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

Hydraulic JDOdel studies ot Navajo Dam diversion and outlet -works structure 
were conducted on a 1:24 scale model to develop the hydraulic designs of 
the temporary- and permanent stilling basins. During prototype construc­
tion of the lower portions of the dam, the partialq completed outlet 
works basin will be used temporarily as an energy dissipa.tor tor diver­
sion tlon discharged through the 18-toot, 9-inch-diameter diversion 
tunnel. Later, second-stage concrete will ·be added to the diversion 
basin to convert it to the pe'fflBDent outlet works stilling basin. 
Discharges through the permanent outlet works will be controlled by 
two 72-inch hollow-Jet valves. 

Performance of the diversion flow model showed the general concept of 
the prel.1m:f.nar.y design to be satisfactory. However, it was fomd 
desirable to add dentils to the sill located at the end of the hori­
zontal apron and to lower the elevation of the besin 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 abrupt slope changes in the floor between the tmnel outlet 
portaA and the ·basin apron. ·!Jhis latter modification eliminated the 
subatmospheric pressures found to be sufficiently large in the 
preJ1m1nary- design to cause cavitation erosion on the flow surfaces~ 
A pier nose was added to the center dividing wall to ~l1m:1nate 
excessive splashing and to protect the center wall from erosion·by 
debris and by cavitation. An end sill was installed at the dowa­
stream end of the upward sloping transition apron to reduce the 
tendency to scour the discharge cbannel at the end of the sloping 
apron. 
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Tests on the model of the permanent outlet works works utilizing the 
two 72-incb hollow-jet valves for flow control showed the design to 
be satisfactory tor prototype use. !lhe hydraulic design was based on 
generalized procedures developed from an extensive· research program 
given in Hydraulic Laboratory Report No. Hyd-446; no modif'1cat1ons 
were required. 
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Dr.l'RODUC!t'ION 

N-.~jo Dam, part of' the Colorado River Storage Project, is located on "-s:- ' 
the ·-~ J1J&D River in northwestem New Mexico about 39 miles east of' 
Farmington, New Mex:Lco., Figure 1. !lhe dam., Figure 2., is an earthf'ill 
structui-e approximately 3,800 feet long at the crest., 370 feet high 
above the li,.verbed., 3.,6oo feet wide at the base., and 30 feet wide at 
the crest\ r be the Bureau's second largest earthfill. dam, 
having a volum of more than 26 million cubic yards. !lhe hydraulic 
features inc - a spillway., an outlet works, and an auxiliary outlet 
works. 

1he 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 .,ooo second-feet at :max:f.mum reservoir elevation. 1he 
flow falls 410 feet through an expanding chute -into the stilling 
basin which 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 th.rough the chute floor from a tunnel 6 feet 
Wide by 8 feet high. 1he purpose of' this structure is to control 
water releases while the diversion structure is being converted to 
the permaaent outlet wol'ks structure. It may also be used af'ter 
completion of the dam 'Whenever the outlet works structure is shut 
down tor repairs. 

1he primary outlet works structure., 'Which is the subject of' this stud:y., 
is located 1n the right abutment adjacent and parallel to the spillWB.7. 
During the early stages of' construction., diverted riverf'lows v1ll be 
discharged into the temporary st:1JJ1ng basin., a low head hydraulic 
j1JIII.P-type stilling basin, Figures 2 through 7. !lhe stilling basin is 
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designed for a :max:1mum diversion discharge of 14,500 cfs, entering 
the basin at a velocity of 52.5 feet per second from an 18-foot, 
9-1.Dch-cliameter 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 horizontal 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· 
chamlel. The discharge channel is 6oo feet wide and extends downstream 
from both spillway and outlet works. The riprapped channel bottom is a 
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 
complete'.cy excavated and the tail water may be as high as elevation 5723, 
16 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 above the apron, 
for the design flow. · 

After the auxiliary outlet works has been constructed, the diversion 
structure will be converted into the pexmanent outlet works structure. 
The permanent outlet woms is designed to discharge-4,680 cfs through 
two 72-inch hollow-jet valves into a high head stilling basin of a 
special type. F.ach valve discharges the flow downw.rd, at an angle of 
24 ° to the horizontal, between two converging val.ls placed on a 
30° sloping floor joining the horizontal stilling basin apron. 

The part of the temporary basin do1mstream from the converging walls, 
Station 22+46.20, including the discharge channel, does not require 
modification for use as the pemanent outlet works stilling basin; 
upstream from Station 22+46.20., the modifications require the addition 
of the special features used in the permanent basin. 

!I.BE MODEL 

A 1:24 scale moo.el, Figures 8., 9, 10., and 11, constructed 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 first constructed to represent the diversion 
outlet works stilling basin structure., including the downstream portion 
of the diversion tunnel 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· blisin 
contained two·glass panels to observe the hydraulic action.withi,n.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 tail-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 72-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 

Thet 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 analyzing the requirements for the two types of 
stilling basin, 14,500 cfs at low head for the diversion basin and 
4.,~o .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 or appurtenances or second-
·stage concrete to provide optimum performance for the perllianent stru~ture. 

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 72-inch hollow-jet outlet works valves at high 
bead and tail-water range between 5711 and 5715. However, the di version 
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requirement to discharge 14,500 cf's at lov head with tail-water range · 
between elevation 5714 and elevation 5723 made it necessary to increase 
the basin dimensions. !!he diversion basin apron was, therefore, about 
2 feet lover and about 20 feet longer than required for the pen:ianent 
basin and had an additional 50 feet of apron sloping upward at the rate 
of 6 to 1 into the discharge channel. !!he basin width was acceptable for 
both types of operation. 

Die pertol'Dl&llce of the diversion basin in discharging 14,500 cfs is 
shown in Figures 13 and 14. 1he 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 considerable amount of splash occurred 
which was caused by the high velocity flow striking the upstream end 
ot the center dividing wall. Scour in the movable bed was quite severe, 
Figure 15. For tail-water elevation 5723, waves were approx:f.mateq 
6 feet high at the tail-water gage. !!he basin, therefore, did not 
pertom satisfactoriq within the expected tail-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 u. For 14,500 cfs, pressures 
were considerabq below atmospheric at Piezometers 3, 5, 10, ll, and 16. 
Pressures at Piezometers 3 and 5 were suff'icientq 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. Piezometers 10 and ll are on the side of the center 
dividing wall near the upstream edge. 

Piezometers ·9, 12, and 16 showed less severe subatmospherie pressures. 
Piezometer 12 is on the basin floor immediateq 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 immediateq down­
stream from the station at which the walls begin to flare. 

Basin Scheme No. 2 

!ro help keep the Jump 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 do"WDStream end of the sloping apron, Figure 16. !ro reduce the 
splash and to protect the upstream end of the center dividing wa1l, a 
pier nose and a floor slot filler, both shown in Figure 16, were 
installed. !ro 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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'Die ~ulic performance of the basin for the design tlow at both higb. 
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 
~Jirn1nated; however, the subatmospheric pressure at Piezometer 10 was 
20 feet below atmospheric as com;pe.red to 9 feet in the preliminary 
design, Tables 1 &1ld 2. The subatmospb.eric pressure was less in the 
prel1rn1na,:y 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 &1ld the wall occurred for low tail 
waters. !he tail water could be lowered 1 foot more than in the 
prel1rn1ua,:y design before neepout occurred. At tail-water elevation 5716, 
the flow nept out of the upstream po~ion of the basin, and at 
elevation 5713, the jump was swept completel.1' 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 11hung11 on the sloping 
apron at the downstream end of the basin. !his was not satisfactory. 

In the range of the expected tail water, elevation 5714 to 5723, scour 
in the discharge cbumel was reduced considerably from that which 
occurred with the preJimnar;y basin. 1\le reduction in scour was due 
pr1rnar:l.ly to the addition of the end sill on the sloping apron. !lb.e 
sill was l therefore, used in all other basin schemes tested ( except 
Scheme 3J and is recommended for the prototype. 

1\le arcs joining the slope changes on the floor beneath the jet were 
Ede successively sreater by increasing the arc radius. The upstream 
curve was the more critical because submergence by the tail water 
helped to reduce the Jll&Sllitude of the subatmospb.eric pressure at the 
lower arc. At the u;pper slope change, the subatmospheric pressure 
was reduced from 22 feet, with no l'f'und1Dg of the intersection, to 
7 feet by using a 42-foot radius arc between the two slopes. Bad.ii 
plotted versus pressure at Piezometer 3, Figure 18, showed a straight 
liDe relationship. .Extrapolation of the straight line indicated that 
a 6o-foot or more radius would be required to elirniDate the subatmos­
pheric pressure. 

