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Eydmulic -el ehdies of Navajo Dam diversion slrd outlet mrhe structure 
were conducted on a 1:24 scale model t@ develop the bydxaullc d e s i w  of 
the temporary and permanent stilling basins. During prat,at;ype C O ~ ~ I U C -  
tion of the lower portioxle of the dam, the parti* completed outlet 
~ 0 -  basin w i l l .  be used temporarilyh an energy dissipetor for diver- 
sion flows discharged - the 18-toat, 9-inch-di-ter diversion 
tunnel. Latar, second-stage concrete wLU be added to  the divemtm 
basin t o  convert it t o  the pemmerit outlet works st-g basin. ~~ the PrmBPent outlet mrks will be controlled by 
tU0 72-bch hollow-jet valves. , I  

Performance of the diversion fldr model shoved the general concept of 
the  pre lhhary  design t o  be sstisfactory. However, it was I?- 
desirable t o  add dentile t o  t h b  sill located a t  the e U  of ths hori- 

end to lover the:'elevat5m of the basin apron 2 feet t o  
pment  t h e  design f low of 14,500 cfs frm sweeping out o f  the bash 
Ylthout the formation of a b$&aulic jump. It wm3 necessary t o  
e l w t e  *nrpZ slope changes In the floor betwea the tunnel outlet 
P O W  basin apron: llhis l a t t e r  mdif'lcation eUminatc6 the 
subs-spheric pressures found t o  'be sufYicieatly large in fhe 
P=- b i g n  to cawBe cavftation erosion on the flow surfaces. 
A pier nose uas added to'the center dieding usll to e-te ' 

emeesive epuhing  t o  protect the center waJJ. h -erasion by 
debris and by capitatian. An e& sil l  wss ins=& at the d m -  
&== - of the sloping tmnsition apron to  reduce the 
f-enc~ t o  scour thel'dischsrge channel at the end of the slopixlg 
apmn. 
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the basin at a velocity of 52.5 feet per second fmm sn 18-foot, 
9-inch-di~me1;er concrete tunnel. 5 e  ~IOW faUs 38.5 feet through 
the expading diversion channel chute from the p o M  inverb t o  the 
st IU iq j  basin apmn in a horizontal distance of 143.76 feet. !be 
still in^ baain apron is borizonW a t  elevation 5678 and is 37 feet, 
2 Lnches wide by U O  feet long. Along the center line, a dividing 
wci l l  37 feet high extends 55 feet dovnstream from the upstream end 
of fhe horizontal apmn. me st i l l ing basin training wJls and a 
1 on 6 upward sloping concrete apron extend 50 feet into the disehage 
chaunel. 2he discharge channel i s  600 feet wide and extends downstream 
from both spillwe~y and outlet works. 'Ibe r i p r a m  charmel bottm i s  a 
continuation of the sloping ap*, and elopes upwan3 t o  elevation 57lO. 
Inor the desi- flow of 14,500 cfs , the -charge channel may not be 
campletely excavated and the fail water may be as high as elevation 5723, 
43 feet above the apmn. After eonstrocfirm m~terials have been 
excavated frcrm the discharge channel to  f inal  bed elevation 5710, the 
taFl water may be as low as elevation 584, 36 feet above the apron, 
for the design flow. 

After the auxiliary outlet mrb has been constructed, the diversion 
structure wilJ. be converted into the germanent outlet works structure. 
5 e  pemment outlet wrlvl is designed t o  discharge 4,680 cfs thm- 
two 72-ineh hollow-jet valves ?s t0  a hi& head s t i l l ing  basin of a 
special type. Each valve discharges the  flow^^, at an angle of 
24. t o  the horizontal, between two converging wrrlls placed on a 
30° sloping floor joining the horizontal. s t i l l ing basin apron. 

Ihe part of the temporary basin downstream from the converging walls, 
Station 22-tM.20, inc1uding the discharge channel, does not require 
lnOdLIication for  use as the permagent outlet wo* stFUing basin; 
upstream f ram Ststion 22+46.20, the modifications =quire the additim 
of the special features used i n  the permanent basin. 

