6101.5---, ~El. 6108.0 St X s T @ao-1"c \
Ty — e : .-€ Pipe suppari -1"crs.
Normal W.S. EI. 6085.0 P r— |
—_—t L Gate stem ) < e o epn £ Walkway suppart
storage rack”’ ! B 20-03 @ 40-1"crs.
€ Intoke structure Sta. 4+55- g ™Y
. h ‘ . & Tunnel
..... Ground P s 3T . ;
) , Surface EVR - v ; [ ] > 12" Cr> ..
Min. oper'g W.S. E1.5990.0- IV\E = . pe ! 4.1 e Walkway
- OG8Ny - 50" 12 gt 15..1‘4 I Inot shawn--*
Stg. 21+00 Tunnel i B
NIt € cate shoft, sta. 10+38.50 invert &1.5718.50-.
o h ) Sta. 20+50-)~. \ - ; = *
ill £1.5882.50- . ~-Sta. 10+90 Q 1 . BT * 2"Deep sawcut X - ———— = e,
i3l or strip ‘ = -UN Bl ’ . : alonqpourline ot \Anchor balts and metal wark . [
ta rock L « <JB support recesses’ not shawn. EC. C-C cbH
_-Sta. 5+60 Sta.10+00-, : : ' - SECTION .B-8B
] > i : 1 PIPE SUPPORTS Supports ta be canstructed ofter WALKWAY SUPPORT
Grout hales 30 *deep @ 20'c r s. ( staggered)---> 3 ; 'y Vaive h P . :
i jon inlet pi ! e £1.5766.00 3 N ~-Vaive house completion of diversion thraugh
iversion inlet plug. LE15730. 53, 44 52, o -EL . Y _ Do | ; iE P ot g
9, .~ E15730.00 /520073 £1.5726.52 . 3‘ E‘Lf 110" 0.0. steel pipe -§%.007344 -18-9" dia. tunnel Tunnel geeess hause-- B 1 —— 4 22 Ring follower gates _p~original graund line 69" dia. tunnel.
; . £ £ : /| —_————— T
£1.5728.5---. N = : (Stilling basin ;57230 ., a1 ¢ NOTES
\ ™ . 1 . : N P =~_- EYES A ' For general nates see dwgs. 40-D-553/ B 40-0- 5586
! 8- g" 1 i~-One raw reinforcement- >-<--—--~--. wm—a e e - . : ~x 3 3B A N I s .
St0.5+34 - >~<: 89" Dia. tunnel Sra.lo'08.50~—>i ; f( eac/h face. ¢ >: Sta. 13+ 00 One row reinforcement inside face ,;:i‘;fgg;;?:;,;";a'; ) ki N N \/ A\ =0 Spacing af transverse canstruction joints in tunnel linings
[ . ~-Sta. 13+ H . - N !
s e One row reinforcement each face---------+ = iSta. 0+ 73.50 Sta. 19+50 face ; ; “-El 5678.00 shall nat exceed 50. X )
PRI, - i 726 1 . \ " 5 Metal waterstops shall be placed in all transverse canstruction
6%13'Fixed wheel gate- \E1.5726.04 Invert Manifgld block” 2-72" Hollow jet vaives jaints in tunnel linings.
#i orifrlp o, PROFILE - OUTLET WORKS i Where directed, apply sprayed ar concrete pratective
ta rac “~.. Ground surface-. Sta.4+50 ., coating ta freshly exposed surfoces
. % , , Sha 11445 e *If rack in channel is suitable, excavation shall be campieted
Sta.3+45--.. t<-----------Grout holes 20'! deep @ 20 crs. staggered----~-v-m- 20T Graut holes 20°'* deep @ 20'crs. Crown anly. - — - - -~ = \.--Sta. 18+ 00 to the channel profile amitting riprap and bedding
as directed by the cantracting officer