BasiD Scheme No• 3 

~ im,Preve the performance of the b&JJin still further and increase the 
factor· of safety against jump sweepout, Scheme 3, Figure 19, the basin 
fJ.oor· was lowered 2 feet to elevation 5678. 1\le center wall pier nose 
&1ld the floor slot tiller 1D Scheme 2 were used, but the dentils on 
the dentated sill &1ld the end sill on the. al.oping apron were removed, 
The floor beneath the jets was replaced; 4 planes instead of 3 were 
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used to approx:Lmate the trajectory curve of the jet. ~s 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. 

The floor modification improved the pressures at Piezometers 3 and 5 
sufficiently that they were near atmospheric or above tor a discharge 
ot 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 tor 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 ot 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. 

Pressures on the side of the center wall at Piezometer 10 were as low 
as 24 feet below atmospheric for the design flow, Table l; 4- feet lower 
than in Scheme 2. ~s was probably due in pa.rt to the additional 
2 feet of drop to the lower basin floor and in pa.rt 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 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 channel 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 summa.rized 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 to reduce 
the bottom velocity. The sill recormn.ended 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 5714. 
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The water surface' in th..e 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 5'711 to detem:Lne the elevation at which complete ~weepout 
would occur, ·However, the safety factor against sweepout was considered 
to be sutticient since the prototype discharge channel bed was to be at 
elevation 5'710 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 
swirl.1.Dg 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 tempoml')" 
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 tom loose 
by the force ot the oncoming flow. Figure 2lA shows the downstream. 
flow conditions for this sclleme. 

In Scheme 7, the 12- by 12-inch timbers were replaced by four stream.­
lined battle piers on the basin floor at the downstream end of the center van. 1be hydra'Ulic performance of this basin discharging the design 
flow at taiJ.-water elevation 5712 is shown in Figures 20B and 21B. 1be 
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 atmo,pheric, 

To move the JtllllP farther upstream in the basin tor tall-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 !!able 2. In Scheme 8, five 12- by 12-inch timbers on the 
approach slope were used along vi th 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 instead of the five 12- by 12-inch timbers in the approach, In 
both of these scllemes the jump moved upstream, and the subatmosiil,eric 
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 battles in Scheme 9 were objectionable because 
ot the suba~spberic 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. ~erefore, in Scheme 10, only the 
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six square-edged dentils on the intermediate sill were used. For tail­
"Water elevation 5714, the Jump occurred farther dO'W1lStream in the basin 
than for Schemes 5, 6, 7, 8, or 9, Figures 20D and 2lD, and Table l.1 
but overall performance 'W8S considered to be satisfactory-. However, the 
subatmorspheric pressure problem on the side of the center wall at 
Piezometer 10 remained to be solved. 

Recommended Basin for Diversion 

The recODD11ended.scheme, Figures 4, 5, 6, 7, and 23, is identical to 
Scheme 10, except tor the shape of the center wall pier nose, Figure 24. 
The pier nose 'W8S reshaped to improve the pressures on the-side ot the 
center wall. As· a result, atmospheric pressure 'W8S recorded on the side 
of the center wall at Piezometer 10 for the design flow of 14,500 eta 
Y.l.th the tail water at or below elevation 5714. For tail waters above 
elevation 5714, pressures were above atmospheric. It was recommended 
that the portion of nose submerged in the oncoming flow be caretul.q 
constructed of concrete to provide a smooth surface and a smooth joint 
where the pier nose joins the center wall. The portion of nose above 
water m,i,y be constructed of timber to any reasonable shape, since its 
~ purpose is to provide protection te> the center wall fl'Olll .floating 
debris. Eventual.ly, the concrete portion of the . pier nose Y.1.11 be 
buried by the second-stage concrete, so that it is important that any 
damage which might occur, whether from cavitation or impact, be confined 
to the nose itself. 

i'wo piezometers were installed on the concrete pier nose, Piezometers 13 
and 14 on Figure 24, to determine whether subatmosplleric pressures 
occurred on the pier nose. Pressures were found to be above atmospheric 
and no cavitation sllould occur in the prototype. 

Characteristics of the ~ulic perfonnance of the recommeDded design 
are recorded in Table 1, and flow conditions are shown in Figures 23, 
25, and 26. The magnitude of the movable bed scour in ·the recommended 
design was much less than in the praJim1na:ry design, cOllq,B,re Figure 2; 
with Figure 15, and was considered to be satisfactory. However, it is 
recOllBllended that the prototype discharge channel be riprapped as shown 
in Figure 7. For discharges less than the design flow sham in 
Figure 26, the operation was satisfactory in all respects. 

Recommend~ Basin for Outlet Works 

The recommended basin for diversion was tested for use in the outlet 
works. Second-stage concrete 'W8S added to the diversion chamlel as 
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 ,58o 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 tail water at elevation 5715. 
For emergency operation with one·valve open 100 percent, the outlet 
works is designed to discharge (1~) 2 110 cfs at a head of 3o8 feet 
with the tail water at elevation , and (2) 2,650 cfs at a head 
of 278 feet with the tail water a elevation 5711. 

The hydraulic design curves given in Hydraulic Laboratory Report 
No. Hyd-446 !/ were used to obtain the basin dimensions for ;.e;~J>:~of 
the above operating conditions. The curves show that when ii;~ 9 ,c.t~t.-. s discharged at maximum head with the tail water at elevation 

-''S1i', the basin should be 102 feet long by 16.25 feet wide (per. __ _ 
···va1~eJ. .and. the ~orizontal apron should be placed at elevation ,:t§S.t;Z 
For~~hfs with the tail water at elevation ,~,n,; the basin~---­
length and wid.:tl! _,aJ;iould be the same, but the apron should be placed 
at elevation 5'~~f For one valve df_soharging}!~7~.9 cfs at maximum 
head w1 th tail-water at elevatio~~JT! the apron sho~ -:tlf 115 feet 
long by 17 feet wide 8:~--~..!>,o}J,ld be placed at elevatio ,~ For 
one valve discharging 2~:6:J<Ycfs and tail water at eleva"tion~_--_>_1_1·Y....:.!lJ t~~-, 
apron should be 111 feet long by 17 feet wide and at elevatiop· KWI! 
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; it is, therefore, necessary to compromise 
and· choose a basin that will perform well for the mst usµa:i c,.perating 
condition and satisfactorily for the others. 'l!he."::.al- lia; :·: , ... ~ · · ·. --· 

,.,_j, .. ·:. __ =, ••"'1~-~d.- l)e,(la:Qtlf>»re;t~t-" . . 
· -~- ·11 ;t•lm- .192;: feet loq, 16 .2-5 reet wile, aitl'i,Jh11 

l~•eti.ri: ,-1. -· 

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 limits and the tail water 
depth in the ~asin is not excessive to the extent that it impairs the 
operation. of'· the permanent outlet worka. The basin was tested to 
determine it• adequacy f'or permanent outlet works operation. Par­
ticular attention-was given to the deeper than necessary tail water 
and the effect of the extra length. 

yityd-446-- ''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 tull 3 feet to 
test the basin at the ideal tail-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. y 
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 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. ibe 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. ibe 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. Photographs showing 
50 percent of the design flow discharging through the valves 50 percent 
open, 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 minimum 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 
encounte.red. 

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 dis~harge, Figure 34A, the sand movement was slight as indicated 
in a 1-hour model test with tail water at elevation 5713. For 1-valve 
operation, some sand was deposited in the basin downstream from the 
closed valve. Additional scour tests were made using stones placed on 
the an to simulate the prototype riprap, Figure 34B. The stones 
rema ne in place for both 2-valve and 1-valve operation. 
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~e following additional model data are summarized in Table 3. Pressures 
at the piezometers installed earlier on the center dividing wall ot the 
diversion basin, Figures 10 and 11, were all above atmospheric pressure 
when the outlet works was operated. The pressures, in general, were 
eqlJal. 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. 1he maximum fluctuation was 
approximately- l foot and occurred for one valve operating at maxiDlulll 
design capacity-. !lhe tail-water elevation at which the stilling action 
was swept ou:t of the upstream portion of the basin provided more sweep­
out safety- factor than is ordinarily necessary. For 1-valve operat;on, 
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 s+.UJing action could be impaired by- low tail water. 
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Scheme :Figures: Approach 
:trajectory 

Table 1 

DIVERSION MODEL '!EST DATA SUMMARY 
: Subatmos-: 

:Center: pheric : Wave : Wave 
: wall : :Baffies :Dentils: 

:Basin: nose : :at end :on sill:Sill at: 
Tail: Tail-: pressure:height at :height at 
water: water: at piez-: tail- : tail-

:floor:· piece:12 x 12: of : at end: end of: for : el at : ometer :water gage :water gage 
com- : which: No. 10*: for tail-: for tail­
plete:sweep-:for tail-: water el: water el 

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

el : and :timbers: center: of :sloping: 
: floor : : wall : horiz. : apron 
: slot : : apron 
:filler: out :begins: 5714 (ft: (ft) (ft) 

:of water}: . . 
Preliminary:12 thru:Preliminary: 5680: No . No . No : No : No : 5714: 5717: 9 . . 

