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Hydraulic model studies of Navajo Dam‘d,'f;’;'ersion and outlet works structure
were conducted on a 1:24 scale model to develop the hydrsulic designs of
the temporary and permanent 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. Iater, second-staege conerete will be added to the diversion
basin to convert it to the permanent outlet works stilling basin.
Discharges through the permanent cutlet works will be controlled by

two 72-1nch *ho]law-.jet valves.

Performance of the diversion flow model showed the general concept of
the preliminary design to be setisfactory. However, it was fownd
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

without the formation of a hydraulic jump. It was necessary to
eliminate asbrupt sliope 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.

o A pier nose was added to/the center dividing wall +o 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. L B .




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.frcm*an:exbensive'tresearch progranm
given in Hydraulic Leboratory Report No. Hyd-446; no modifications
were required. ‘ G e :

The final plans evolved from this study were;develqpedéthrbu@ the :
cooperation of the staffs of the Spillway and Qutlet Works Section
and the Hydraulic Leboratory during the period Decizmber 1957 to-
October 1958. o V ' BRI RS P
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INTRODUCTION s |
Navajo Dam, part of the Colorado River Storage Project, is located on
the San Juan River in northwestern New Mexico about 39 miles east of .
Farmington, New Mexico, Figure 1. The dam, Figure 2, is an earthfill
structure approximately 3,800 feet long at the crest, 370 feet high
sbove the riverbed, 3,600 feet wide at the base, end 30 feet wide at
the crest. It will be the Bureau's second largest earthfill dam,
having a volume of more than 26 million cubic yards. The hydraulic = |
features-include a spillway, an outlet works, and an auxiliary outlet
wOorks . ; : ARSI : .

The spillvay, Figure 2, is located in the right sbutment.and is
uncontrolled. It is 138 feet wide at the crest and is designed to
‘discharge 34,000 second-feet at maximm reservoir elevation. The
flow falls 410 feet through an expanding chute into the stilling
basin vihich 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~
; Teet 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
vater releases vhile the diversion structure is being converted to
the permanent outlet works structure. It may a&lso be used after .
completion of the dem whemever the outlet works structure is shut
down for repairs. ' : ; L _ SUTET
The primary outlel works structure, which is the subject of this study,
is located in the right abutment adjacent and parallel-to the spillway.
During the early stages of construction, diverted riverflows will be
discharged into the temporary stilling basin, a low head hydraulic
Jump-type stilling basin, Figures 2 through 7. ‘The stilling basin is




designed for a maximm diversion discharge of 14,500 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 upstresm end

of the horizontal spron. The stilling basin training walls and a ‘
1 on'6 upward sloping concrete apron extend 50 feet into the discharge
chaonel. 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 teil water may be as high as elevation 5723 A
Iy feet above the spron. After construction materials have been
excavated from the discharge channel to final bed elevation 5710, the
tall water may be as low as elevation 5714, 36 feet above the aprom,
for the design flow. ‘ R ‘

After the auxiliary outlet works has been constructed, 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 72-inch hollow-jet valves into a high head stilling basin of a
special type. Each valve discharges the flow downward, at an angle of.
2l° to the horizontal, between two converging walls pleced on & '
30° sloping floor joining the horizontal stilling basin apron.

The part of the temporary basin downstream 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;
upstrean from Station 22+46.20, the modifications require the addition
of the special features used in the permanent basin. » ,

THE MODEL

A 1:2h scale model, Figures 8, 9, 10, and 11, comstructed and tested in
“the Bureau of Reclamation laboratories at Denver, Colorado, was used to
develop the designs of the diversion and permanent outlet works stilling
basins. The model was firat constructed 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.



'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 dowmstream from the basin was molded 1n sand to
provide a movable bed for scour tests. The tall-water elevation was
controlled by means of an adjustiable 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. ‘

B

THE INVESTIGATION

The primary purpose of the investigation was to develop the hydraulie
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

4,580 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-

stage concrete to provide optimum performance for the permanent structure.

Preliminary Basin for Diversion

The preliminary basin. is shown in Figure 12. The shape and size were
influenced by the requirements of the permsnent basin; 4,580 efs
discharging from two T2-inch hollow-Jjet outlet works valves at high
head and tall-water range between 5711 and 5715. However, the diversion




requirement to discharge 14,500 cfs at low head with tail-water ra.nge
between elevetlon 5714 and elevation 5723 made it necessary to lncrease
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 an additional 50 feet of apron sloping upward at the rate
of 6 to 1 into the discharge chennel. The basin width was acceptable for
both types of operation.

Tre performance of the diversion besin in discha.rging 11-;,500 cfs is < .
shown in Figures 13 and 1. The test data are summarized in Table 1. Ve .
At tail-water elevation 5717, the hydraulic jump was swept out of the S
upstream portion of the basin. Complete sweepout occurred at tail-
water elevation 5714, and a considerable 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 tall-water elevation 5723, waves were approximately

6 feet high at the tail-vater gage. The basin, therefore, did not
perform satisfactorily within the expected tail-water ‘range for. the
design flow.

Pressures were mea.sured ‘beneath the jet a.nd. on the center d.ivid.ing va.ll ).
at the piezometers shown in Figures 10 and 11. For 14,500 cfs, pressures S
were considerably below atmospheric at Piezometers 3, 5, 10, 11, and 16.
Pressures at Plezometers 3 and 5 were sufficiently low that cavitation
could occur in the prototype, Teble 2. Piezometers 3 end 5 are located
in the floor of the diversion channel, just downstream from the abrupt
changes in slope. Piezometers 10 and 1l are on the side of the center
dividing wall near the upstream edge.

B &
Plezometers: ‘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; Plezometer 9 is downstream from
Piezometer 5; and Piezometer 16 is on the right wall innnediately down-
stream from the s‘bation at vhich the wa.‘Lls begin to flare.

Basin Scheme No. 2

To help keep the jump in the basin.at low tail-water eleva.tions and’ to
reduce the scour in the discharge channel, dentils were installed on the
811l at the downstream end of horizontal apron and an end sill was placed
at the downstream erd of the sloping apron, Figure 16. To reduce the
splash and to pmtect the upstream end of the ceater dividing well, a

pler 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 Jjet, the intersections were rownded.

to the extent shown by the radii in Figure 16.




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 was swept completely out of the basin. At
tail-water elevation 5714, before the tail water 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 chamnel was reduced considerably from that which
occurred with the preliminary basin. The reduction in scour was due
primarily to the addition of the end sill on the sloping apron. The
s8ill was, therefore, used in all other basin schemes tested (except
Scheme 35 and i1s 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
wves reduced from 22 feet, with no rownding of the intersection, to

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

C R
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Basin Scheme Noéﬁ3_

To improve the performance of the basin still furtber 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 epron were removed.
The floor beneath the jets was replaced; 4 planes instead of 3 were




used to approximate the trajectory curve of the jet. This increased
the number 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. : S , e

The floor modification improved the pressures at Piezometers 3 and 5
sufficiently that they were near atmospheric or sbove for a dischaxge
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, Tsble 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
recommended in Scheme 2 would reduce the scour further. PRI

Pressures on the side of the center wall dt Piezometer 10 were as low

as 2k feet below atmospheric for the design flow, Table 1; L feet lower

then 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 &n effort to prevent complete Jjump
sweepout at tall-water elevation 5712 and to stabilize the hydraulic
Jump in the upstream portion of the basin for tail water as low as
elevation 571%. It was found that if the jump could be held in the
upstream portion of the basin, the subatmospheric pressure was reduced
on the side of the center wall at Piezometer 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 piezometer 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
timbers spaced 12 feet apart were placed transversely on the basin floor
on each side of the center wall to act as intermediate sills;tc reduce =
the bottom velocity. The =ill 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. ' ' o

e
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The water surface in the discharge chennel was: ‘smoothexr than for- any
other modification tested, and the design flow did not: :gweep out of

the upstream portion of the besin 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 5711 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 well was _
reduced from 24 feet to 14 feet of wmter. This scheme was not adopted,
however, becauce it was feared that timbers placed on:the floor might
cause demage to the basin floor by cavitation erosion and by d.e'bris
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 schene. : oy

In Schemé T, the 12~ by l12-inch tinmbers were re;ilaced. by four streanm-

lined baffle piers on the basin floor at the downstream end of the center
wvall. 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 Pilezometer 10, Schemes 8 and 9 were tested, Figures 20C,
21C, and Tsble 2. In Scheme 8, five 12- by 12-inch timbexs op the
app:roa.ch slope were used along with the four streamlined baffles at
the downstream end of the center wall. In Scheme 9, six square-edged
dexrtils were used on the sill at the downstream end of the horizontel
apron instead of the five 12- by 12-inch timbers in the ‘approach. In
both of these schemes the jump moved ~ipstream, and the subatmosxheric
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 objectionable. 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 s in Scheme 10, only the




than for Schemes 5, 6 7, 8, or 9, Figures 20D and 21D, and Teble l,
but overall perfomance wes considered to be sa.tisfactory. However," the
subatmospheric pressure problem on the side of the center wall at
Piezometer 10 remained to be solved.