EI.577I,I--~\/

>
Sta. 3+64 Y
Sill £.577500-"F

. PN
One row reinforcement. '\

each face---""
Y

=LA
7-0"Dia. funnel for sectians : 1/ 11 gSta. 1i+55 .-6%0"x 8-0" Tunnel. For sections i
7 see Dwa. 711-0-50 gg'gaggc;mbef-»-.\ \ | [.--"9-0"x4-0" Tandem outlet gate /" " see Dwg.71/-0-50. i /5=.00862
9 el ! i ioiiseeeeee—na—/--Drainage hales 10'? deep 20't ¢ rs.
A ~Sta.4+24 ; i i<-Sta. I1+42 E1.5769.02
- - I - i a. - N i
\ ¢ ;" O”“’]""/_Z r‘jmfamemenfﬁ‘ steamias s ieeimecs oo .oo-----On€ FOW reinfarcement each face ---------m == emae e ]
i reinfarcement v gy, 5+90 Sta.8+95 nside face RRDERES Sta. 10+ 95 Invert E1.5769.10 . .
inside face ’ ) E1.5762.02;
“Sta. 3+74 PROFILE ~ AUXILIARY OUTLET WORKS
Pipe ar drilled hales in tunnel arch

Vent holes at highest
breaks in excavatian-- . _

.---Graut hales, stagger
T
R {xe 7 Drainage hales

!/ 20t deep @ 20’
i crs.

UNSUPPO

RTED SECTION

. for placing martar ar grout by grouting
;. methad, locatian os directed.~--.._

adjacent rings as shawn.

STRUCTURAL STEEL RIBS ONLY

,-Vent hales at highest
breaks in excavatian.- ---

_----Temparary timber spreaders

pr

lce preventian lines .

8" Air inlet pipe:\ ~

~'B" Line

A Line

WITH LAGGING

SUPPORTED SECTIONS

TYPICAL TUNNEL SECTIONS

26" Ventilatian duct,

STRUCTURAL STEEL RIBS

,-Pipe or drilied holes in tunnel arch for
/ placing mortar or grout by grauting

-5t 19+98;

~~Control hause

A
-Spillway stilling basin

«-For details beyand Sta. 19+54
see Dwg. 71-D-491

B =

Paint exposed‘half

REFERENCE DRAWINGS

OUTLET WORKS

INTAKE STRUCTURE __

GATE STRUCLTURE AND SHAFT.
OIVERSION CHANNEL - MANIFOLD BLOCK - TUNNEL
ACCESS ANO CONTROL HOUSE. ..

VALVE HOUSE S

STILLING BASIN. . oo

ACCESS TUNNEL AND AUX. QUTLET TUNNEL SECTION:

AUXILIARY OYTLET WORKS:@ INTAKE STRUCTURE..
G

HEET

110" 0.0. STEEL PIPE. ..

SPILLWAY - PLAN AND SECTIONS. ..

.. 711-D-I51 TO 154 INCL, 711 -D-44
7t1-D-45

_7i1-D-46
-D-47 B48
. 711-D-49

P AND 2 ..