!llB3 MODEL 

A 1:24 scale rmdaek, Figures 8, 9, 10, and U, constructed and tested in 
the Bureau of Reclsmation laborafories at Denver, Colorado, usedto 
dewlop the des im of the diversion end pemanent outlet works st- 
basins. The model was first crmstmcted to  represent the diversion 
outlet wozka stLUFng b a s h  structure, including the downstream portion 
of the diversion tunnel and about 100 feet of discharge eharmelbeyo~ad 
the downstream end of the concrete apnon. 



me rloor and l e f t  w a l l  of the basin. The r ight  w d . 1  of the basin 
contained two glass panels t o  observe the hydraulic action within the 
basin. The center dividing wall w a s  made of sheet metal t o  prevent 
warping 

The diversion tunnel was simulated by a 9-3/8-inch-inside-diameter 
sheet m e t a l  pipe about 9 fee t  long. The pipe was connected t o  the 0 
12-inch water supply piping by means of a 3-foot long transi t ion 
section. Discharges were measured using calibrated venturi meters 
permanently instal led i n  the laboratory. t 

'Fhe discharge channel downstream from the beoin was molded i n  sand t o  
provide a movable bed fo r  scour t e s t s .  The tail-water elevation was 
controlled by means of an ad justable ta i lga te  and was measured by use 
of a s t a f f  gage located on the w a l l  of the t a i l  box, Figure 8. 

After completion of the diversion works study, the model was converted 
t o  represent the permanent out le t  works. The diversion tunnel was 
replaced with a manifold and two supply pipes, one for  each of the 
hollow- j e t  valves, Figure 8. (1n the prototype, the supply pipes are 
instal led i n  the diversion tunnel. ) m e  valves were of machined brass 
and were operating models of the 72-inch prototype valves. They could 
be opened or  closed t o  any desired opening. Ihe 30° sloping floor 
and the converging walls were made of t reated wood. 

TBE IlWESTIGATION 

The primary purpose of the investigation was t o  develop the hydraulic 
design of the outlet  works s t i l l i n g  basin fo r  diversion and permanent 
outlet  works flow. In  aurlyzing the requirements for  the two types of 
s t i l l i n g  basin, 14,500 cfs  a t  l o w  head fo r  the diversion basin and 
4,580 cfs  a t  high head fo r  the permanent basin, it was thought tha t  
the basin required for  the outlet  works could be adapted for  temporary 
use as the diversion basin. Ihe purpose of the t e s t s ,  therefore, was 
t o  find a basin which would perform adequately for  diversion flows and 
which could be modified by the addition of appurtenances o r  second- 
stage concrete t o  provide optimum performance for  the permanent structure. 

Preliminary Basin for Diversion 

?Pie preliminary b a 8 i n . i ~  shown i n  Figure 12. The shape and s ize  were b 
influenced by the requirements of the permanent basin; 4,580 cfs  
discharging from two 72-inch hollow-jet outlet  works valves a t  high 
head and tail-water range between 5711 and 5715. However, the diversion 
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me perPormance of the diversion baain in discharging 14,500 cis  is '> shown i n  Figure8 1 3  and 14. Ihe t e s t  data are summarized in llable 1. 
A t  tail-water elevation 5717, the hydraulic jump was swept out of the 
upstream portion of the basin. Complete sweepout occurred a t  tail- 
water elevation 5714, and a considemble amount of splash occurred 
which was caused by the high velocity Elow striking the upatream end 
of the center die- Scour i n  the movable bed was quite severe, 

15. For tail-water elevation 5 8 3 ,  waves were appmxhatelg 
6 feet hi& at the tail-water gage. me basin, therefore, d * ~  not 
perform aatisfactorLly within the expected tail-water range for  the 
de~lign flow. . . 

Pressures were measured beneath the jet and on the center dividing w a l l  
at the piezometers shown i n  Figures 10 and U. For 14,500 cis, pressures 
were considerably below atmospheric at Piemmeters 3, 5, 10, U, and 16. 
Pressures st Piezometers 3 and 5 were sufficiently lov that cavitation 
could occur in  the prototype, 'Igble 2. Piezometers 3 ryd 5 are located 
in the floor of the diversion channel, just downstream from the abrupt 
changes in slope. Piemmeters 10 and U are on the side of the center 
dividing w a l l  near the upstrean edge. 