Recommended Besin for Diversion

The recommended/scheme, Figures 4, 5, 6, T, e.nd 23, is identical to
Scheme 10, except for the shape. of the center wall pier nose, Figure 24.
The pier nose was 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.
with the tail water at or below elevation 571k. For tail waters above
elevation 5714, pressures were sbove 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 & smocth: joint.
vhere the pier nose joins the center wall. The portion of nose above
water 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, whether from ca.v::ba.tion or impact, be:confined
to the nose itself.

Two plezometers were :Lnsta.lled on the concrete pier nose, Piezometers 13
and 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 hydra.ulic perfomance of the recommended design
are recorded in Table 1, and flow conditions are shown in Figures 23,
25, and 26. The magnitude of the moveble bed scour in the recommended
design was much less than in the preliminary design, compare F:l.gure 25
with Figure 15, and wes’ considered to be satisfactory. chevrer, 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 opera.tion was . satisfactory in-all respects. :

Recomnended Ba.sin for Outlet Works

The recommended basin for diversion was tested for use in the outlet
works. Second-stage concrete was added to the diversion chammel as
shown in Figures 4, 5, 6, and 7. The model of the recommended design
is shown in Figure 8. ‘ :




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 tall water at elevation 5711, and (2) 4,680 efs with
21T feet of head at the valves and tall 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 2715, and (2) 2,650 ¢fs at a head
of 278 feet with the taill water at elevation 5711.

The hydraulic design curves given in Hydraulic La'boratory Report

No. Hyd-446 1/ were used to obtain the basin dimensions for each of
the above operating conditions. The curves show that when &4 ,580
cfs is discharged at maximum head with the tail water at elevation
5711, the basin should be 102 feet long by 16.25 feet wide (per
valve) and the horizontal apron should be placed at elevation 5681.
For 4,680 cfs with the tall water at elevation 5715, the basin
length and width should be the same, but the apron should be placed
at elevation 5685. For one valve discharging 2,710 cfs at maximum
head with tail water at elevation 5715, the apron should be 115 feet .
long by 17 feet wide and should be placed at elevation S5680. ' For
one valve discharging 2,650 cfs and tail water at elevation 5711, the
apron should be 111 feet long by 17 feet wide and at elevation 5678.
Each of these basin designs will give optimum performa.nce for the
corresponding design condition.

Obviously, it is impossible to provide the best basin for each of the
above operating conditions; 1t 1s, therefore, necessa.ry t0 compromise
and choose a basin that will perform well for the most usual ~operating
condition and satisfactorily for the others. The most usual cperating
condition was considered to be Condition No. 1l for 2-valve operation.
vhich required a basin 102 feet long, 16.25 feet wide, and apron at
elevation 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 is 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 1limits:and the tall water -~
depth in the basin is not excessive to the extent that it impairs 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 teil water
and the effect of the extra length.

l7ﬁyd-m--"ﬁydre.ulic Design of the Hollow-Jjet Valve Stilling Basin,"
by G. L. Beichley and A. J. Peterka, _
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For 4,580 cfs, the tall 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 hydrsulic performance was =
excellent and the apron was Jjudged to be about kaeet,longer than

necessary. This agreed with the length predicted from the curves of
Hyd-446. 1/ \ » L ,

The outlet works discharging 4,580 cfs 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 tall-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 1s also a design operating
condition, is satisfactory; the performance shown in Figure 301is
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. FPhotographs showing
50 percent of the design flow discharging through the valves 50 percent
open, and through the valves 100 percent open, with tall-water eleva-
tions 5711 and 5723 are given in Figure 33. Of these operating
conditions, maximum head witb minimum tall 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. : o ' S

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 344, the sand movement was slight as indicated
in a l-hour model test with taill 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
the sans to simulate the prototype riprap, Figure 34B. The stones
remeined in place for both 2-valve and l-valve operation.




Te following additional model data are summarized in Table 3. Pressures
at the plezometers installed earlier on the center dividing wall of the
diversion basin, Figures 10 and 11, were all ebove 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 maximm fluctuation was. -
approximately 1 foot and occurred for one valve operating at maximm
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 chammel
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.




(o coe .
‘e .@w o8 ae
Lee ‘00 mene 09
3

]
1]

T g . -
.
3]
aQ
=

3

STl P

whwm .co.cnuaaooom

vz

g
g
0.
. 7

moh Q.mm .co,onuaﬁoowm

1z *ON :

moh m&wm .uocuueaooom.; m._” o ‘o
: S
m 3_38 ous mﬁ.‘
o3 mﬁ
.nanﬁs:o& Eﬁ 2r:

uwh owwm ‘ Oy

LTS ﬁR oowm baﬁsﬁo&

.
..
-
.
.
.
.
-8
.
.
.
.
.
H
. .
3 .
. .
. .
. .
. L.
. ‘e
. .
. (3
. .
» -
. ..
. -
. .
. .
. .
. .
. .
.
.
..
e
.
.
e
.
e
‘e
.
.
-
.
.
.

(W) ?a p.c :ﬁm mﬁw.b. quo _
CHILS G mwbm m..nm JX338M 1 .qn0 ,-mumam. : no,au o 1 3018 .
T3 I338A T3 x938AM t=T¥83 .uom.ammm:m :9391d no.ﬂmw ..nauoﬂ $1Ten PI00TF ¢ 3 -
=T183 J03 ‘=T7e3 JI0J : xOT °ON {qOTYA i ~WOD. .wn.Eo.nm. Jo . ..Hmpnwo 8I8QUTY: pue . T3 . A10303(way:
9883 J2q9A:98e3 J33BAT JI939WO  i3B TI 03 :jo.pud : ipud: 38 :  Jo :gy X mﬁ.mow.mm ..Hoo.n,«. yoroxddy 3
 =TFe3 ¢ -T¥83 :-za1d 1% 1I998BA ..amvm: .p.m TTIS: 1118 uo: u=o 98 : asou .nuwwm. :
3% udtoy 9® nsmﬂon. wmssaxd =778l ¢ TIS G ..mﬁﬂpnwa saT3reg: PoTTeAa :
oABM ‘eaBy i ofxegd 1 i - IR H : U tasguap:
: | lecOEYRGUG: e : : : oy :
T “REVAANS VIVA ISEL TA0ON NOISMEATQ

e
TEGL 00 B0 8000 40 100 . 4000 S0 B0 80 0% .0V 04 B8 NS 98 G0 -85 .80 98 .08 86 iee ;

L.
0 001 00 05 09 00 0000 0400 6000 B 00 4K .00 06 68 8F 88 .66 80 a8
0

TOR S0 { 0000 9. N0 98 00 .00 ST 6P .00 00 00 0. 00 D0 6N @8 ‘06 8sr8e

2 &
@
il

EPTRRTY Py LI L RN T ‘8o o8

ISTTTE:

40 60090 0n 0% 02 G0 .09 00 PP .08 . ST 0000 .00 05 .20 «b .0 .00 46 .40 8¢

e se . 0efes . 0e YT -om.'.c .o 200

o oe LARRLE FTINT) e 00’ 00 00 0w 00 ine b0 (80 .88 .88 .06 05 50 .90 (46 S84 .48 ‘0 65 g -
.

€0 90,00 06145 0099 .80 40 ve 90 90 G0 .0V S 8T SV 40 60 00 60 00 99 9% 08 B8 6s 00

ev . oo ww ew we

T °Tq8L




Table 1l--Continued

: : : : : K :Subatmog-: N
: :Center: : _ : : , ! pheric :  Wave : Wave

: : : ¢ wall : :Baffles:Dentils: : Tail Tail- Pressure:height at theight at

‘ e : .- :Basin: nose : at end :on 8111:S111 at: water' vater: at plez-: tail- tail-
Scheme :Figures: Approach :floor: piece:12 x 12: of : at end: end of: for : el at: ometer :water gage:water gage
: traJectory el : .and :timbers: center: of -sloping- com-: which: No. 10* : for tail-: for tails

: : : floor: ¢ wall ; horiz.: apron : Plete: sweep-:for tail-: water el : water el

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

:filler: : : : : out begins 5714 (f6: (£t) - (£t) .
s :. 3 .3 R R SRS SR S .°ofvater)_ i

5713 20

203 and;Recomended- 5678 Yes : “ No
T 21B % :Scheme:
: .t 1 Fo. 2°

00 00 00 es o8 44

200 and: Recommended 5678 Yes 5 in i

210 e » 3 Scheme. diver-:
: : Fn : No. 2: sion :
L il . ﬁ - ;channel'

5712

000 00 00 00 48 pe. 4,

%808’ 00 se es
€88 ne 00 o 0. 00 e ,

oo os
$O100 00 00  4s 0000 4b 60 0n. a4

AL

:20D and: Recommended° 5678 Yes t No
21D ;. Lot --'Scheme' oot

49: i i Fo. 2«

1
]
“WE: 88 58 804800 06 ee- on-

a.n

2OD and: Recommended' 5678 Yes
21D L ‘ScheM‘,

: e : No. 2:

Recommended: 25 éReéonnhei:ded: "5'6478t3e¢6m:-‘“:‘ Fo
: : : ¢ :mended:
: scheme. o

Y
909096000090 40 40 e vel 4s- 00

0 .68 40: 00 08 . 00. 98 oo
08 90 02090 80 oo et s pe ve
9000 4588 00 06 00 00, es. s .

i Jae es- ee. sa ee 8- 00  00. 40 se:ue 00 o8-

N e

e -
1;.‘@ ¢
oA

*See Figures 10 and 1 for Piezometer 10 1oea.tion.