ATE CHAMBER

--711-0-38

-[ OUTLET STILLING BASIN REVISEO

SPILLWAY INTAKE CNANNEL REVISED

| EXCAVATION AREA®{ REVISED. GORRECTION MADE

DEPARTMENT DF THE
BUREAU GF RECLAMATION

5 COLORADO RIVER STORAGE PROJECT

SAN JUAN DIV.-NAVAJO UNIT--COLORADO-NEW MEXICO

N

QUTLET WORKS
PLAN, PROFILE AND SECTIONS

UNITED STATES
INTERIDR

AVAJO DAM

/3

,_SUBMITTED_.@MM

nz:ommzwazu,.gll‘m_
&< 7 7

APPROVED. . . - &5x_ g7y &7 . —
cH EFYoRGION NG ENOINEER

method , location as directed. with plastic compaund’,/ D -15-58
[P \ ~Constr. [aint [D ﬁ
Detail X & . ) ‘B Line ,.-Gravel or rock fragments re_u. 5
“ Detait Z .----Expansion device._ P Wi © to be grouted offer 0 j
) (JA Line lacing concrete tunnel 5—23-56
--Roaf Tie rods-- P g
raw24 -ooenred b:',‘,‘;p_m lining. Py 73
2"Mesh *3 gage e S °
chain link fabric 8W 24 structural .- Liner plates--- A s u
as directed---""""z steel rib-="" only Face of tunnel- 8"Metal Waterstop E
< 6" < H
B Line-e. /] DETAIL W DETAIL Y METAL WATERSTOP |3,
‘A" Line~._ " i lates . ge
20" P -Space belween cantinuaus liner L/nef‘ P S 3z
0= ~ plates ar lagging and the ‘8" Line-~. T
Walkway — / excavated surface shall be salidly 32
: e Tie rods---7. packed with clean rack fragments g«
'pe supports @ 4071 CI:S’R HASLLI;P;(EJ%T.’I.ON 4 Line I» or gravel and filled with mortar x e onawn. . E.S.
OOF BOLTS - Ep or grgut by grauting methads ~ALine o .
8W 24 steel rib..- after placing cancrete tunnel lining..--=~ ‘ acED. .
Metal lagging.--~~ v | enmenro C.CH.
DETAIL X DETAIL Z e

DENVER, COLORAOO, MAY |,i958

|  71i-D-43



Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng


FIGURE 4
REPORT HYD. 457
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PLAN it g\ ' o ;r< -97:6"To € of . SO Concrete outline of s> 1<7" o wneit Anchor bors @ 50" crs. EE A0
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FIGURE 5
REPORT HYD. 457
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FIGURE 6
REPORT HYD. 457
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FIGURE 7
REPORT HYD. 457
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Figure 8
Report HYD 457

Recommended Permanent Outlet Works Basin

NAVAJO DAM
1:24 Scale Model Used to Develop
Diversion and Permanent Outlet Works
Stilling Basins
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Figure 9
Report HYD 457

Intermediate baffle piers were not
recommended for prototype use

Design Discharge ~ 14,500 CFS
Tailwater Elevation 5716

NAVAJO DAM
Diversion Stilling Basin - Scheme #9
1:24 Scale Model
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FIGURE 10
REPORT HYD 457
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Figure 11
Report HYD 457

A Diversion Channel B Diversion tunnel outlet portal
Looking Upstream ’

C Stilling basin looking upsiream

D Two drains and pier nose
at upstream end of basin
dividing wall.

Numbers and circled points designate piezometer locations.

NAVAJO DAM
Diversion Model Piezometer Locations
1:24 SCALE MODEL
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FIGURE 12

REPORT HYD. 457
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NAVAJO DAM '
Preliminary Diversion Basin - 14,500 CFS - Tailwater Elevation 5723
1:24 Scale Model
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NAVAJO DAM

Preliminary Diversion Basin - 14,500 CFS - Tailwater Elevation 5714
1-94 Seale Madel
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A. Before Model Erosion Test

B. After one hour model erosion test
14,500 CFS - Tailwater elevation
5718.5

NAVAJO DAM
Preliminary Diversion Basin - Scour Test
1:24 Scale Model

Figure 15
Report HYD 4
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FIGURE 16
REPORT HYD 457
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Figure 17
Report HYD 4

A. Tailwater Elevation 5716

B Same as in A C Same as in D

D Tailwater Elevation 5723

NAVAJO DAM
Diversion Stilling Basin Scheme #2 - 14,500 CFS
1:24 Scale Model
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FIGURE I8
REPORT HYD 457
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Figure 20
Report HYD 457

A. Scheme #5
Six 12" x 12" Timbers
spaced 12 feet apart on
basin apron plus a
3~foot high sill at down-
stream end of sloping
apron.

B. Scheme #7
Four streamlined baffles
at downstream end of
center wall and plus end
sill in A above.

C. Scheme #8
Five 12" x 12" timbers
spaced 12 feet apart in
diversion channel plus
four streamlined baffles
in B above and end sill
in A above,

D. Scheme #10
Square edged dentated sill
at downstream end of
horizontal apron and an
end sill as in A above.

E. Same as D except
without end sill.

Note: Apron elevation 5678; tailwater elevation 5714,
Center wall pier nose and slot filler are in place.