15 . . . : . . . 
No. 2 : 16 and : Scheme 2 : 568o: Yes . No . No . Yes : Yes : 5713: 5716: 20 . . . 

17 . . . . . . 
No. 3 : 19 :Recommended: 5678: Yes : No . No . No : No : 5712: 5715: 24 : 5-1/2 . . 

:Scheme: 
No. 2: 

: . : : . . . .. . . . . . 
No. 4 : -- :Recommended: 5678: Yes : No : No : No : Yes : -- : 5714: 24 : 6 

:Scheme: 
No. 2: 

: : 
No. 5 : 20A :Recommended: 5678: Yes : 6 on . No : No . Yes . -- : 5712 : 14 . 4 : 3 . . . . 

:Scheme: basin: 
No. 2: floor: 

: . . . . 
No. 6 : 21A :Recommended: 5678: Yes : 5 in . No : No . : Yes : -- : 5712 : 14 : 5 : 4 

:Scheme: diver-: 
: No. 2: sion 

:channel: 
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Scheme 

No. 7 

No. 8 

No. 9 

No. 10 

Table 1--Continued 

: Subatmos-: 
:Center: pheric : Wave : Wave 

wall: :Baffles:Dentils: 
:Baein: 
:floor: 

el 

nose : : at end : on sill: Sill at: 
Tail: Tail-: pressure:height at :height at 
water: water: at piez-: tail- : tail­

for : el at: ometer :water gage :water gage 
com-: which: No. 10*: for tail-: for tail­

plete:sweep-:for tail-: water el: water el 

:Figures: Approach 
:trajectory 

piece:12 x 12: of : at end: end of: 
and : timbers : center: of : sloping: 

floor: : wall : horiz. : apron 
slot : : : apron 

:filler: 

:20B and:Recommended: 5678: Yes : No Yes 
21B : :. : Scheme : 

No. 2: . 
:20C and:Recommended: 5678: Yes :5 in : Yes 

21C : : : Scheme : diver-: 

:20D and:Recommended: 
21D 

: and 9 : 

:20D and:Recommended: 
21D 

No. 2: sion 
:channel: 

. 
5678: Yes 

:Scheme: 
No. 2: . 

5678: Yes: 
:Scheme: 
: No. 2: . . . . 

No 

No 

Yes 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

: sweep-: out : water el: 5723 : 5714 
out :begins: 5714 (ft: (ft) : {ft) 

:of water}: 

5713 20 5 4 

5712 14 4 3 

5712 15 5-1/2 3-1/2 

5714 20 5-1/2 4 

Recommended: 25 :Recommended: 5678:Recom-: No 
:mended: 
:scheme: 

No Yes Yes 5714 0 

*See Figures 10 and 11 for Piezometer 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 : 4 : 5 : 6 : 7 : 8 : 9 : 10 : 11 : 12 : 13 : 14 : r5 -:~lo :~ 1 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
: 5723 : +12: +11 : -22: +l: -16 : +19: +23: -1: + 2: - 1: - 5: +25: +32: +33: +2: -3: +11: +5 Preliminary: 5714 : +12 : +11 : -22 : +l : -16 : +19 : +23 : -1 : - 2 : - 9 : - 8 : - 3 .: 

Scheme : 5723 : +11: +11 : -13: to: - 7: +18: +22: -1: +I~: +16 : +32: +28: +33: +34 
No. 2 : 5714 : +11: +11 : -13: to: -12: +13: +22: -1: - 3: -20: + 2: - 8: + 2: + 2: : : • . Scheme : 5723 : + 7 : + 4 : + 1 : to : t o : + 5 : : +3 : +10 : +14 : +30 : +42 : : : : : =-No. 3_ _ _:_ _ _5"{14 : + 7 : + 4 : + 1 : -1 : - 1 · : + 5 : : +l : + 2 : -24 : + 2 : +24 : 

See Figures 10 and 11 for piezometer locations. 
See Figure 12 for preliminary basin. 
See Figure 16 for Scheme ·No. 2 
See Figure 19 for Scheme No. 3. 
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!l.'abl.e 3 
RECOMMINDED OU!I.UT WOBBB ll>DEL 5:ST DA!Dl SlJMMABI 

: : : :!1.'ai.1-water: : Water surface : 1iil.-water 
Dis~:Valves:Pe_rcent.,: Head :el.evation :Pressures in feet of' water :f'l.uctuation at : el.evation 

(cts} : used : open :at valves: ot gage : Piez : Piez : Piez : Piez :tail-water gage: (feet) 
: : : (feet) : (feet) :Bo. 10:Bo. ll:Bo. 12:Bo. l.3: (feet) :For sweepout 
: : : : : : : : : : 

4680 :Both : 100 : 2l. 7 : 5715 : +2l. : +26 : +57 : +23 : 0. 75± : 
4580 :Both : 100 : 2l.0 : 57ll : +14 : +19 : +59 : +22 : 0.5ot : 
2710 :Bight : 100 : 308 : 5715 : +17 : +22 : +39 : +33 : : 
2650 :Bight : 100 L~ : 57ll : +10 : +16 L±31~J -t-30 : J..00!: : 

See Figures 8., · 9, and 10 tor tail-water gage location. 
See Figures 10 and ll for piezometer l.ecations. 
Zero pressure is atmospheric; pl.us is above atmospheric. 

5702 
5702 
5705 

At sweepout ta:U-water elevation the turbul.ent still.ins action is out of' upstream portion of' basin 
and on the verge of' complete sweepout from. basin. 
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[ Tota! storage copac1fy + 1,712,_ooo 
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o· •• Gate chamber ,-,t: Auxiliary outlet tunnel S.59°1B'W. 

--4::::+---I--.tt:.t--.iTL~--------l-----+---=--=-t-

Max. Res. W.S. El. 6I01.5-----
Normal W.S. El. 6085,:L_, ______ _ 

Gate stem 
storage rack--' 

£ Intake structure Sta. 4+ 55-----f 

Min. oper.'g W.S. El. 5990.0·· > _U, 

Si/I El. 5882.50······:,... ... , 

Diversion inlet plug_~ 

// 

----El.5728.5-----~ 

.·El. 6000.00 
.. E: 

~--·-Ground 
Surface 

Rock 
line--. /. 

--Sta. 5+60 Sta.I0+ 00-, 
, -~ 

~--··-- --Grout hales 3d !deep@20'c rs. ( staggered)-··>i 

' ' : /El.5730.00 ,5".007344 El.5726.52, 1 
' -- ,' . : 

Sta.5+34--- -·>-i 

'"' 
'--·1s'-9" Dia. tunnel Sta. IO•OB.50---~ 

---One row reinforcement each face·-·· ----->-L-· 
6'x13'Fixed wheel gate/ 

1J:1 or strip 

ta rack-._ Ground surface- ... 

'·i Spillway Sta. /0+48.50 
N.20.62850 
E.52.856.50 

,-Hydraulic gate hoist 
_,' ,·£1. 6108.50 'i ,.---·El. 6108.0 

€ Gate shaft, Sta.10+38.50 
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~ 'i Spillway ,,,. 
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PLAN 
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SCALE OF FEET 
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~·--···-·····-·---- - --·-··----·--·-Drainage hales 20- deep@ 20 ±crs. ---· --·-- ----· 
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/: I 
i-~:··El.
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·
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110"0.o. steel pipe .-·S'. 007344 -18'-9" dia. tunnel 

j-<-One raw reinforcement-·~-----·--·-··--- -One row reinforcement inside face·-·-----
., . eoch face. r<·--sta. 13 ~ 00 

-----~;:a5;~;.~:·?n~ert 

- PROF'ILE - OUTLET WORKS 

Sta. 21+00 Tunnel 
invert El. 5718. 50-

' Tunnel qccess 

°"-. 