T

I

S
e,
S

i

O
AT




of water . .- Es

PRESSURES

,500 cfg

(41
:
&

1

'DIVERSION BASIN

- locations.

11 for plezometer
preliminary basin:

Scheme No, 2

See Figure 19 for Scheme o, 3.

Tall-vater:

gures 10 and 11 for piez

e Figure 12 for
See Figure 16 for

arrangement: ‘elevation:’

See F{
Se




ST - ﬁmﬂp ao.nu »bonmmwn oﬁ.ﬂﬁoo Jo omno» 23 U0 _pue

SO 5"33. wo ao.Buom sdﬁpmm# ..w..o p#o u.n now.pow wa.ﬂﬂ”.npm pﬂoﬂ:ﬁap a3 noﬂpgo._.d uop.ma...n.ﬂup ...Bomomnn v
Rt e . ,.oﬂmﬂﬁmoﬁvw aAsoqe sf nn._”m. aoﬁuﬂnoﬁ.c E:J 3 oasmmmﬁm onmu

B * SUCT4BOOT nu»maonm.nm 03 TT Pue o.n nonsm.ﬂh ‘93g
JI0J OT pue ‘6 ¢ il

saees @ e ey

Ot+
€€+
oot
€2+

00T i wAm onm

UBm o_, 66+
3o - Lg+

?33 "mﬂ *ON: 2T .oz..ﬂ .oz.od.. .oz. 3»03 383
owaw I938M-TT83: Z0Td : : 29 88e3 jo moh_.,wp ﬂw
98 WoTjenyonNTy: T938A ¢ .uo u.moh u._” saxmggaxg: uo.na.gm.no. uwmm
uowh.usm J998BM ¢ . I9%WM-TTE8L: i

BEA gﬁﬁa@ﬁqﬁ&ﬁo&aﬁ@og‘

€ otauy

am+

4 .00 “...; (1] »,‘.:;
;&‘ &'§

3093 ﬁxmo uom? ?uov L
ﬂoﬂgo.nm ‘ pamouom.nub.ng omuunou«n

,.Hmu,QPJH

(1] .. e 00 ..r..~C.‘0. L4

.w.ut b - o




FIGURE I~
‘REPORT 'HYD. 457

. VALLECITO RoCH
i;" . DEPOSITS:,

ROCK! WOOD‘
DEROSITS .

Pagosa :
Springs *

bayfield
——

: b . - Boiee
COLORADQ . - 3 : S : : ' \ROCK DEPOSITS:,
u ; e : . /

2 NEW.MEXiCO I
Lo Piota

9.
Q\s

©
h
S

———— D y \ '
- ’ o “SACCESS :
Farmmq?on/ L Y A SRR (included inphis L9
- . 3 P . controc, L
" Bloomfiel . S et : M :

/ construetion”
g ; \ Cyo by others
1 ) ?

_EXPLANATION -~
PAVED . R
:GRAVELED, GRADED -
DIRT; GRADED
UNIMPROVED

" Approx. locotion of rock deposits from. which
: samples.hove been tested for ripraop

U T/AaH

Pafonticallo . A i R =y . R S . o ; g ‘  . Sy : i
,,d". ‘ o | i . . . 2 , 7 o ; S0 s g 4
/ e e ; ' T SCALE: OF. MILES. - R
[rL p ) - . :

. UNITED i STATES
| DEPARTMENT- OF THE . INTERIOR
: + BUREAU, OF RECLAMATION e
“‘coLoraDO RIVER - STORAGE. PROJECT ‘
-SAN_JUAN DIV. NAVAJO, UNIT--COLORADO- -NEW. MEXICO

“NA VAJO ‘DAM
A,LOCATION‘ MAP

KEY MAF'

- .
e - . i] .eenveR, CoLomAaDO,  ammiL 2y, i1986
.~‘,/~'"° - : . -




: SO S e e ‘ DR R R oo o e S e " 'REPORT HYD. 457
--mprap :mcllplle / // \ v e - - ‘ TN T . AT T B - K e o . ) ) : ' ' s

i F Bituminous
L.~ € Crest of dom - - z surfoce frealments

. g
: : : : : . =30 : :
. . Max %S L "Ry SRS ,.-Crest 16108 f ¢
. "Top-conservation storoge 16085+ gisiolsy B A . .‘
. g -v,——-—.-l-—.,—.— . e = o

[ RS : i DETAIL Y-
- Min. operational jevel £1. 59901

f G Service road: ro dam crest

cem sto 949435 ERE AN . o : : i
.,pll.nny Grmoramc . i R o RN
.;2('625'0 LN ; W ; ¢ ;

£650, B , ’ " ’ LE 5800
Or:g/na/ ground surfac;;jﬂ—

BT “Toe foundation s?r/pp/n‘q‘- i

2 K N Tk TIRE;
' : T 5 TR Sip TR SN ' . . o Lo "Foundarlan e‘cavahan- e Cu!off m,,,c,,,__ Assumed rock Z iy
Tunnel ccces~ ‘»aJse e o S : ", N t’\ " . ) \ e Lo . L SN surface Toe foundation’ stripping. ..

; : . ] ! e oy IR e S L B o 0,.,,”; holes of 10'ers. (approx ) v;. 00, - emove soft and " “75° Mox: ireduced proportonally: up the abutments

He! warlrs cam‘rol hau,e : SO T o e (ot ’ g b T NE o L D L e ' wegthered rock . it @ m:n/mum of 3'normal to the ground-suri ace but ot
. : gr b ’ : S less than 14’ megsured /lar/zonra/ly

EMBANKMENT - EXPLANATION. RN MAX’MUM SECTION

Sﬂfecfed c/ay, siit, sond ana‘ gravel to/rpc"h’d by mfnp/ng g . . o . _:3-6 Gresr af dom
rollers #o 6 nch Igyers ! ! : : : i .’__ b el e
<2 Sefecred: scnd, gravel, cosbies” a/n‘ baulde's compacted S R : v 397 i S
: by crowler iype troctors lo 18-inch Iaye ) ' . S 5002 per faaf --Guide. posts @ 25*crs.
= biscelicageus mo tericl- compacted 16 12+ inch -igyers. i ' S S AL, “,K -2"p cg;nbe b
i fate:Sioges of *he cmision hnes bevween zones 0ve L L - (AL LA -Crest withoy!
‘eifa.rve and sudject to var/ﬂnan : : s . . ’ "‘"‘{v ; N ccmber &1 6108

-Downstream toe |

X,
Pty

: il
Tl e k- b by e SO

N
N

ol

L B A B ey iy |
- o | 1 g pueosE T L
iGaune rock R R e e Gonservetion” "t 5990 76, 5 &
S Rpreps - 8 X Tl Inactve . [ sgg2s 1o 5990
A . { Decd v, 572010 568?5
N L Lo ' [Toml sioroge capoclr,' AN
ER T \vq_—*:’;,/ ; *»Foundction-exccaotion o A surcharge of 73,0000 f !Mox;ws, £1.61015) n :
: . “wssumed roez surfoce - : : sombingtion with a spillway- dischorge of 34,000 ¢.f5. and
: B an outle? works discharge of 4,000 ¢ s protects caginst
RIGHT ABUTMENT TOE. TRENCH . - 3 the spring design Hood fﬂéan IO?OOOCfS 30.day

4
,,F..mw(.w
Vo

Cutsff trance -

p
.
\ S >R R e iy GERREL S e St
tor ”ﬁ""*‘*‘.g:r' ; g ' , ;
2o Rerm- o1 59957 ¥ RIS s . ’ Lo : ‘ . . . o : - volume -1,¢37, 760 0. Jy

r;

--Auuhar; aurler worln

-=+Orpinc! ground surfece -
---3 Riorop <

crefe ¥

swiers feppror |

RESERVOIR WATER SURFACE ELEVATION

OPEN DRAIN ' L ame0g Sl .
TYPE IT . . “WI'Ler mscu.nae -mousmns or Cor s

[AX0

I,

OLTLEx WDRKa 0|SGHARGE - VNOUiL'.DJ CF CF.S.