c; 
Piexmeter. 9, 12, and 16 shoved less severe swtmbspherie pressures. 
Piemneter 12 is on the basin floor immediately downstream fmm the s lo t  
at the upstream end of the basin; P i e z m e r  9 is downstream fmm 
Piezometer 5; aud Piemmeter 16 is on the rim -teu down- 
stream fmm the station at which the walls begin t o  flrrre. L... --- ,... 
-.in Scheme No. 2 

To help keep the  jumg i n  the basin a t  low. tail-water elevations and t o  
reduce the scour in the discharge cha,nnel, dentils were i n s u e d  on the 
sill at the domstream end of hoezontal apmn and an end sill was plsced 
at the dounstmam e ~ d  of the  slop* apmn, Figure 16. !b reduce the 
splash and t o  pmtect the upstream end of the ceater dividing w a l l ,  a 
pier mse and a floor s lot  f u e r ,  both shown i n  ~ i g n r e  16, were 
installed. To reduce subatmospheric pressures douastrem fznm the 

slope changes beneath the jet, the intersecfiopls were rounded 
t o  the extent shown by the radii in ~ igure  16. 
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and l& tail&ter elevations, Figure 17, was impro&d, Tsble 1.  or- 
tail-water elevation 5723, the pressure at Piemmeter 10 was abwe 
atmospheric, Tsble 2. For tail-water elevation 5714, the splash was 
eliminated; however, the subatmospheric p ressm a t  Piezometer 10 was 
20 feet below atmospheric as compared to  9 feet in the preliminary 
design, Tdbles 1 and 2. Ihe subatmospheric pressure was less in the 
preliminary design becawefthe blunt upstream end of the center wall 
caused the flow t o  break away from the sides of the center wall and 

.-c 
some ventilation between the flow and the wall occurred for low tail 
waters. Ihe tail water could be loweredl 1 foot more than in the 
preliminary design before weepout occurred. A t  -1-water elevation 5716, r 
tbe flow swept out of the upstream portion of the basin, and at 
elevation 5713, the jump was wept completely out of the basin. A t  
tail-water elevation 5114, before the tail water was lowered t o  eleva- 
tion 5713, the jump moved out of the bash, but "hung" on the sloping 
apron a t  the downstream end of the basin. !Ibis was not satisfactory. 

In the range of the expected tail water, elevation 57lb t o  5723, scour 
in the discharge channel was reduced considerably fram that which 
occurred with the prelhinary basin. 9he reduction i n  scour was due 
primarily t o  the addition of the end s i l l  on the sloping apron. The 
sill  was therefore, used in  831 other basin schemes tested (except 
Scheme 31 and is recommended for the prototype. 

Ihe arcs joining the slope changes on the floor beneath the jet were 
made successively greater by increas- the arc radius. !5e upstream 
curve wss the more cri t ical  because slibmergence by the tail water 
helped t o  reduce the m t d e  of the subatmos@heric pressure at the 
lower arc. A t  the  upper slope change, the subatmospheric p=ssure 
was reduced fmm 22 feet, with no rounding ;of the intersection, t o  
7 feet by using a 42-foot radius arc between the two slopes. Radii 
plotted versus pressure a t  Piezmeter 3, ~ g u r e  18, showed a stmight 
l ine relationship. Extmphtion of the straight line indicated that 
a &-foot or more radius would be required t o  ~ ~ t e  the substnos- 
pheric pressure. 

!T!o *rave the performance of the basin still fur&er aPd increase the 
J 

factor of safety against jump sweepout, Scheme 3, Figure 19, the basin 
f2oor was -red 2 feet t o  elevation 5678. Ihe center w a ~  pier nose 
and the floor slot f i l l e r  in Scheme 2 vere used, but the denrtils on 
the dentated s i l l  and the end sill on the shoping apron were removed. t 

B e  floor beneath the jets was replaced; 4 planes instead of 3 were 





other modification tested, and t& design flow did not sweep out of- 
the upstream portion of the b a s h  until the tail water had bed2 
lawered t o  elevation 5712. Because of the relatively hi& elevation 
of the movable bed, it vss not possible t o  l k r  the tail water below 
elevation 57lJ. t o  determine the elevation a t  which complete .sweepout 
would occur. 'However, the safety factor againat sweepotrk #as cansidered 
t o  be sufficient since the prototype discharge channel bed was t o  be a t  -4 
elevation 5710 or above. Because the juzup stayed in  the y t r e s m  - 
portion of the basin for even l aw  tail-water elevatioas, the.aubatmo8- \ .  

pheric pressure at Piezameter 10 on the side of the center wsll wss 
reduced from 24 feet t o  14 feet of water. l h i s  scheme was not w e d ,  t 

however, becawe it was feared that timbers placed on the floor might 
cause a e  to  the basin floor by cavitati on emxion, and by debris 
swirling around on the davnstzxxm side of each tinbe?". 