--+---One row·---~~ 
Sta. 19+50- -->ireinfarcement each 
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Manifold block/ 

,-7'-o" Dia. tunn 
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Sta. 3+ 45-- ___ -- .. _ -;.,~~· -- - ·-Grout holes 20 - deep@ 20 crs. staggered·---·-----··· -- --- --->-; 

·--.:....,,-·Sta.11•18.50 •+ , 
L.t<--~-------·---------·-··-·Graut holes 20 ·deep@20 crs. Crown anly. - -
I : :,t·Sta. 11+55 ,,-6'-0" x B'-o" Tunnel. For sections 

- - - -~~--Sta. 18+ 00 

' see Dwg. 7,, v-.J.., 

nel for sections 
7

,,_,..._ ,.,, Gate chamber- __ Gate chamber­
,.-s:: .Oa807 
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excavation See Owg.,/' 

711-0-38-------
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30" H.J. VALVE, AUXILIARY OUTLET ANO 36"DIA. 
BYPASS-DISCHARGE IN 100 C.F.S. 

5 10 15 20 

72" H.J. 1000 C.F.S. 

C.F.S. 

10 20 30 40 

TAILWATER - DISCHARGE IN 1000 C.F,S. 
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~ 
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DISCHARGE AND TAILWATER CURVES 

-.-----
\ b ,-£ Pipe support@ 40'- 1" c.rs. 

,.. , ,,, _.-£ Walkway support 
.......... 20 ·02 --·/----.. ~-- I @ 40'·1" crs. ·q. 

·' .. 
'"'.3'.3".l .. 3'.3''.~ , I v·' Tunnel 
i I c:b : r ·>', ,2":-<· I Cr>-,___ . 

~ lnot shown···· /,~. 

r' .. 4'·3" /,. 

1 ,<', ~ 1...: , ..... --Walkway , . o 

I '-V( o 

·. 2·oeep saw cut ~ 4 ~ 0 °, ., __ · 
along outline at \ Anchor baits and metal wark l 
support recesses' not shown. SEC. C- C C '> 

SECTION B-B 
PIPE SUPPORTS Supports ta be constructed after 

completion of diversion through 
IB'-9" dia. tunnel. 

WALKWAY SUPPORT 

NOTES 
For general notes see dwgs. 40·D-5531 a 40·0·5586, 
Spacing af transverse canstructian joints in tunnel linings 

shall not exceed 50'. 
Metal waterstops shall be placed in all transverse construction 

joints in tunnel linings. 
Where directed 1 apply sprayed ar concrete protective 

.. coating ta freshly exposed surfaces 
,,. ,, rack in channel is suitable, excavation shall be completed 

to the channel profile omitting riprap and bedding 
as directed by the contracting officer 

REFERENCE DRAWINGS 
OUTLET WORKS 

IN TAKE STRUCTURE _____ .... --· __ 711 -D-151 TO 154 INCL, 711 -D-44 
GATE STRUCTURE AND SHAFT ........... ·-·······---·--···711·D·45 
DIVERSION CHANNEL-MANIFOLD BLOCK· TUNNEL 

ACCESS ANO CONTROL HOUSE. -·-··-----··-··-·---·-----71/·D-46 
VALVE HOUSE SHEET I AND2.-- ----·-·---··-······.7//-D-47848 
ST/ LL/NG BASIN._ ... ----···--- - ·- ·--··· -·- - - --- -· --···- --·- 711- D-49 

' ,-Pipe ar dri lied hales in tunnel arch 

Vent holes at highest :' for placing mortar ar grout by grouting ,.Vent holes at highest 26" Ventilation duct, ,Pipe or drilled holes in tunnel arch for 

,-·For details beyond Sta. 19+-04 
,--.,__s_e.e_ .~~9~_!{1:_Q~~{ ---····--r - --?-> 

ACCESS TUNNEL AND AUX. OUTLET TUNNEL SECTIONS .... J//·D-50 
AUXILIARY 04JTLET WORKS: INTAKE STRUCTURE ......... - .... -71/·D-51 

GATE CHAMBER ............. .711·0·52 

breaks in excavation---- • .••• ,.J .. __ ( method, location as directed.--·----

-~\\~--'t.,.-:---Graut hales,stagger 
· ,_ ; adJacent rings as shown. 

'·0"\. 
-s;,..vt '-,: Drainage holes 

~J, / 20':! deep@ 20' 

/ breaks in excavation.----~c-~~!_ey~!!<:~.~~!s -... ,, ( \ 
, . IB Air inlet pipe. -- •• ,_,, \ 

.-----Temporary timber sprea~ers ~ 
"a"L1ne---., ;,..-:, ·, 

w 

, placing mortar or grout by grouting 
/ method 1 location as directed. 

t STRUCTURAL STEEL RIBS ONLY STRUCTURAL 'STEEL RIBS 

UNSUPPORTED SECTION 
SUPPORTED SECTIONS WITH LAGGING 

TYPICAL TUNNEL SECTION_S_ 

Tie rods./ 

BOLTS ')\"Line .. 
8~24 steel rib .. -?-'~ 

Metal lagging •• -/"'-j, 
DETAIL X 

Paint exposed'; half 
with plastic compound; 

: Constr. joint 
/ - Gravel or rock fragments ,_ 

- ta be grouted after 
Placing concrete tunnel 

'A" Line - lining. 

Face of funnel/ ~"Metal Waterstop 

DETAIL y METAL WATERSTOP 

Liner pla~ : 8 we 24 Space between continuous liner 
plates ar lagging and the "" . j' B Line--_ -· . . · - ;;:. Steel rib 
excavated surface shall be solidly 4"·~ ' - ~ :0i .... -~TiB rnrfc; 
packed with clean rack fragments 
or gravel and fi lied with mortar 
or grout by grouting methods ~?" - A L.Ine 

after placing concrete tunnel lining.-·--~ ~;.o· 

DETAIL z 

~o 
~~ 
~~ ~, 
~~ 
8~ 
!3:q; 

110'' 0.0. STEEL PIPE. -·--· ...... -··-------·-···-·-··-····-·····711-0-135 
SPILLWAY· PLAN AND SECTIONS .. -·····-··-··~=:::.._·-·-··-·=711-0-~~ 

OUTLET STILLING BASIN REV/SEO 

SPILLWAY INTAKE CHANNEL REVISED 

EXCAVATION AREA #I REVISED. CORRECTION MADE 

UNITED STATES 
DEPARTMENT DF THE INTER/DR 

BUREAU OF RECLAMATION 

, COLORADO RIVER STORAGE PROJECT 
SAN JUAN DIV.· NAVAJO UNIT--COLORADO-NEW MEXICO 

NAVAJO DAM 
OUTLET WORKS 

PLAN, PROF'ILE AND SECTIONS 

ORAWN._ •• ff..~.:-·--·-_$USMl7'7'EO...cJf'M~-··-··--··-

Jr1 .. , 
7'RA CED __ .£?.:..~·P_.'.. ___ .. RECOMMENDEc •• i.!..'.,1._~ -·- __ --· --·- --
CHECKEc_C_C._lf!_. .. -)l.1:._ .. APPROVED-- --·-~ii~i,~~INCll''it ____ . 

DENVER, COLORAOO, MAY 1,1111'::ltl 711-D-43 
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Far details af gravel stop, flashing 
and/rip see /wg. 40-0-430~: 

4 Ply bituminous / 
built up roofing / 

with grave'(rr~~e, ,: 
' I I]: 

S/°-fe {' per tt-' , 
Tunnel access house.-' 

\ I 

~a;, 
'';:'. 

\\ ,, --'t \ 

,..-·€ 72'' l D. pipes 

El5737.00· ---.,,__ 

Recess far handrail 
posts see detatl----­

£/.5740.50 ---· 

,,Type ''a" rubber waters tap Air inlet louver. 

-<1C Fr>-

_ 9,, I A (Air compressors 

....10: 

---~J;;;;avob/e handrail 

--2'-9" 

\ "' 
-\ ~ 

,-Ventilation 
: ex houst louvers\ 

~

\ 12'-6"----->j _// 

. 
. 