“
by

[
ALLLII“!Y OUTLET WORKS DISCHARGE - HUNOFEDS OFCFS
0 5

oV EﬂSION DISCM»RGE - THOUSA‘(DS f'F C.F.§.

DIAGRAM FOR CAMBER ON GREST OF DAM . o ¢ Sy R AREA “CAPAGITY - D'SCHARGE PURVES

L : : S : : o sma cresr £16085-
u‘rss.‘r'bloﬁ : L . RO R : - Arway

fI'OUf cap-, ) SUNTED STATES

o " N DEPARTMENT OF THE INTERIQR ..

R . E oot S R o i th : P . BUREAU OF RECLAMATION

i rRemove chiffs and ledges--- - ,ﬁ"‘,?’“'«"" : c Lccgss tuwl--~-- A : : P : COLORADO RIVER STORAGE PROJECT

. - - » - " e i . N SAN JUAN DIV.- NAVAJO UNIT-- COLORADD-NEW MEXICO
-Foundation excavation T _ l! e i e :  B ¢ Qutiet "0”‘-'"“" ! NS e NAVAJO DAM k
oaiE T ; ,«l ; ) : BECHE SRR BOSLSTE : GENERAL PLAN AND SECTIONS
e, . . . e ‘

e
ELEVATION

i st ST R . PRSI s il i W ,—_
: AP 1\L "'G""”’ hales at i0"ers, fapproxi e 5 R O € Ausitiary outiet works--
gusrue OIVERSIOH DIKE L P GENERAL PLAN : e e AR T o YT T ST s T T e T TS TATIoNs T
< i AND. MARTINEZ. DiTGH ~ 200 : 200" " 400 . we T - .
: ; . : S orTeeT

e

)ul l




. s\

CGafo structure .
-:Sta, 10+38, '
“N.20,418, 64 B
‘52, 1992, 73,

- QM\ -n: Guardra:l‘
0.; ;

L€ Oullet. tunnel . $.59% ig'W.""

b
4& chaln links,|
' A tonce -

2490 <+~ ewmmd

End.of service L
rood,Sta. 29+13 :
--lelt of oxcavafloﬁ Araa LB

el {Siops’ vories a
o Sra 24'00. k- trom iyl to 2 I}--»( {
X {17 obove E1.3725 ;4

. £1.5725.0. J(
,’ i N T B LY
~Valve house Y | - Py I
-lelr of rlprap""

3 Hlpl'ap onig”. -n
. sand & grovel o
Las dlrecfwd"“‘

A

Akl
'.lezsms‘wl i
e s7is0

e

: ‘;s'a.zwé.fsr :
- E1.5710.0:

E15725.0 *’

21
2 Heusrasf)!

441.) ),Iu

2 (2 ‘;
AR
Y] s

e

e
'

’

e 57:M

v

h30°

e s ‘ ; T
\ L5358 ] \'//3 =
\ et Y AT
< et
i ’ =

€ Aﬁxlllary, outlet tunnel s, 59%18'W.’

- Minimum chonnel <t
width required for. »%

: For/outlet channel
w-lca/ahon See Owg.,-*

Max.’ Res. W.S. £1. 61015

*Normoal W.5 E1.60850-

“ € Intake ﬂrucﬂ)re Sta. 4+55

" Min, oper'g’ W.S. £1,5990.0-y

‘Rock

 Diversion intet plug.

-l 6000.00

| FELS730.00

“Gate stem
. stor k-
’ age_rac
Graund
Toe Surfocs
V4

Z:
L
N
S-1§° or strip

“line-l. ;7.

'Grou' holas 30‘ 'dcep@zo c r s. {siagqared)- :
,5=007344 £1.57286.52:

£

GSplIIway Sta. i0+48. 50

N.20,628.50 -
£.52.856.50 "PLAN
RS P

“SCALE. OF FEET

E Gate shan Sta, :oasso

frase”

- 28t
e a. IO'SO

a

4
. Sla, 21+00 Tunne!
invert. EI 57:8, 50-
. Sta, 20'5

NV

to.e=5ta, VIDOBOV_:- g

~Grnur hoiss 30" deep@fo cr's, Crown only {sragqer-od)---
.--Gafo s'rucfure T ;

o e

30 HJ, VALVE AUXIL'ARY'"OUTL‘!T SAND 36" D‘A. "
BVPASS DISCHARG IN IOO F.S

t LB ¥

72" W9, OUTLET- ols;»{Aﬂda IN 1000 C.F.5.

'J;uy i SEII6!Oll5-l

0. Avxiliory 15

s

rsion 7'o;
TAILWATER ELEVATION

RESERVOIR WATER" SURFACE ELEVATION
L \NG s e -1

A E.cuvd io
R ‘ Chd"""
To ,pq“" l
1 | l

DIVEHSION-DISCNARGE IN lOOO"F.‘S;
J.r

1?'"0

[
rm:.wzn'sa msannr.t N .03% C.F.S.

D!SCHARGE AND TAILWATER CURVES‘

[ o .

o € Walkway :uppuﬂ
A “’4,» @ 40™-1"crs
’ | : & Tunnel

'>1'2'.""

.---Walkvway g

* along outline af %,
support recesses’ :

,-Vu/ve house
o2 72 Ring follcwer qa'es

ELST28.5ewn i

_j.Sta..':}M-«j--w ’

a0

-9" aia"zw:a.'

‘,r‘- One row reinfor
B i neach Iace

. 5726.04 Inverf a ’ ‘
’ PROFILE OUTLET& WORKS

L6 8-0" Tunnel For secrmns
T w"et qafa g sea 'Dwy 7=
A e w e "Drainage holes ;o"deepzo"c rsee

1o ONE POW u sl
“>reinforcement each

face .
Mamfold block'

i s

. Sta. y+64

5III Et.5775.00"
One row;rarnforcemanh

.. each  face ~sm 3+78
e R

“Vent ‘holus ot highast
breoks in excavation-

= inside lnco 2

pe or-.drilled holes .in funhel arch’
for. placing mnriar. or grout by qrouﬂng
mefhod. Iar:ahon as dvrec'ad ceceal

rwf‘- -‘m!:: N sfar,yer
odjacent rings as shown,

==-Sfa, 11442 £1.5769.02
tad . RPN B AE

: { v
"PROFILE ;AUXILI/’RY OUTLET WOAKS

“Pipe or drilled_holes ‘in furnei-orch for-
- placing mortar or:grout by grouting
mathod , location - as- directed.

" G 9486, T
. EL5762.02]"

E, kpbn;ion device

",:' s, HALF -SECTION

STRUCTURAL ‘sreel s RiBS, _‘.,
- W TH AGGIN .
gecTions WML ~,,G ¢

+ROOF SUPPORT BOLTS

.
or
[

i

0
o

'EI 5678 00
x-a 72 Hollow jef vaives

: Paint exposediholf
L with plastic ccmpuund.
.
’Graval or rock fraqmen's
fo: be, qroufed after:
placmq concrﬂe Iunnel
Immg I .

lnot shown--**

r--«a'-s_-,-
{*Anchor. botts and “metol wark e
not shown.: ~SEC. iC~C
SECTION "\B-8 " . 5. "
.:upporrs to'be constructed “after ;
complalion of diversion Mrouqh
189" dia. funnal .

O
WALKWAY SUPPORT

o iFar qeneml nafes see dqu 40-D~5531.8 40- D 5586
Spacing - of "transverse consrruchon jmnrs /n runnel linings
'shall -not .exceed 30" !
Metal: waterstops - shall be .
joints in- tunnel  linings.* . g
Where d:racred. apply - sprayed or. concrcte prorechve
B :oar:nq to trashly -exposed surfoces
*1f rack:in .channel -is suitabte, excavation shall be cempleted -
to the' channel profile olmmng riprep .ond - bedding i
as directed by the con'rachng officer

REFERENCE DRAWINGS

- OUTLET . WORKS -

laced n all rransvarse cansfrucrm

7/1-0 /51 ro 154 ;m:l.. 7II-D 44
71-D-45

Y CONTROL HOUSE. ..
vaLve HOUSE ET" 1 'AND
.. STILLING : BA.
. ACCESS TUNNEL "AND AUX.OUTLET TUNN
AUXILIAHY OYTLET WORKS - INTAKE STRUCTURE.
"GATE . CHAMBER
IIG DD STEEL - FIPE

_SPILLWAY < FLAN AND SECTIONS.
10=15- aufl.ET lYILLlIId AN REWIED
o .

ia=-29<
-8
5—23-58
e
£ UNITED srarn
; nsunrusnr OF THE . INTERIGR

i Zl=D-38

SPILL"Y lilf“[ CRANREL “\7329

IA'CAV"M ‘RE‘ .I ﬂtVIll'J. CMQZC”OII U‘Dl

74
Faca o! funnel"
3 'Y

-Spaca bc!wun conhnuous liner
‘.- plates or Iaqalnq and: the "7
: - excavated :surface: shall be solidly
. packed .with clean rock: fragments -
“.or gravel .and: filled -with -mortar:
.or grout : by grouting methods R
.after placing concrete tunnel lining,----~

Llner plales\

I

-METAL.: WATERST OP

i  BUREAU'OF RECLAMATION i j il
: " COLORADO ‘RIVER . STORAGE - PROJECT
SAN JUAN DIV~ NAVAJO UNIT--COLORADO-NEW MEXICO

NAVAUO DAM: ./

.OUTLET.WORKS '
PLAN PROFILE AND ,SECTIONS

"Mctal Warersfop

AHD REVISED :

'GROUT. MOLES CORRECTED

f'c»z,u...