In Scheme 6, the timbers were relocated, this time on the sloping floor 
so that ~ D Y  possible cavitation damage would occur in the ternpow 
structure tam2 roulcl be coveredby second-stage concrete when %he diver- 
sion works was converted t~ the outlet works. However, the tbbers  were 
not as effective i n  this location and, also, it was doub&Ul. that the 
tinibem could be fastened securely enough t o  prevent being torn loose 
by the force of the oncanhag fl&. Figure 21, s h m  the downstream 
flow conditions for %his scheme. 

In Scheme 7, the 12- by 12-inch tinibere were replaced by four stream- 
lined baf'fle piem on the  basin floor a* the downstream end of the center 
wall. Ihe hydraulic performance of this basin discharging the design 
flaw at tail-=tee elevation 5 7 l 2  is s h m  in Figures 20B end 21B. Ihe 
baffle piem were effective in holding the jump i n  the basin for tail- . ," 
water elevation 5714, but were not as effective as the tinibers. 
Pressures on the side of the center wsll a t  Piezometer 10 were 20 feet 
below atmospheric. 

!Lb mve the jump farther upstream in  the basin for tail-water elevs- 
tion 5714, and thereby reduce the lPecgnitu3e of the subatmospheric 
presswe a t  Piemneter 10, Schemes 8 and 9 were tested, Figures 20C, 
21C, sad Bble 2. In Scheme 8, five 32- by 12-inch tinibers on the 
app:rosch slope were used along with the four streamlined baffles a t  
the downstream end of the center w a l l .  In Schene 9, six sqwre-edged 
dentilj3 were used on the sill a t  the downstream end of the horizontal I 

apron h t e a d  of the five l.2- by l2-Fnch tinibera in the approach. In 
both of these acheme6 -the . juqp move? -rpstream, and the s&atmospheric 
pressures on the side: of the center w a l l  were impmved. However, the b 

tinibem in Scheme 8 were ob,jectio&le for  the reason discussed 
prevlausly, and the baffles in Scheme 9 were objectionable because 
of the subatmrOsphe~c p&ssures that were found onC'them. For the 
diversion flow of 14,500 cfs, pressures were as low as 28 feet of 
water below atmospheric, Figure 22. merefore, in Scheme 10, only the 
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six square-edged dentils on:$he intermediate s U  were used. For tail- .."%;' 

water elevation 57l4, the jump occurred farther dovnstceam in the basin/;""-' 
than for Schemes 5, 6, 7, 8, or 9, Figures 2OD and 2LD, and a b l e  I, :$ 

but overall performance was considered t o  be satisfactory. Eowever,"the 
s u b a ~ s p h e r i c  pressure problem on the side of the center w a l l  a t  
Piezometer 10 remained to  be solved. 

Recommended Basin for Diversion 

!be  recommended'ischeme, Figures 4, 5, 6, 7, and 23, is identical t o  
Scheme 10, except for the shape of the center w a l l  pier nose, Figure 24. 
The pier nose was reshaped t o  improve the pressures on the-side of the 
center a. As a result, atmospheric pressure was recorded on the side 
of the center wall a t  Piszometer 10 for  the design f l o w  of 14,500 cfs 
with the tail  water a t  or below elevation 573.4. For ta i l  waters above 
elevation 5714, pressures were above atmospheric. It was recommended 
that the portion of nose subnerga in the oncoming flaw be care- 
constructed of concrete t o  pmvide a smwth surface and a smoth joint 
where the pier nose joins the center w a l l .  !he portion of nose &we 
water may be constructed of timber to  any reasonable shape, since its 
only purpose i s  t o  provide pmtection .to the center w a l l  from floating 
debris. EventuaLly, the concrete portion of the.pier nose w i l l  be 
buried by the second-stage concrete, so that it is importapt that q 
w e  which ml&t occur, whether from cavitation or impact, be confined 
to  the nose i tself .  