\ ---- € Concrete encased ''ic}p 30"1.D pipe-- ..• ,_ 

ft Concrete " :6" Crushed p )....,.. 'ii-~:--~-- Unencased section A! Jar details af gravel 
encased 30 \ rack :~';=\\- - ':\ _ i stop, flashing and drip 
t.D. pipe-. __ ~ , , 11 \\ -.., f;- \I , see Dwg.40·0-4303 

- \ Sleeve type,/ \\ ~ \\, \\ ; . . 11f''...: ~1~'-a..i'~-J -~--AdJustable louver 
~-\·, - -

2
- - --'11'-6"- - - - - -->-: 

SECTION D·D 
El varies··, . \ coupling-·· 11G11 : /4 Ply b,tumtnaus 

· , ,--~·· ,,.,., •• ,Limits af \1 t7; : : butlt up raaftng 
-~::,: 

0

:t8~ ::~. '-/specially compacted 14'-2"-;-,\~ \ 1 _\ j __ ~~h gravel surface 
, •7!'; , W 11:s,'l,.• • zone 2 ,n tren_ ch _ J"' - , , ,-

r-,-6-0_.=-r--"'l", i - --..--- ,... 
// : . - , \ ·----ft Or as dtrected : - -l-,.- ' : 

30
" HJ / e 

/ / 
0 

, '-., • I 1 }-·- • • VO V 
/ · Ii 0

'·, k, ~ 11 :: contra/ house 
/ I 'J ',.,. \ ----~--/:/ ~ ~ I C) 

i ·. : :_. ·,_ Limits af specially ~ i: '!? 
·-u ,>,12', compacted zone 2. ':---:C .',.-S/ape {' per ft 

where pipe is restmg ,' 1: : .---9·-o" 
on fill adiacent ta -:j 1v,., 
spillway wall SECTION P·P 

Venfi /atian intake} -<JC 
lolJv(}r- --b----111 i I I 

SECTION 

Ventilation 
intake lauver -

PLAN ~--97'6" Ta€ af 
: spillway 10 10 15 

SCALE OF FEET 

'a, 

-~ 

:...L"·· _ .. _._.. · ,,,.··T·7" 

' ' J" Batter._ !"Recess-, 
6" Crushed rack·· ··-., ·-._i 

Ot0r°f'Wi6;~')~~w;;-uo'! 
"._ .. --- .J~ <>::·,::·~~-,~l 0

c' 

, " , , J"' I.. _,-Perv iaus \,\";/," 
-23-0-----~6-84"'2~/ backft/I------\ ·-._· 

FL>­

B·B 
--------- 2(-3"-- -~ 

~"" RECESS FOR 
HANDRAIL POST 

6" 

,Concrete outline af 
! tunnel portal 

/~ 

_ -~- --·-18" Air inlet pipe 
/ --£157375 
~~ .- Pervious 

J" 
--£/.5728.00 from • Batter-

Sta.2I,00 ta Sta. 
21+14 feft side 
only 

,-Type "a" rubber 
,/ water stop 

,, -::--i 12'"~-,.-Key 

rse~-rt . 

. 

DETAIL Z 
,,,,,, , ... L",,;;t c;';';t;;'/:'i,~,,f:;;r :r, ;~,:,ie._i:;, . , .:,,,._ t 

'-Type B rubber SECTION A A ~20:0" Vertical curves-- c-.... ~-~~ Sta 21+63.50·-, 

waterstap beam I Far embedded anchor bolts see Dwg. 711-D-27;etal caver and embedded L- i _ 
"/27.Zc'./ZZ·Z;-:/ ill . frame not shown - ---.. 

1 
,1 

SECTION C·C '--#~ ~~'t,P[r/a~s .-

SECTION G·G 

Contra/ cab,~e! ,s"xts''Adjustable louver: \ , -~ .-97,4" Ta Ii spillway 
and aJ/ tank \ '-<----------,a'-o' -;---~---,-;-;4. , -;r>> 

iH \ :..C------10'-o"------o-: 'c<· I8 1 ' --¥-, ,,, .SKA 
l ~ ___ . . .• · !,_-4-5; -'J 

J '-H ·. --:-r 
i 

1 

• J''! I ,-Sta.2tt54.59 
_l'_,.;J -
,,z-·-~ 
----f-Stap iag slat 

~~ ___ y_ 

SECTION H·H 
CONTROL HOUSE 

ladder 

---48" Chain link fence 

:l--,--· Spillway wall 

... ) 
L 

- -,"" 
0, "' 

_yrr-,~~,-r:r.-7:"T7C:?;y-V77"7-:77d 

'·Adjustable 
louver 

SECTION J·J 

each way---' SECTION 

Metal cover and 
embedded frame-._ 

"' ~ 
0 

"' 

SECTION K·K 

El. 57 37. oo. : Woll ta be removed far 

FIGURE 4 
REPORT HYD. 457 

\ \ pipe instollat,an N r>-
\j-·-Ventilatian ~ ~ ''-, -Contraction 
· intake louver 1 ~-~ ( __ joints-----

;Type ''a" rubber 

\::terstop 

·~ 

" .c, 

., 
"' -0-

_ _L 

F·F 

--.,. ,_ 

,: I 
-, .... 1 

I 
,Ii Outlet works \ II II 

:(\J ! Contraction -61 
M~ I I r !~ Sta. 2/+00 

ll 

C, 

"' c;; 
;:!: 
"' .;j 

' ->, 

-..1..':),._ 
~~ ...<---,----El.57I8.50---- ii, -~11<-12" 
_, :,:: 
~ --------~---40'-o"--

,8°8{ 
t-~-

' 

Sta. 2t•J2--;; 

/--~--

Keys @ 10'-o" crs. • 
see Detail z-----

PL AN OF DIVERSION CHANNEL 

9"~~,:;~---3o~it"~1.@E~~~-·~~--X~"""~1.~~~ 
2-p">' k----~#11Anchar bors@5'o"crs. '\~' ' ,· 

' I , each way ;tn,,bedded 8' into rack/',;~5l~/_':] ~------- _ 
ID{)Vert1calcurve-------\ /, ~-;{_ 11~ 

SECTION M·M \ :3·0·· ----- ; 
\ 'See Detail z _::~t~_- _ ->-1"' 
'·Apply protective coating ·f __ _ 

--- 29'.·o"- --- - -

' 
-->< 

48" Chain link fence-----. 

Sta. 22+00. 73·-·>< 
, £15731.50-·. 
~ El.5728.50·:, 

·- ,t'-P---
----11 . 

't; ,,, -. 

i ~ .,t,d-!a" o·-, 
<..> ' 

r--·-1t*->-
1,. £/.5701. 2 5 , 

an freshly excavated : 
3'-a1' surfaces where directed-\----------- ---J. 

!;, 
I 

:...Y>i ',..c-,2" \ El. 5700.72--+·~::;_,, 

2'-11"~ t·ltrEl.5728.50 '··20'0"Vertical k-,r-//------,- ->-
. ·.· ... .,-•. -.-.~ curves-_ / /! 

---11'-9"----- :·,.· • •· ... ;" ,-·-Pervious backfill ------ ,!!5 Dowels 
. . •'• ... _. (V 12" 

SECTION N·N 

,-, 
I I 

I : L_J 
' 'c, 

SEC. P-P· 

NOTE 
For general notes see Dwgs. 40-0-5530 and 5586 

REFERENCE DRAWINGS 
OUTLET WORKS-PLAN, PROFILE AND SECTIONS _____ 711-0-43 
OUTLET WORKS-CONTROL HOUSE ____________ 711-0-47848 
SPILLWAY· STA. 20•96 TO STA. 23 + 26. 50 ______ __ 71/-0- 42 

48" Chain link fence: ; 
-; 
' 

OUTLET WORKS-OUTLET PIPE_ _____________ Jlf·D·t35 

CONTROL HOUSE U-BDLTS REMOVED, TROLLEY BEAM AOOEO. 
STA. 21+27 CORRECTEO TO STA. 21+32 

' 
El 573I.00·-r, I : [/. 573/. 25·• L'l _______ 1_ -

30" H. J Valve 
not shown-, 

___ .... -: Et.5728.oo-··v : 

/ 

,construction joint 

Spillway wall) 
•:)' 

.;._:'/ \ ( II 1111 

El. 5719. 24-:lJ. ~ 

SECTION L·L 

g 
~ 

i 
::a 

: 
> .. 
~ 

MINOR CORRECTIONS ANO CHANGES 

MANIFOLD BLOCK CHANGED 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION 

COLORADO RIVER STORAGE PROJECT 
SAN JUAN DIV.-NAVAJO UNIT- COLORADO-NEW MEXICO 

NAVAJO DAM 
OUTLE:T WORKS 

0IVERSION CHANNEL ·MANIFOL0 BLOCK­
TUNNEL ACCESS HOUSE·30"H.J. VALVE CONTROL HOUSE 

DRAWN _€·~·!!·.::~I-~·----SUBMITTEO -#~~--:-- -___ ---
:~ TRACED -~:...A..:.': ____ ___ RECDMMENDEO.t:ff?,l'I(~-----

!_~ CHECKEojt"A/. ______ APPR0~1{.~CHiEi-2, ... ,.,~- - --------

:._Q DENVER,CDLORADO MAYI, 1958 711-0-46 

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



~-----

' : 
-·----5c5"----i 

,,-Sta. 21+63 
I<· ..• ·--- - ---- - ---- --- ------------ ------------ -44'-4"-- ----------- ---- ---· --- --------- ---- --- -- --- - ---1 