- DENVER,  COLORADO, MAY 1,198




For details df' gravel stop, floshing
and drip-see’ Dwg. 400~ 4.!03- :

4 P/y bituminous

with grfgﬂ% /.‘,

Sraznzzs.! W

e ] \'ﬂ'{-—-‘

,..,3. y. €noon p/pe

"‘f{?/’.’
:::;

\

_fiﬂ';

Tunnel access hause-

~-----'I Or. os' directed -

- Limits of specially -
compacted zone 2. .
where pipe-is resting
on fill adjacent to

SECTION PP - spiliway wall

L7V S D E
| SCALE OF FEET.

Tunnel  access house
v B

RS ETr b

9" .- Alr compressor -
pe ,.--£l573758
sE1L5735. 00---

¥

3

A
0

=y,
e

-]

0
o
S b

STy

™~

I

1

\‘
A b

! " n i :
\2'/ P e i "\'.1,.-5&1 z/o.w 53 :
o

=a<_—<5—% T

ro
. +===18"Steel p/pe d?am---x/
AN

Pt T T _?._

== € Concrete encased
. Jo“t‘n‘pipe--.. .

\
e Unencased secffan
'&’ ‘—1 - B .
\ N loT g
AN N \
#Limits of ‘ ) \

"specml/y campacred
.-2one 2 in trench

“For details. of gravel
- stop, flashing ond dnp
.see qu 40-D-4303

<-4 Ply.bituminous
= built’ up roofing
mrh qravel surface

W 4-;"""“""‘

/a Air.

T

o
Sy
ﬁ-‘~$
_V_

Retess for handra//

posfs see detoil « ="

T~
=\
-_-_‘.‘\—_.:_

T : R
1e=30" H J- volve "
o canrra/ house

1

iy gyt

PLaN ]
S o as | Spiliway wall -8

(- Sta, ar o,

"51573750

& ‘ gy '*,'4

1.

LTS

nnel

[8-9" Dia tu

N,
R

; ssc;r'om A-p

; --Trolley beam {For embedded anchor 201)5 see,Dwg 7/1-0-277 i

‘ Ad/usfab/e Iouve'r.:'

- Metal c‘ov’er.and‘ -
embedded frame

" 30"R.F Gote -
~EL5731.25"

—'Jka"“l-t./‘ Va/:re :
; i Uftsm.sr

~-Hod .

rame nat. showri-
§°s 15 d/usfab/ Iauvert

€720 pipes

ELITI7.00- -

<9

i ' -€ Outlet
T / worl:s

~inlet: p}pe-(‘- see-Dwg.40-0-4315

5 ;—‘I"Deeb recess for,-
'\a wal/s and slab

2"lce prevenﬂm o

’l ,‘E Ouflef wafl«s
a/r headers : ;

" Ventilation

i exhoust /auvers.

s ST 6»---->-, .," ‘Adjustable "'
3.~ louver---- {[7-

:-zg"

¢ Tumef------
26‘" Venh/ahon
i duct ==

51574050 eagiia

“1~Adjustable louver

. Venf//aﬂan /nfa/re .
'SECTION '8-8

1-9726"To € of '
R p/llway

Bah‘er.. ’ i?eeess-
67 Crushed rock'-

.- --51572800 from
Sta.21+00 to Sta.
21414 lef+ side

0" Door,
B
Eay Saeky B

;Type 8" rubber’ )

r

-E1.5728.00 from Sta.:
21400 to.Sta. 2¢ *32
right “side only:---" "
1.5720.00

7

3

5 7/5 00

~-<1g Sreel pipe: dram
SE c TION G C:

_]3-&57221. 00

TEEOET
Bl

‘RE CESS FOR
HANDRAIL POST

/AII' mler /auver :

.Con:refe ourlme of

Il
:
\,

each way---"

EL5737.00% . / 1Woll to be rembved bror
BE \ Plpe installation. N

FIGURE 4 - -
REPORT HYD. 457

ERTIOR

>

/
2 m&z £/ 5731, 5o~---~

<

i:-Tunnel “portal -

W stazrers

9"

v
P T

"~

~Ei; 5735. 00-

g
E15740.50-..

B ek T

T
S5t0.214 00"

17
L

=742,

-i-tu 3 J-J»‘x‘-h-
- bed 6" Openmq o be left in : .
. wall for 307 L 0. pipe insta,! lation, !

invert. £l of opening 5725.00. .’

Provide temporory bulkhead .,

’dur/nq dlverslan womem e

;. Type ‘8" rubber wafersrap
" aiEL5740.50

'"II s-->~' recess
g4

"Deep

Keys @ 10-0"crs.

WS | SRS

. D
e P
, ool W
 $an 21%00..; "E 189" Dic. rgnnel ‘-..'f 1 o\

g £L5718.50--~ P R |

Ryl et COl w 1 . ;-

L TR A Y i a-od
[ :---5---40'-0'--—zf—~--‘4, e -~---->o< .;?—-:-’«- eoeene2g

e

-5 o,—

see Derarl Z-

1 T
o Hebe Al IR
PLAN OF. DIVERSION GHANNEL Syl
, B =
'Canfracrian /a/rfs‘ e 4

.o ype B rubber warersfaps

s

1573750

b
| Wall to be removed '
\for pipe msfal/afmn

\"EI 57, )
2 -S 2I+63 .
; f<-/z" ‘

EH Ha:‘"'f'f -

‘12" Beyond
“limits of 2nd -
=" stage cona‘efe

¥ Anchor bars
@507 ers

"' -embedded frame-..

. 487, Chain’ link fence,
. 5 ‘\ 2

-

-" Hatter -~
4 eI AR

4

- - e

*i Anchor bars @ 5*0"¢ers, NS -

; each way embedded g'into rock >

R 20" Vertical curve- - - .4
~SECTION  M-M

..;»c_" (SRR ..

“Apply protective :aar/nq -_ T,

. on freshly excavoted : T~ ]
surfaces where directed -3zveem-a"""" o

: \\ [ 5700 72---*-"'"

_.—-'Pervious backfill

5 -EI57IE50

,_-.-,...;..-.;.

!"/udnclmrbar'sa).sacrs>1> i
SECTION N N

e

r__.__..../__‘_'_._._‘___‘

R

o

: “Stop log slots .

i Cans!rucflm /omr 4

£l 5720.25

Splllway m:ll/ ~;

PR

3

Outlet. works’

: i
[ stazzeoozs-7 |Ine”

~,
P U

|| = Contraction join

g .

“ L ™Stitling Bosin

:’7

"43‘ Chain link fence--=-~
510.22+00, 73—

N £15726.50-,
¥y £ 2 o‘i{

- P

3% k..gt/f.“‘..;j.
10-0"¢is.tE e ser] o

1+ 200" Verticol
curvesa.

A Botter

SEC P-P

NOTE'

. For_general notes see Dwgs 40-D-5530 ond 5586

: - {REFERENCE - DRAWINGS -
OUTLET wam-g‘#' PR%ILE AND sscr/aws -

SPILLWAY -STA.20+896:T0 STA 23*26 50
LET WOHKS OUTLET: P, E

CONTROL HOUSE U-BOLTS REMOVED, TROLLEY BEAM AooLo.
STA, 21+27. CORRECTED TO STA. 21432

o, 30" HJ Valve

HINOR GORHECTIOHS MD GHANBES

\?

\ Conf_rﬂcfian

3

m
—~
»

NAIllfDI.D lLﬂGK CHANGED

not -shown:,
© £1,5728.00°""y"

b

7

S .
TROLLEY, DEAM BRACKETS ADDEOD.

Sl
MISC. ASDED .

o q[L572I25 N

N R
: E/.57'19.2‘4.'v' A

UNITED -STATES

DEPARTMENT-OF THE INYERION
. BUREAU OF REGLAMATION

COLORADD RIVER STORAGE.PROJECT .

SAN JUAN_ DIX-NAVAJO UNIT- GOLORADO-NEW. usx:co
NAVAJO. DAM. ..