Tvo piemmeters were installed on the concrete pier nose, Piezometer. 13  
and 14 on Figure 24, t o  determiae whether s&atmospherle pressures 
occurred on the pier nose. Pressures were found t o  be above atmospheric 
and no cavitation should occur in the prototype. 

Characteristics of the hydraulic performance of the recommended d e s i g ~  
are recorded i n  %ble 1, W flow conditions are shown in Figures 23, 
25, and 26. Ihe magnitude of the movable bed scour i n  the reconmended 
design was much less than in the preliminary desigu, compsre ,,IYgure 25 
w i t h  Figure 15, and vss considered to  be satisfactory. Hmrer ,  it is 
momended that the prototype discharge channel be riprapped as shown 
in Figure 7. For discharges less  than the design flaw s h m  in 
Figure 26, the operation was satisfactory i n  all respects. 

Recommended W i n  for Gutlet Works 

me recommended basin for diversion was tested for use in the outlet 
works. Second-stage concrete was eddedto the diversion charmel as 
shown in  Figures 4, 5, 6, and 7. The model of the recamended design 
is shown in ~igUre 8. 
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With both 72-inch valves operating fully open, the ou t l e t  works is 
designed t o  discharge (1) 4,580 c f s  with 210 feet  of head a t  the 
valves and t a i l  water a t  elevation 5711, and (2) 4,680 cfs  with 
217 feet  of head a t  the valves and t a i l  water st elevation 5715. 
For emergency operation with one valve open 100 percent, the outlet  
works is designed t o  discharge (1) 2,710 c f s  a t  a head of 308 feet  
with the tail  water a t  elevation 2715, and (2) 2,650 cfs  a t  a head 
of 278 feet  with the t a i l  water a t  elevation 5711. 

The hydraulic design curves given i n  Hydraulic Laboratory Report 
No. Hyd-446 were used t o  obtain the basin dimensions for  each of 
the above operating conditions. The curves show tha t  when 4,580 
cfs  is discharged a t  maximum head with the t a i l  water a t  elevation 
5711, the basin should be 102 fee t  long by l6.25 fee t  wide (per 
valve) and the horizontal apron should be placed a t  elevation 5681. 
For 4,680 c f s  with the tai l '  water at elevation 5715, the basin 
length and width should be the same, but the apron should be placed 
a t  elevation 5685. For one valve discharging 2,710 cfs  at maximum 
head with t a i l  water a t  elevation 5715, the apron should be U 5  f e e t ,  
long by 17 feet wide and should be placed a t  elevation 5680. For 
one valve discharging 2,650 cfs  and t a i l  water a t  elevation 5711, the 
apron should be 111 feet long by 17 feet wide and a t  elevation 5678. 
Each of these basin designs w i l l  give optimum performance for  the 
corresponding design condition. 

Obviously, it is impossible t o  provide the best basin fo r  each of the 
above operating conditions; it is, therefore, necessary t o  compromise 
and choose a basin tha t  w i l l  perform well fo r  the mst usual operating 
condition and sa t i s fac tor i ly  for the others. Ihe most usual aperating 
condition w a s  considered t o  be Condition No. 1 for 2-valve operation 
which required a basin 102 fee t  long, 16.25 fee t  wide, and apron a t  
elevation 5681. 

For diversion-flw requirements, it w a s  recommended tha t  the main 
position of the basin be 110 fee t  long by l6.54 fee t  wide with the 
apron a t  elevation 5678. This basin is longer and wider than required 
for  the permanent ou t l e t  works and the apron is 3 fee t  lower. However, 
the length and width are within practical limits,and the t a i l  water 
depth i n  the basin i s  not excessive t o  the extent tha t  it impairs the 
operation of the permanent out le t  works. The basin was tested t o  
determine i ts adequacy for  permanent outlet works operatfon. Par- 

, t icular  attention was given t o  the deeper than necessary t a i l  water 
and the effect  of the extra length. 