6·1 r-------f.-Outlet #/~~-:~------,o~ 4·---------.+---------10~4~-----~
1
,·

8:,,-£ Outlet 111 ---------! r- 6
" 

i ! ~l ,£ Outlet works - l ! 
• l<---5'...2~--~ • ii 
'F I : : ~ , ; : 

., ___ y __ T : 

•' ~,,. 
"" _, 
"' 

rr·· 
(--- -El. 5757.58 

--&Z_ 

For embedded trolley ti,JI ___ ~ ! 
beam anchor baits • ---~ 

' 

; }----r--~-----'-, "Q __ ,I..--El 5757.58- ,J... ---------7 -~-- +------- _________ ,__..2 , 

: -i--
1 

r- --- - I : : i 7 : 1 
: 1 r:r- __ J 1 • I , 1 : 

.,: H6" 1 I S? I I J 

_'Pll 111 -0) Iii: 
'l' 1 I , 1,J i 1 1 I .: 
, , 1 < - 1 1 j'---Metol/odder I : .? 
) : I I I : 1 I V ~ 
' I I I 11 ' I I -;- I' 

1 I I: I i I I : I I 

-1/· L~=::-_- j J_=-=$"=====~j-:_-:_-=_-::_-=_-_-_~-~ , tf-:j=--~-~~~~-·~::~o::{~.::-~--=--~Jj-
t / : , 1 , _.,_ 

1 1 El. 575Z42----1-- I , -~-Roof drain, ' <- J: 
'i::, '(·El.5740.00li: 'i.!, :!1 J, -:L f: 11 

'1 I I ·' • 1 I' , • 1 • , • 1 I • I I 
~ · «> 121 «-----· 8· 10 ---·-- 4 I<----- -·8·10 --·->i f-12 , I 

Ill : , • i ,. 11 11 11 I I I • ----5~6--- ----5-6----1 I I I I L\---.i'...J: ____ ...Jjt _____ , L------- __ J L ___________ µ 
' ! 

\ 

I '<>=--~- I ~- -~-: ~:---1-1---...4_: ---:-- i---- --- ----;--------t7 
I I: l ', 1 . I\ i Ii ~ I :1 I: I "" : I ,1 
I I I ' I · 1 I I 
I 11 , 1-1-1 . 11 I I I , , . I I . _,-·-E/. 5757.58---- -l-(- i 
I - -::i--_-::::=:::::::..-_-_-=.-=.. ==-=-=--=-=J L ---------=-i---:.·::__-::_-_-::_-_-__ 

b, 
ROOF' PLAN 

I. I I \ \ 

/ / / ,.---Construction joint Sta. 21+63 \ \ \ 
( ( ~---------------------1----------------------------~ \ \ I I I 1 
1 , , Er» 1 , , 

~, D l 1
1 i-<l c i,,A Outlet works 

1 \ : 

I I I I I I I 
r·--4'.8~-~-- +-f ----- -----· -- ---20'-8'--- ---·----- ---·-- -·-': 24· r--- -------------. --2d-s-"---·--------- -- --H---~ 

Metal ladder-,_ ! ! ! ! r--:sf75735.~~------'£----rt1----------------------1 ! it 
, I I I y ' , I I Jl 

I ~- \'--~:-:1r-8' 
;:., "" ~-t 

I 1tit::~ 
I 

: ' ' 

I
i \, ~-----P 

~: co.: 
' 'c:, 
~ : -.;, 
' : i 

l "' '('" l.f· ~ \ l -<J i , ,-· 
Ch : - DJ( '-
o/ ! .!? - ,/1 ~ 
:i:o~J/ 1 ~ ! ~, 0 Cf) 1,,,. ., \C') 

: t:: il c:::, 8 ? -= 
! \ "~ ~: ~ l'-J 
: I ~? >or c::: : 
: ' ....., C):.:: : 

, ! ~ °e 4·;8"t«· 
l l H -{-- ·.· 
! i ~ :.: 
_LL ____________ T _ 

,£ Outlet #2 
IP' 

",1/.~. 

------- '--, : 
: ;,- --. ~antral cabinet ' ,: ..--tr 

1
2·1nsu/ation/ L.i.. 

T' 
I 
I 

I 
I 
I 
I 
I 
\ 
\ 
I 
\ 
I 

' ,. 
Lr 
I~ 
I,• 
l"i' 
I : 
I• 
/ .. i.., .. 
I~ E,/:-
r 
' 
' Ri -.., 
I 

-•--·5-111-·--·-·-·--·- /0·9 ··-----•,-->!<-- -·--- 9·1/ ----- -'>+<---- -·-·-/0·9 ·--------->jc---·5·/1',--• 2 , L ,, ._ 2 
' " ! ' • ·-,,, i f ,I. \/f ·: ., ,'. : ' I" 

E > ---- ________________ --~Intermediate projected type 
' J metal windows, for concrete 

""' C · details, ~ee 40-0-3890 

SECTIONAL PLAN A-A 

~-------------------------------30' o" ----

SECTIONAL 

6"-:~--~---:~--~-!.-~~~~~-;~ __ :1_6" 
: i i ! , ,,varies '<2 •z 2-e ne zvM--}, 

' -6"crushed rock 

I
. 1 I r 
\ 6" crushed rock-·--. · 

, i . '<·l------- -- :------ ---"El 57/0 50· :~ i . . 
r ·eb ~ 

,;/j----------! I -~ \,, :}:: 
•. ::.: I ----,:,---

-! : =ch-
,-Sfo. 22 +00.~3 't, 

' I. I 

PLAN B-B 

E:~e::;,d
5
tflj:J·-~.; ·.e. -_-,_-_._,_ 0, \, • • ·_·.(Metal cover 

o···':: 

.. -._··)<--<-: .. _. 
·a· ." :~-.' . .- · 
: .. ·:·-· . ' 

~--9'!-~ 

SECTION G-G 

Embedded frame·,: 

,-Metal 

see 711·0·286 ·· · · • ·, 

-··-·· 8'-2·----->118" 

£mbedded frame---1' 

El. 5728.50--

0,,,1 

<o _, 
':-

i -'>f/2 
L .. 

L 
,.-·El 5731.50 7 

Opening to be 
closed off 
during 
diversion--· 

~ 
Stop log slot -----j:~ 

' I I ----l/!_8'~----

--4'.0~ -9" 

1 \I\ ...!Im·= .• ~._ -~,. ~:z-.;,,t--t-if1 .,-Pervious '\ 

Metal ladder<_,=.-.' ".' =,[~backfill---···' 

) }~Jf[f0 
El.5731.46·-. -- \ t...a Y / I l=== ___ 'L ___ v.d / ·/._· y 7 y,.,y ·/. ldJGL TI -9'' 

•-18" 
·" 0~ '] 6-{~,jl 

o.i 
Pervious / 
backfill ---·"-,, 

C-"\ 

SECTION D-D 

I 0 10 

SCALE OF FEET 

SECTION H-H 

NOTES 
For ge·nerol concrete outline notes see 40-0·5530. 
Far general reinforcement notes see 40·0·5586. 

REF'ERENCE DRAWINGS 
OUTLET WORKS-PLAN, PROFILE AND SECT/ONS _____ .. 711-0-43 
OUTLET WORKS STILLING BASIN ___________________ 711-0-49 
CONCRETE OPENINGS FOR WINDOWS AND DOORS ____ 4D-D-3890 
EM8£00€-0 HANDLING ANCHORS ANO PIPE SLEEVES ____ 7l/·O· 
72·/NCH RING FOLLOWER GATE ANO 72·/NCH 

HOLLOW JET VALVE - INSTALLATION---------_ ------111-0-290 

FIGURE 5 
REPORT HYO. 457 

Metal ladder--, 
...... ~ ... _ 

,·El. 5737.5 
/ ,:·6'Crushed rock 

SECTION C-C 

4-14-
D. 