< QUTLET WORKS

DIVERSION CHANNE

TUNNEL ACCESS HOUSE- 3

secr:o:v 1.- o

PENVER,COLORADO

Mmay 1, IS“

-MANIFOLD BLOCK~
HJ, VALVE CONTROL HOUSE.

. =
-EE-L’:.‘.’IS---.susmrrtb W_ - v




19 rieure s
i {REPORT HYD. 457
T : i
;

AN VLY LR

Wetit , | -

Fr,‘ LT Mefal Iodderu.‘;“;

s

eees2e-0t 4" » oens
S - [ 0ufle:r /.‘ £kl 575138

\‘E
L=

- For embedded trolley

- beom anchor bolts
see 71-D-286 ----

-

S 25

)
soil2e

SURASY

Tl

4’ <“‘-‘.- ;:5
vy
i

9

2
&

""Me

]

" Steel rolling
door ~,

;

| IS

=

e —————

i
i

749" : - - : S DO ‘Y ‘ .
¢ Supparfs{ . o P G : A \ ‘9
4 . . . i y -~

L

\-E1.5740.00

PR SR
-
J

L 08

N e

» ; ~E1.57375
T IR I - BA [ »6Crushed rock
; P el Lt N e ; : zfxnémmn:ﬂgvzzﬁ
ferme 83" 16 § i S ; b 1
/ ' | e TS50 ' Embedded frame --- ’ L 4
LSkl 573150
4

<--6

L
=

s
1

not shown

th

—————

. 781.2'!—-

£1,5728.50 --

a—!

o<-~El 575156--->

, AR | St 220073
g gontraction joint:- - - / 157 4

] G ’ ......710."...._,1.‘ ...... 7.0‘3.._.'.1/'.(.'. 1y -gs . e i A E | . ) s
AL e - G5 ‘ 2 | {opening to be
Flan ST v ‘ —e - "/ = Z L closed off
- ; . RSN S t g o 5 uring -~
00 S e T PERIEE diversion---1~"== 7
' ‘ b S i Lo v S S ; s : S : . Lonstriction”joint
7 : DA - ; ‘, Fid SECTIONAL PLAN B-8B B Sl St fog Siot s . , il

[ S .

/' ;
, / ) : E,.f-‘Cmecfion Jjoint' Sta. 21+63

‘ B o ‘v 1 N ; . . :v ) . .-4" :

] £ . R : ‘ e 5 o Emhedded frame-., voro! e ~ 90 cLs00
. ' ‘ : : ' ' ~ R ~Melal- cover - .571,00-,
'r<10 . o et outlet i : e g : 1573150, o i 0

L } : L
6'>-v< e bt EE G ‘ : S e ‘ 7
: : : :|' _~Varies v Py ’ ‘
'?\5/.5735.00 B T B T ‘ i, g6 ershed rock:
: A | EL5731.50-, : A S ‘ o - —n
: v ‘6" crushed rock--- i i -+Top to be covered ) v SEGTION 6-6

Ll g r o - ] ; 7 1.7 during . diversion : : - :

20-8*

L
!
I
|
1
|
1

|
]
i
Meta! Isdder. }'
l

Pipe herdrail

~ v din .. : f ‘ e N on. Jo VABEE L o v‘_";'fl 5725 50 N Embedded fra we | v V 4 . »
- Lol . - * Y L me - : . i

4= Gontrof & """fx : e o : O ROk ~Perviops -} . Aital : v ~ “SECTION c-C
: 5 baclrf:ll . £).5731.50-., i Metal covers-.

£ Outlet #2

.

6
0" Steel doors..

__12'0"116%0 Steel

: "SECTION H-H . . : .
Al g : . B T e SRS SN i . . . . R PPy VALVE SUPPORTS REVISED, NGTES ADDED, MINOR -
¢ - \ N T A 4 2t "ol s I ‘ 0 & CHANGES TO WOUSE STRUCTURE :
7 ~Valve and metal A } : & K : i ) : : ' : /1-, S8 | NANIFOLD BLOCK AN NOIST ANCNORS REVISED .
* - cover not shawn}‘ e . pervious A g smoo RS 5 G . : o : r ) NOUST Acirohs REYISED
back fiil = Bl ER & R Lol ! N o S—23~88 | MAMFOLD BLOCK GHANGED
; ; ; ) BE . . ' . . NOTES ' O 2= UNITED . STATES
: p ! : : :For general. concrate. autline fotes see 40-p-5530. R . DEPARTMENT OF . THE INTERIOR

penings SRR K/ : } _ : ! ’ . P : : For general reinforcement: noies - see. 40-0D-~5586. . : v QUREAU OF .RECLAMATION
S el "o D e it . 841+ Dl : , L ‘ L . : R ; ) 'COLORADO RIVER -STORAGE PROJECT

0N o - - . - B E . : : ! i . : i~ . o B i \. . A SAN JUAN DIV-NAVAJO UNIr'-COLORADO-NEWMEXICO
/o'.g!;..-.:'a‘,.., o Ol ; o . : S ) . ML ) S - ;

3 - < ;

; : ‘ Sernri ‘ ‘ ; g e : 1 " .NAVAJO  DAM
., ‘_.. i . : - z . s i ) : '
T /%%rfma?d.(%ffaﬁrso’;mfo;{fgre . 7 SEGTION :D-D “ ‘ ‘ : : {OUTLET - WORKS

: details, see 40:>°38%0_ , L ‘ ' - o REFERENGE . DRAWINGS ‘ VALVE HOUSE ’
p - - e S . . ; : OUTLET WORKS -PLAN, PROFILE AND SECTIONS

-1

3077

imlling door ..

AN :;Ie'.o'!.-._ ._.'-7,. o

Mecmrcamnmmnaemans

¥
|

| P,
H

. . OUTLET WORKS 'STILLING BASIN. o aeue e e~
3 SRR R s 0 , S GONGRETE. OPENINGS FOR WINDOWS GND DOORS ... A0-D~3850 onavN... £.8 SvBMITTEO. . é’
" SECTIONAL PLAN f A=A i : W : EMBEDOED HANDLING ANCHORS AND PIPE SLEEVES....71-D~ THACEO. .. L2 ---nucuuurf =

. . ) . 3 . 72-INCH RING FOLLOWER GATE .AND 72-INCH ary
H 5 . . ! ‘,
!

HOLLOW JET VALVE ~ INSTALLATION esivmsnccn. - TH=D-290
- R - A O&NvER, COLORADO,  Armi g2,1988

oadd nTET i 'OF




FIGURE 6
- REPORT HYD. 457

et LT T LTS PP

R e 105 10" == 118"+ 6% 5= 15" it ACCRERS

e~
'
1
.
.
(8
‘
i
‘
i
1
'

4
--1

¥
o

: F
....../0' 2"‘.-....

¢4 Ply built-up roofing
with gravel surfacing, -

SO |
Sy
o
z

o

]

'
¢
1
1
v
]
1]
4
i
'

-agre

Roof drains:

. . H ERE
T A /«' = s Fien=--For details see 40-0-4303,

0/

£1.5754,50- " 12 T '} --For embedded troliey
X beam anchor.bars see: Dwg. 7i1-D-286

FORRRRIN S )

B
POSTRARTS 3

T
~
]
)

-
-

. Ix
SSSNAN
SN

afe-et o
Oil tank., .

#
9 xﬁ-i

‘.-~ Roof drain '

Sto. 2147173+~

Ex
, . ;
,~\_~)4,>~\- RGN

Bolts for alignment . S P p . ' ° anh@ onchars <
anchorage to be setin 4. : ’ L . _ : : Pl
manifold concrete--.. . .~ . Jef o g 2 . : £1.5740.00--, . 51.5740.05‘ K

£1.5737.5, ">

LY SO

v

¥

-

6=

.-Embedded pipe sieeves’ S eS| |\ ~EL5731,50
for cw;tral piping | % “

g -6"Crushed rock - -
Embedd; . ? . ‘ L
,ﬂd—fmml?—,r EL5731.50 E1 5731.50-++,

/ J 1 : ; 3 Ve, - TR _ RS TTS
Metal cbver not shown G €1 5728.50 ' - it oA A A gL 5728.50 g 2 : s .Gonsfr'ucﬁan “Joint

o onnae (EREY7- Ly LI
ROt an 1 < e T %) 75
--+-€ Valve ¥ : L :
- . .
" support ‘° e
Sh2r+s709 || 4% :

6"Crushed rock
Pervious- backFill---- . -1,

=T

NIRRT

l

3 )

N o,
7 IR 1 SN

E1.5726.86 -

10"

Construction joipt- - 2
E1.5720.00-~3545

e L “-Pervious Sl

/vaive ¢ bockfil, . 7 P37 i 3 k
L : : it S, s - Botter IR

™-Sta-22+00.73 ’ o ; e 7 e i - : =t

- - =g

N

[y
1

Pervious bockfilt””

T
e
“h
4

:

by
“Contraction It R Assumed
15700 S rock -line-,

EL 5704.25
A

~I18" Steel pipe
drain.