) NAVAJO DAM
Modified Diversion Basin Designs-~-14, 500 CFS
1:24 Scale Model
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Figure 21
Report HYD 457

A. Scheme #6
Same as C in Fig. 20
except without stream-
lined baffles.

B. Scheme #7
Same as B in Fig. 20

C. Scheme #8
Same as C in Figure 20

D. Scheme #10
Same as D in Fig. 20
Recommended

E. Same as E in Figure 20

Note: Tailwater is at elevation
5714,

NAVAJO DAM
Modified Diversion Basin Designs--14,500 CFS in Discharge Channel
1:24 Scale Model
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FIGURE 22
REPORT HYD 457
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Figure 23
Report HYD 457

Looking Downstream

Side View

Side View - T.W. El. 5723

Side View - T. W. El. 5714

NAVAJO DAM
Recommended Diversion Basin - Dry Model and 14,500 CFS Discharging
1:24 Scale Model



FIGURE 24
REPORT HYD.4
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Figure 25
Report HYD 457

A. Stilling Basin

B. Discharge Channel

C. Erosion after one
hour model operation

NAVAJO DAM
Recommended Diversion Basin - 14,500 CF'S and Scour Test
T.W. El. 5718.5 .
1:24 Scale Model
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Discharge = 3, 625 cfs

Discharge = 7, 250 cfs

Discharge = 10, 875 cfs

T. W. El. 5711 Discharge = 3, 625 cfs

T. W. El, 5713 Discharge = 7, 250

T. W. ElL. 5714 Discharge = 10, 875 cfs

NAVAJO DAM
Flow Conditions in the Recommended Diversion Basin

T. W. El, 5718

T. W. El. 5721

T. W. El. 5722
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Figure 27
Report HYD 457

Note: 217 feet of head at valves 100 percent open

NAVAJO DAM
Recommended Outlet Works Basin--4580 CFS-~Tailwater Elevation 5709
1:24 Scale Model
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Figure 28
Report HYD 457

Note: 210 feet of head at valves 100 percent open

NAVAJO DAM
Recommended Qutlet Works Basin--4580 CFS--Tailwater Elevation 5711
1:24 Scale Model
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Figure 29
Report HYD 457

Note: 217 feet of head at valves 100 percent open
Water surface fluctuation at tailwater gage is 0.8 foot

NAVAJO DAM
Recommended Outlet Works Basin--4680 CFS--Tailwater Elevation 5714
1:24 Scale Model
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Figure 30
Report HYD 457

Note: 217 feet of head at valves 100 percent open

: NAVAJO DAM
Recommended Outlet Works Basin--4680 CFS--Tailwater Elevation 5723
1:24 Scale Model
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Figure 31
Report HYD 457

Note: 278 feet of head at left valve 100 percent open

NAVAJO DAM
Recommended Outlet Works Basin--2650 CFS--Tailwater Elevation 5711
1:24 Scale Model
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Figure 32 ‘
Report HYD 457

Note: 308 feet of head at right valve 100 percent open

NAVAJO DAM
Recommended Outlet Works Basin - 2710 CFS - Tailwater Elevation 5715
1:24 Scale Model
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A. Valves 50% open, Head
166 feet, T.W. E1 5711

B. Same as A

C. Same as A except
T.W. El. 5723

NAVAJO DAM
Recommended Outlet Works Basin - 2, 340 CFS

1:24 Scale Model

C. Valves 100% open, Head
54 feet, T.W. El. 5711

D. Same as C.

E. Same as C except
T.W. El. 5723
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Figure 34
Report HYD 457

A. Head at valves 100 percent open
217 feet. Tailwater elevation
5713. Erosion pattern in sand
after a one hour model test run.

B. Head at valves 100 percent open
217 feet. Tailwater elevation 5713.
Erosion pattern in riprap after 5
hour model test run.

NAVAJO DAM
Recommended Qutlet Works Basin--Scour Tests--4,680 CFS
1:24 Scale Model
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