;2-1t'B 
,-tl-'6 

o-J~ 

. ......... .__ 

VALVE SUPPORTS REVISED, NOTES ADDED, MINOR 
CHANGES TO HOUSE STRUCTURE 

MANIFOLD BLOCK AND HOIST ANCHORS REVISED 

MANIFOLD BLOCK CHANGED 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION 
COLORADO RIVER STORAGE PROJEOT 

SAN JUAN DIV.• NAVAJO UNIT·- OOLORADO-NEW ME XIOO 

NAVA,JO DAM 
OUTLET WORKS 

VALVE HOUSE 

::::";,.~:~:~:!~-~~:::~::-:.~::~-i!.ST~_-_:·_::-_-_-
OHECl<ED--_,G, .... __ __ h APPROVED ___ --Al}:~;;/~jf,if;---------

DENVER, COL.DRADO, AP"IL ~~, 1•0• 
SHEET I OF~ 711-D- 47 

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



l 
r 
i, 

! 
' 

f· 

Bolts for alignment 
anchorage to be set in 
manifold concrete--._ 

El. 5726. 88--

5'~~ ;<--­
:: 

Sta. 21 + 11. 73--. 

,, ,. 
:: 

~------

Construction Joint--

8 r 

Jocks-' 

--------- ----------30'-o"--

----ro'-10" --->11B"r<- --6'-3"->11a"1-<----ac11''---
, I : 

:-<7F 
-,12'i"2'-6<:r,:- --10'--2" 
i I ! I: 

---~ 

---~ ~-6" 

-----For details see 40-0-4303. 

For embedded trolley 
beam anchor bars see Dwg. 711-0-286 

6~~ ~--

: : ,,4 Ply built- up roofing 
: : :. with gravel surfacing. 

El 574 7 so--,.__ 

, '" .. ,.,T 

SECTION E-E 

A 

7 

,-El 5731. 50 

··-Sta 22+00. 73 
,-4'-o"-, 

8 
l7 

-•El. 5711.001 '··contract,on jt 

,-El 5704.25 i ___ '{_ 

y_· . .• ,-
5

::,£_/ .. 5701.25 

)' ,- -
_.\!. 

El.573146·--­

,,6" Crushed rock 

El. 5731. 50---"--.... :,s~~,~~-~"l:K 
\ 
' '" ,, 

- Pervious 
backfill\ 

' 
,_)I 

': f Batter--
,-,.-, i 

Assumed 
rock line-'-

' 0 ,o 

SCALE OF FEET 

I -, 

J,2'~~ 

T -
. 

' . 

BEAMS GIRDER 

4 ~- -- -

---------2/'-B"--­

Out let works 

---~ 
--- -- ~ ~-6" 

,, 

ii 
(-Vories from 5" tu 7' 

-,;i= 
3'-0~ ',, 
'o,,., •,----1--,. '"'"",;'" 

.+ 
Snatch anchors<(' I 

\l 
\i 
-i-

\, 
, ..... ,'; 

FIGURE 6 
REPORT HYO. 457 

/-Pervious backfill", 

SECTION F-F 

·-2" Insulation -,· 

COLUMN 

'~\ 
' 

·.o_. -~--/~.-~-. \!:ii.:) 
-: t :·ui,_._~. 

-•}tfzlt\_,_.~\ .. . 
' . . ·. . ~- : .; ~ .... . 

. <1"11,,·,. 

::~:/ 

~ ::;:; 

PILASTERS 

/:1--., 

NOTES 
For notes and reference drawings see 711-0-41 

VALVE SUPPORTS REVISED.MINOR BUILDING CHANGES 

HOIST ANCHORS REV/SEO 

MANIFOLD BLD(;K CHANGED. AN(;HORS ANO OIL TANK AODED 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION 

COLORADO RIVER STORAGE PRO.JECT 
SAN JUAN DIV.-NAVA.JO UNIT--COLORADO-NEW MEXICO 

TYPICAL REINFORCEMENT DETAILS 

NAVAJO DAM 
OUTLET WORKS 

VALVE HOUSE 

;:::;;_--~~-~~::~~~~;~::::::d_~7~~--~~=---
CHECKEO __ ~.! --- - __ APPROVEflt:CH,EF.~-~~i~ -- - - --- ---

DENVER, COL.ORAOO, APRIL. 122. 1958 
SH££T 20F2 711-0-48 

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



•' co _, 
a 

"' I 

r--, 
I 

: 
' 

I 
I 

j ___ _ 

Metal seol,see __ _ 
Detail X-----

EI. 5704. 25·-- --

I 
I 

<78 

21, 3• ' 5" 
r'~~-~ --6~-Drai;s _;ith--=r----2'-2•-- --•-

-12" open Lain~ · 

· ·-------5" Stoppers------
.•.. -8" Drains with 

open Joints 
.l 
'­,, 

''48" Chain link fence 

' 

~ 

<7C 
I<- --- - - 25'-o" -- ______ ,., 
I ' ' IQ I 

., I 

", : 
I 
I 

'f --r---1 
I 

i ___ f 

I I 
J4i)"1 
+ I 

L ..... ,,c,· ±f : ,,,. 7. 
.e+------- _____ ,.- _ I I 

\!, f''•76"x 8" Daub~0_---;:-cc_- · ,---, I 8'x8"Double tees<---· 

''r6"x 8" Double tees \ 
' I 

'8" Drains with '<h ' 
1
/ tees--- _";":,.\ 1

1 

?, I 

· · t "' <:>"' - I "o, ,._ open ;oms-, : : -, ]__ 
1 
~ I --€ Outlet works 

I ~-, \' I : ~~ I i+i---~-----
. ' ' - . "' _.>f. 8" Dram ! ' •: '<\,, ' I .'." I 
: 1 • ,---- outlets,.: ·l ?--y_ 1-.,1 

· ' 8" Drains with ' 'O : "" ¥' <::> ' I ' 1/ --l,, 1 -1 J -. \ I 1 ! open Joints- --- , ! ~ : , -, -r 1 

r , 6'i _ 3 _ _____ 1 i.o --~*il\f'-+t-t-• T= " : - l. I I 
9 o;,;;~:,::s t 1:~~6'~St~:;;;;S·---~~~~2:~ - \ : ___ .---6" Stopper 

<Jc 
6'0'-

I 
I 
I 
I 

t2'l 
I 
I 
I 
I 
I 

: 
I 

' : 
' 
' ' ' ' ' ' 
~ 

~ 

: 
' ' 
' ' -- ' ., 

"' _, 
"-

! 
I 

I : 

'··8" Stopper 
" ,., _, 
5¥ 

'··El. 5678. 00 -----
I : r-··r··Et. 568' .oo :·--1 

I I i 
I I ' 

':_--.·,P Im 4/; 

--.-. ____ Pervious 

Assumed rack 'tine_~~L______ backfill---e 

_jA 

Final position-.. 

1:t or as \,1 2 
directe11----· 

: .. ,·~-~-- ~ 

-~·:;D·:::~\-~:: 
~-.... ·_~,~~ 

12~ 
' 'f\}-Metal seal Joints 

,.:::;;_
4

,,,1 ' ta be brazed 
]~4fy·_ 
·-.~. ·1u. ~-, 

I I Sta. 24 t 06. 20--~ 

-L_j4_J_s ____________ P_L_A_N ______ -+\---------'L----S-t_a ___ 2_3_t_5_6-.2-0---_-_-_-_-_-_,...-i~----_ -- - -- --- ---- ------
5

o· o·~--- - - - -- ______ J rf/(t 
DETAIL X 

\j_ 10 
I 

,. 
I 

SCALE OF FE ET 

•p ' 
' 

k- - ------ - --------45' 5 s• -- ---- -- - -- ----~ - -- ------ - -- -- --55' o" - ----- ----------------~- -- -- -- - -- ---- - --- -55' o" - -- -- - ------- ----_J 
I 8 j ' ' • \ II 
~ - -- ---- -- - ------- ------ - - ---- -- - --------- t<· - - - - - ----Contraction ;omts- ----- - - - ------ - ---~------- -- ----- -------- --- ----- -------- - --- -----~ 

'.;<-----Sta. 22-1-00.73 ~---Sta. 22-t-46.20 : : 
/<--IO~OH-->1 ,,..--El.5731.50 i " ' 1 

117-7;---:---=-T~mr--.---- ;;··· --48 Chain link fence 
, . .- : s· 

:--·,,-E1- 5724. 00 

-----Et. 5724.75 .. .J-

r---,_------- , El. 5715,00-, i ----.::: ,Metal seat ,n 
2

" 
·--t6°tof~ -7 \ sidewall only. -t 

-~: 

~ 

,-Top of backfill El 5725.0 
. ---Et. 5728.00 

_3 _______________ ~ ___ 

--­;r--...__ 
/ ---Surface of riprap-----' ' 

,--Et. 5704.00 , t!." Batter on outside face of 
J_ __ _____ \ 2

_walls below .f_l 5704. oo 

,-8" Drain outlets with 
" calked Joints 

-,,, __ 

c_)\ 
y 

---------------------
~%':~ 

-;,-_ 

'-1E' Batter on 
2 

outside face 
of wall--·-. 