, R NOTES - :
SECTION F-F For notes and reference drowings see. 711-D-47,

g : . } ; : . ’ : e /4950 VALVE  SUPPONTS REVISED.MINOR BUILOING CHANOES
S ) : ‘ ‘ : o o . 5 ;
SECTION (E-E : ) SR ) ; ; : D”-Ié-” HOIST  ANCHORS REVISED

3-23-38 NANIFOLO BLOCK CNANGED. ANCNORS AND OIL TN 4D0ED
0 3

UNITED  STATES
H / i N CEPARTMENT OF THE INTERIOR
? : / - : BUREAU OF RECLAMATION
s s 5 / e ) © COLORADO RIVER :STORAGE PROJECT
T S s y R SAN JUAN OIV.= NAVAJO UNiT+-COLORADO-NEW MEX ICO
..SCALE OF FEET 7 . K

NAVAJO DAM
‘ OUTLET WORKS =~
TYPICAL ‘REINFORCEMENT DETAILS 3 ' YALVE HOUSE

omawn. . OB _ lunmrrlo (M- cnwaa
TAACEDws -G B o o . L AECOMMEN XM_ —————-

3
CHECKED.. -“P,OVID”e.“.’ g‘.’ﬁ‘“".c.}"_ . - e .-

o&NYER, og::::io&’ APRIL a8, 1908 i 7TH-D~48

GIRDER COLUMN PILASTERS




{
‘ |
i FIGURE 7
P REPORT HYD 457
o
'f ,—40 "Chain link fance
5 /2ﬂ-i e e T s P -/zs'l ;
wele < . i L aFiggee lope &
< S/ope;}-\ I & varies= 0 R vﬂf.E"
........ . ;E1L 5728.00 1/ Rty ¥
* 9 4 Dio. 10" deep
EG 0urler works- :fance post recess”
B Pipe K
i . N o 572400 . F:?_ Concrete . .. _ i
s |‘......-.-2/ 3" . 24 P . 12=24irar Vo ~~§" Batter
' ... 6. Droins with .| S anak - S ¢ ;
b e e— it “~=Parvious £L vories
' H R iafC? g
. v backfilk-. _-.ll. -Metal seal; seg
A T === . I ! N ARl |-/o- Detail X
i : i PRSI PR w fr - 10 mmtrn ] B B N
D : ; BB Tk . ] o R ao : _EE1.5704.00
- oy - | : i RN o e e el e 27%0% === B ettt 27-0% -~ b0 i B :
R RR | - 1| open joints 3. : PP g 0o
o S B 1 2 g . deo o i Pl 0 1§ Batter...._ e0. way and grout -
Nt V¥R 88" Double faasv-—’ 4 Yo 6" Dotle . S Pl Laoras X Mstal seql, see Jbars in place -
AT N - o i A oSyt 25-0 g AT ' g Orains with & | [ 1ees Ry b 8 | R d/recfed"‘ Detail’ X-= after diversion
¢ ;'79 Droin: outlats. .\ 1)6:5 Double fgesk\ o, 0PON me\ S - .%.. T % : | A A ? \
Ly -RR I Vi o e I § € Qutigt works .- Al ey 6" Steel. air.
F r> —————————rs 3 L + + e } - i ipe--
. ? ! [ D 0 T — T, €8 roin 1} |} 1‘{;5 S ) = inlet pipe
> 4 NG el SN 8 Drains with ..\ wiForeTT o oullels . fol e L Je ] A
1% LR "Steel . .} ! R : . I | =) VoL ) 6+0=> e ! i
o ! d 'y ; open joints \ : s n T S 1 i
W AL' i ,,g.___ﬂ.ﬂ._‘ ¢ droin .7} | 4 : i S o ML AT \ | R
PRY TS A g : J ? T W A
v e . o Ll 6" Droins with 40 A o] LS O A - i
[ s 1 B e Bl et it A R b B e s S EEEEE ERRERE IR R p=s PN b
] L N Il s I » N n 3 | N i . ¥ a:ﬁ;c H N 1 J |
i N ‘ % 4 A .6 Stopper }t open Joinfs. . e /5 -""PPB’S‘"-JZ’FJ Lo el ; o Vories--=="" 1 % e v Ny3 Concrete fm:sh:
R i e i T s 125 = m m =370 T sz i Varies~
: , ce T ¥ A : .. ®ii Anchor bors-J .~ ~~8"Drain outlet
: . L : :, : A [ : I ' F-Metol seal joints SECGTICN B-B
' - i — 1 .
! ~bA8* Chain link fence *-8" Stopper R N £1.5678.00 -] T ~b o y AR It S O ‘ . v ~ :
¥ “+ , 4 E1.5678.00 - [EL 5661 .00 L e - Final position-.. to be brozed : RN,
% ‘ { - e . DR 20%G"—m s it 3-0 R:Iplr,agdqver 18
! o % = o [ gravel bedding -
t 510, 24406,20--», "}Zﬁ“c{,’f‘,’,ﬁgﬂ, e . Symgvef;:gal‘ ! £, varigs -, -t} /
.J | . e ; - o “about € - =~~> ]
! . ) . . D e —— - —————————— 50-0 . - . B
<8 PLAN | 510, 234 56.20--—--r o DETAIL X _ 2 Botter--
i s ) : : o : . :
! ap ot 2 ' !
H .~ SCALE OF FEET E H
! : !
[} -~ . i el g H
bgoamnnmasa 45453 ——— " - -.--.....55' g'.- b : ;
fmme immime mm e mnn ‘: e ! ; o i 5 T ~El. varies drrecfed
! : - { . ) Fi
'-<-----5m 22+00.73 : : ¢ /3 xle P/ank temp _afy g ‘X . Vanes"‘-. P%%Z‘;s”
b 1L 0% o v 5”,50 ; : S protection dunng, 5 0 A -y DOocKlh
i T g ! : - - diversion : ‘ .1!'
' = L o backfill €1 5725.0 , b i-EL 5678.00- 3
S L S gaenEL5726.00 o £ leen : y
‘ L R ) N e ot L
e =oElL 5724.75 B LS S ~ & Drain outlet” de T il nf o | gt
: ,ﬂ: 20" . L TSae ' -Metolsedl  SEGTION E-E : f Varies B £
e : o ks . ? : - 8" : ) i "S- Anchor bars-----e-
PR, ¢Matal seal in I S CELSTIS00+. ¢ : A ‘ - 8" Stopper-~-2 # “ Il Anchor b _
watal ff;{_{e_e_.-., 6403 4 sidewall only. -}i{ 2" FELST ’50‘? o o Surface of riprop-+=-*" Nl 8°Y Branch—. | fDowes @2 SECTION €-C ; z
e NS t N & Droin with .. “Contraction joint S
EL5704,25-~ < _ : S open Joints---=" T--8" Single tee : : RGeS oy
. ,~Normal to E1.5704.00 " sl . '/u},.\\ S, L.g".300 0,,1» curve - ) o NOTE
PLELSTOL25~, gl iy . concrefe surface lg awmg_ e ncion 4‘ ’ T B:J/tgr 20 ou f—f 5875363 oof , N <,v ‘sEcT oN b-D ‘ .- For general concrete outline nofgs, see Dwg. 40-D-5530..
4 " = .—“— S e e e s s g et e ] e s e e e Y e R T e e e = S e —t RN .\\ :
El. 5700. 2' - 5 4 : . (X ; SR <o i - Sta. 2‘“0620--» ; i - . R : ;
‘u,, Y ! R N ) i‘ e \ Jmpmp over. IB gravel£ riqu, .
4-0' < r==-Dril holus@ 540%crs, - : e : T e i S~ : > 640" e - : SR e
e Dowels@lz' w4 > . €a.wy and grout parsm :%'—'Ila?"sreel pipe diain . - S _ RN & Rt L ( ~~1 \\\\ e sDe:gnglile D* 435, Imchor bolfs - “ si?féfn’;:g'i%” oo : REFERENGE DRAWINGS S
PlLof 20'vert. loce ofter diversion L= 0s Concrete. finish T ; : o o Y BN S /z Bofrer on Sl N i I oI %LEE; zg:g_cuu Pnaru.e AND SEGTIONS e ol=D =43 : ;
< g R El, 5661.00-- ¢ oufsid face . STl g + € Outlat works QUILET WORKS-DIVERSION GHANEL: NARFEL “pman. g8
T S u —B"Druln outlet E ,.-8" DfUIn outlets with R L, of wall-==, £1.5686.33°~ : . ; ‘ TUNNEL ACCESS AND GONTROL -HOUSE._ - ___.. 711D =46
Sy H . . E : Py calked joints . 8 Dowels @IZ- : " Varies from 2" ot --<-==3"Plonks temporar; 10-10-38 | DENTATES. ANO ENO SILL ADDED. NINOM GORRECTIONS
J5 6T "66 .%e,’g,’,‘gf ngj‘;,o” etail X Al : ‘ aaly ‘ ELSTI500:40 21° LN protection. dunrgy | o Fent | : ‘ :
. e 50” g o YA e R . " of EL.5697.50-" i diversion, . [ 8-18788 | CENTER WALL PIER NOSE CHANSED
HH-FF : IR e ‘ S 1 --2h6" V. F— e e L :
i A }E: ;. ghoimt 2-6 ’ SEGT/ON F- F . s-n’-‘;y S| sTrme easim cowanzo
: ol B p- YLE. r .
l" Clqu@,)ars‘bgrf;rlg - 20 L B ;  UNITED -STATES
o : i DEPARTMENT OF THE INTERIGR '
L TGRS, T P e N e e e el L embedded &' - of pier, S BUREAUOF RECLAMATION @'
8" Drain ith R Bt P into rock. L orm 4-1° ot £1.5678.00 fo L., COLORADO:RIVER .STORAGE PROJECT . [ . :
; . open Joints " Wef.l‘l’fﬁs_ ________ ,{ ‘ v L - Re6%-- 1569750 | san Juaw Div. ~navaso UNIT-cOLORADO-NEW usx:co RV
o . L L . - = ity SO LT g . £ Outlet. S - ‘NAVAJO = R
;™6 Drain with , See: Sec. D 0% R / eSS Defall ) e “#11 Anchor bars @5-0" crs. T Crushed rock r d £ Qutiet work 3 -Radi R OUTL‘.‘ET WODRA g’ : o :
cgnfmuous fean . " open Joints \,,” Anchor.bars @ 50" o Dy C eq..way embedded .- rushed rock V.. £ Distonce varies ~1--Radius varies from 12-6" of £1.5697.50 : - K .
- concrete pad-- AN 60. way embedded &' into rock-—=F ./ , v 8 into rock—-—"""""""" o gravel- Gont y from 4-75" of fo 190" at £1. 567,00 STILLING BASIN
b ’ . b - B
" P g “6"or 8" Drain 2 ontinvous lean - g, 5697.50 io 6-95 - e .
DETAIL Z ~Apply protective cauhng on freshly § f- . . ‘,”,-,,,3,,,’,’,,,‘," Joints-" concrete pad . gt EL9557, 00~ smnee” " sE C:l' ION G-G - 0"“'"--595"'“—‘--’!'"‘”’""-;Y-fé‘-@-’*f-’-—-—--
. excavated surfaces hhere directed-7""{- .SEGTION . A-A ’ . . : ! ’ . A L % - COL 2t e’
- . i . ! ' 2t : ' : DETAIL'Y . v ! cnmnzo_ffé{..-_--nmvso-___ku mi___‘,_” i
, ::‘ o . t ; ~J£‘Zﬂ7-” ] ANGHOR 8AR DINENSION ADDED .. N oemver, cotonao ey 1808 - 2_49

Jord . S I ' ~ ) . i E . .
‘f‘ % «’g é,[ AL, : ’ ’
s ’ i 2 : o4l . ‘ . .

b' . 1 |

-t




NAVAJO DAM
1:24 Scale Model Used to Develop
Diversion and Permanent Outlet Works
Stilling Basins




Figure 9
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“Sireamlined.. .

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 11
‘Report HYD 457

A Diversion Channel
Looking Upstream

‘D Two 'dryains and pier nose
-at upstream end of basin
"-dividing wall.

”

Numbers and circled pbi.nts designate.piezometer locations.

NAVAJO DAM
Diversion Model Piezometer Locations
1:24 SCALE MODEL
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‘Figurei13 =
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Tailwater Elevation 5723

24 Scale Model
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After one hour model erosion test
14, 500:CFS - Tailwater elevation
5718.5

NAVAJO DAM
Preliminary Diversion Basin ~ Scour Test
1:24 Scale Model
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Figure 17
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!

D Tailwater Elevation 5723

~

.. NAVAJO DAM
Diversiou Stilling Basin Scheme #2 - 14, 500 CFS
1:24 Scale Model
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‘Figure 20
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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.

Scheme #7

Four streamlined:baffles
at downstream end of
center wall and plus end
8ill in A above. f

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.

Scheme #10

Square edged dentated gill
at downstream end of
horizontal apron and an
end sill as in:A above.

E. Sameas D except
without end sill,

Note: k'Apz"'on,elevation 5678; ‘tbailwater elevation 5714,
‘Center wall pier nose and slot filler are in place,

‘ NAVAJO DAM
‘Modified Diversion Basin Designs--14, 500 CFS
C 1:24:Scale Model




Figure 21
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A. Scheme #6 L
Same as C in Fig, 20
except without stream-
lined baffles.

B. ‘Scheme #7 :
Same as B in Fig. 20

Scheme #8
Same-as C in Figure 20

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

E. Same as E in Figure 20

Note: 'Cailwater is at elevation
‘ ‘B714. ‘ ‘ :

- NAVAJO DAM
‘Modified Diversion.Basin Designs~-14,500 CFS in. Discharge Channel
‘1:24 Scale Model ‘ T
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Addmindby type  streamlined
B baffle pier as detailed in
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-40 - , L
5714 ‘ g 20
: B ' ~TAILWATER 'ELEVATION ‘ S
See Figure:g and Table II' for description of Scheme .s. ‘Designates Piezo-
‘meters. -Piezometers 10,11,and 12 are located as shown in Figures 10 and 1D,
; ' NAVAJO DAM :
‘BAFFLE PIER PRESSURES IN DIVERSION SCHEME 9 —14,500 GFS
A ' 124 SCALE MODEL N
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Figure 23
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Side View - T. W. El. 5714

NAVAJO DAM
Recommended Diversion Basin - Dry Model and 14, 500 CFS Discharging
‘ 1:24 Scale Model
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4

ok

| )
b L2

b Approx W.S.
Q=.14,500:
T.W. E' 5?'4

IZ"-’{ e = . —’:l 8J4_I - "
6"t - | Ehustinal.
R 15 TTEN
l< | _—:l_\! ! . H-‘T’
. r ‘ -;_l- }x,";v
SECTION A-A SECTION B-B
: ELSTIS,
Y { oy
Timber-.. |
7 <
: ' B A S
_--1--Sta, 22+46,20 YA
REECEE L S
“Nose piece\ \"
. \
A ' A E1.5692. 5o-~.‘ :
(i \ L%
) -}c :

REPORT HYD. 457

Pisz ¥ |1-+ __f[ ; . :
“ Piez.“laﬂ.’ y ¢ E v’ i Ii' - '.--Piez.#lz
. : T e oo e e - S
‘ [T
‘Timber filler-/ . - i ' e
END VIEW | ~NOTE

‘SIDE "ELEVATION

‘NAVAJO DAM

REGOMMENDED CENTER WALL PIER NOSE" DIVERSION
1:24 SCALE:-MODEL

-For 14,500 cfs - and . Tw. EL5714.

pressures . at all piezometers |
are - atmospheric or above




Figure 25 :
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o B e

B. Discharge Channel

C. Erosion after orie
‘hour model operation

NAVAJO DAM

Recommended Diversion Bagin - 14,500 CF
: : T.W. El. 5718.5
'1:24 Scale Model

S and Scour Test
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Figure 27
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' Note: 31217:E£ee‘tv. of heé,d;ai valves 100 :"percentfcfp_e‘x‘i

S . NAVAJO DAM
,Recommended.Outlvet’Worﬂks ‘Basin--4580 CFS--

| , Tailwater Elevation 5709
11:24 'Scale:Model ‘ o




‘Figure 28
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LUl oo NAYAJODAM.
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Figure 20 .

Report HYD 457

: ‘Note: v217yfyfeét ;_of;head.ét—y‘alvefs ;100 ‘Pércéﬂt‘;opéyn‘ SR
.. Water surface {1 ctuaﬁon_,;at‘tailwater .gage'is 0.8:fo ot

SO R . NAvAJopam Y . .S
- Recommended.Outlet Works Basin--4680 CFS--Tailwater Elevation 5714
' SRR 1:24 Scale Model eahianotatLs




Figure 30
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Recommended Outlét Works B

NAVAJO DAM
asin--2650,CFS~--Tailwater Elevation 5711
1:24 Sca]/ /Model
/




Figure 32
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‘Note: 308 feet of head at right valve 100 percent open

NAVAJO DAM
Recommended Outlet Works Basin - 2710 CFS -~ Tallwater Elevation 5715
1:24 Scale Model
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. Figure 34
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Head at valves 100 percent open
217 feet. Tailwater elevation
5773. Erosion pattern in sand
after a one hour model test run.

et g0
TS
Lok

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

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