1
', rt, 

', -- ~ 

---- ----

~Et'.'. 
~L?·.~, 
I~\, :,p·_._·.:: 

,~· ~f:H.iteoowels@t2" 
.j)<: ,./, · .. • 

'--contraction Joint 
, - . ··--8" Single tee 
·--8" 30° Cut curve 

SECTION E-E 

------

--
---------- Sta 24 +06 20-->4 J'R1prop over 1a" grovel bedding, 

...______ _,_, 6'o" ~- see note * !"----Sta. 22 +46.20 
'-. i : Dwg. 7//-o- 43-. Anchor baits--. -f. ,--Training wall 

'- ' 12" ' f-, ' . • ' ' --- ~--.J: ~(El.~,_/ [1?)?}.{,@'t'il."). >-"l ,-·fi Outlet works 
- ----- ~! 

El 5688.33"-. 1!--­J __ w, 
"' 

VCN"ies fromti"o! :_'.:·-l------3"P/anks temporary 
El. 5715.ao. to 21 ::..c :'L,.; protection dunng 
of El. 5697. 50-: diversion. 

SECTION F-F , -_- -- \ -fl'Lt-2"5" -~ - hor bars ,n ---Sta. 22+ 46. 20 

~2~11; ~tJ0.: u O; #Jc_,;;.--,/ --
r:)' 

1 ----:-+- ,-#11Anc c "crs. 
1 -- ----4 I,, cutoff@so, 
1- - ~---- - I embedded 8 •. , 

,--Burlap into rock. R. =6"-·-~ ~ 

~-,z''...~"\ 

Con::ui~~/:;d- ___ ,,'..1 
·-·-5" Drain with 

open Joints 

' ' I 
_/ 3'~-

__ .,,, Crushed rock i~--~­
or grave/----- -, ' \ 

ea. way embedded 
81 into rock--------

DETAIL Z 
SECTION A-A 

6" or 8" Drain "> __,-: 
with open Joints/ 

··-continuous lean 
concrete pad 

DETAIL Y 

Distance variss 
from 4'-7f at , ,.~~ 
El. 5697. 50 to 6·9s 
of El. 5678.00----------- SBCTION G-G 

2-10-59 I ANCHOR /JAR 0/MENS/ON ADDED 
o. 

~''7 
: 

FIGURE 7 
REPORT HYO. 457 

1 _-EI. 5704 00 

--Drill holes @S-o"crs. 
ea. way and grout 
bars in place 
after diversion 

~
--------20°8'~-----\ :12" 

. :: . El. vanes---. : : 
Symmetncal ___ , ~~~-;: , _ 

about { · 1 1:· Batter- • .-:. ___ c _, .--Elev. vanes 
2 . \ 

:-. \ 
:·: ____, .•. 

3co" Riprap over ta" 
gravel bedding) 

' (El. 
) 

I I I 
h+---l--1 . 

' ii, ' " : -~ I rc-2-6 
--!--------Varies------------>< 

"·--#11 Anchor bars----------7 

SECTION C-C 

NOTE 
For general concrete outline notes, see Dwg. 40-0- 5530. 

REFERENCE DRAWINGS 
OUTLET WORKS-PLAN, PROFILE ANO SECTIONS .. __________ 7{/-0-43 
OUTLET WORKS-VALVE HOUSE _____________________ 7fl-0-47, 48 
OUTLET WORKS-DIVERSION CHANNEL-MANIFOLD BLOCK-

TUNNEL ACCESS ANO CONTROL HOUSE_ ___________ Jlf-0 -46 
IO-tD-59 
o 9Dv. 
B- l!J,-58 

D. U. 
,-21- 58 

W;_ 

DENT ATES ANO END SILL ADOEO. MINOR CORRECTIONS 

(;ENTER WALL PIER NOSE (;HAN6ED 

STILLING BASfN LOWEREO 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION 

COLORADO RIVER STORAGE PROJECT 
SAN JUAN DIV. -NAVAJO UNIT-COLORADO-NEW MEXICO 

NAVAJO DAM 
OUTLET WORKS 

STILLING BASIN 

DRAWN __ ':!.-~-~::ff.!:g.__susM1TTEo_XC:.6f~-----------

TRAcED----!!.J.....;. ____ R£CoNMEND/;[6f'~~--------

CHECKED_jf/J{ _~ ___ APPROVED ____ ~~?1Jrt&~·,;.5-
8
,rAHCH -- -- --

DENVER. COLORADO, MAY t, tStJS 711-D-49 

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



Recommended Permanent Outlet Works Basin 

NAVAJO DAM 

1:24 Scale Model Used to Develop 
Diversion and Permanent Outlet Works 

Stilling Basins 

Figure 8 
Report HYD 457 

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



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 

Figure 9 
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A Diversion Channel 
Looking Upstream 

C Stilling basin looking upstream 

Figure 11 
Report BYD 457 

B Diversion tunnel outlet portal 

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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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 

1:24 Scale Model
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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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A. Tailwater Elevation 5716 

Figure 17 
Report HYD 

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 20 
Report HYD 457 

A. Scheme #5 
Six 12 11 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 11 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 567 8; 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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NAVAJO DAM 

Figure 21 
Report HYD 457 

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

B. Scheme #7 
Same as Bin Fig. 20 

C. Scheme /18 
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. 

Modified Diversion Basin Designs--14. 500 CFS in Discharge Channel 
1:24 Scale Model 
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Looking Downstream 

Side View 

Side View - T. W. El. 5723 

Side View - T. W. El. 5714 

NAVAJO DAM 

Figure 23 
Report HYD 457 

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

NOTE 
For 14,500 cfs and T.w. El.5

pressures at all piezomet
are atmospheric or abov

RECOMMENDED CENTER WALL PIER NOSE DIVERSION 
1:24 SCALE MODEL 
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NAVAJO DAM 

Figure 25 
Report BYD 457 

A. Stilling Basin 

B. Discharge Channel 

C . Erosion after one 
hour model operation 

Recommended Diversion Basin - 14, 500 CFS 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. 5718 

T. W. El. 5713 Discharge = 7,250 T. W. El. 5721 

T. W. El. 5714 Discharge = 10, 875 cfs T. W. El. 5722 

NAVAJO DAM 
Flow Conditions in the Recommended Diversion Basin 
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Note: 217 feet of head at valves 100 percent open 

NAVAJO DAM 

Figure 27 
Report HYD 457 

Recommended Outlet Works Basin--4580 CFS--Tailwater Elevation 5709 
1:24 Scale Model 
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Note: 210 feet of head at valves 100 percent open 

NAVAJO DAM 

Figure 28 
Report HYD 457 

Recommended Outlet Works Basin--4580 CFS--Tailwater Elevation 5711 
1:24 Scale Model 

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



Note: 217 feet of head at valves 100 percent open 
Water surface fluctuation at tailwater gage is 0. 8 foot 

Figure 29 
Report HYD 457 

NAVAJO DAM 
Recommended Outlet Works Basin--4680 CFS--Tailwater Elevation 5714 

1:24 Scale Model 
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Note: 217 feet of head at valves 100 percent open 

NAVAJO DAM 

Figure 30 
Report HYO 457 

Recommended Outlet Works Basin--4680 CFS--Tailwater Elevation 5723 
1:24 Scale Model 
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Note: 27 8 feet of head at left valve 100 percent open 

NAVAJO DAM 

Figure 31 
Report HYD 457 

Recommended Outlet Works Basin--2650 CFS--Tailwater Elevation 5711 
1: 24 Scale Model 

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



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

NAVAJO DAM 

Figure 32 
Report HYD 457 

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. El 5711 

B. Same as A 

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

D. Same as C. 

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

NAVAJO DAM 
Recommended Outlet Works Basin - 2,340 CFS 

1:24 Scale Model 
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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 Outlet Works Basin--Scour Tests--4, 680 CFS 

1:24 Scale Model 

Figure 34 
Report HYD 457 
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