S/Byd-446--"Hydraulic Design of the Hollow-jet Valve S t i l l ing  Basin," 
by G. L. Beichley and A. J. Peterka. 
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Ihe out le t  works discharging 4,580 cfs  in to  the basin with the t a i l  
water a t  m i n i m u m  design elevation 57U is shown i n  Figure 28. The 
performance was nearly as good as for  tail-water elevation 5709, but 
as  the t a i l  water was raised above t h i s  point, the performance became 
poorer as shown i n  Figures 29 gnd 30 for  4,680 cfs.  !he energy 
dissipating action w a s  l e s s  ef f ic ient  as  indicated by the turbulent 
boils  which extended downstream into the discharge channel. However, 
the performance shown i n  Figure 29, which is also a design operating 
condition, is  satisfactory; the performance shown i n  Figure 30 i s  
considered satisfactory for  emergency operation. 

Tvo other emergency operating conditions using only one valve are shown 
i n  Figures 31 and 32. Here again the lower t a i l  water provides the best 
energy dissipating action and the smothest water surface i n  the dis- 
charge channel. The performance for both opera t iw conditions is sa t i s -  
factory for  short operating periods. 

The complete range of possible discharges and corresponding tail-water 
elevations for  2-valve operation w a s  investigated. Photographs showing 
50 percent of the design flow dischargiq  through the valves 50 percent 
open, and through the valves 100 percent open, with tail-water eleva- 
t ions 5711 and 5723 are given i n  Figure 33. O f  these operating 
conditions, maximum head witb minimum t a i l  water, Figures 33A and 
33B, produced the roughest water surface. However, the water surface 
w a s  smother than for  the design flow, and movement of bed material i n  
the discharge channel was negligible. No other hydraulic problems were 
encountered. 

Scour i n  the discharge channel was investigated i n  t'he mde l  using an 
erodible sandbed, Figure 8. For 2-valve operation a t  maximum design 
head and discharge, Figure 34A, the sand movement was s l ight  as indicated 
i n  a 1-hour model t e s t  with t a i l  water a t  elevation 5713. For 1-valve 
operation, some sand was deposited i n  the basin downstream from the 
closed valve. Additional scour t ea t s  were made using stones placed on 
the sans t o  simulate the prototype riprap, Figure 3 4 ~ .  The stones 
remained i n  place for  both 2-valve and 1-valve operation. 



at the piezameters installed earlier an the center dividing of the 
diversion besin, Figures 10 snd XI., were all above atmospheric pressure 
when the outlet works was operated. Ihe pressures, in genersl, were 
equsl t o  s tat ic  head or the depth of water above the piemmeter. Water- 
surface fluctuations measured st the staff gage in the  Uscharge chamel 
were not considered t o  be excessive. B e  mnrtnnm! fluctuation was 
approximately 1 foot and occurred for  one valve operating st nmxima .L . 
design capacity. !he  tail-water elevation at m c h  the s t i l l ing  action 

swept out of the upstream portion of the basin provided more sweep- 
out safety factor than i s  ordinarily necessary. For 1-valve operation, 
the tail-water e l m t i o n  had to  be lowered nore than 5 feet below channel 

c 

bed elevation 5710 before sweepout occurred; for 2-valve operation, more 
than 8 feet. accomplish t h i s  in the model, the channel bed was 
loweredl approximately 10 feet before the t e s t  begau. Pn the prototype 
an extreme aaount of degradation of the channel would be necessary 
before the s t i l l h g  action could be m i r e d  by law tail water. 

























. I . . .  . A .  ' .'Figure 8 , .. . 
Report HYD 457 

Recommended Permanent Outlet Works Basin 

NAVAJO DAM 
1:24 Scale Model Used to Develop '' 

Diversion and Permanent Outlet Works 
Stilling Basins 



Figure 9 \ .  

Report HYD 457 

Intermediate baffle piers were not 
recommended for prototype use 

Design Discharge - 14,500 CFS 
Tailwater Elevation 57 16 

NAVAJO DAM 
Diversion Stilling Basin - Scheme #9 

1:24 Scale Model 





Figure 11 
Report HYD 459 

A Diversion Channel 
Looking Upetream 

B Diversion tunnel outlet portal 

C Stilling basin looking upstream 

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

Numbers and circled points designate piezometer locations. 

Diversion Model ~iezc&eter Locations 
1:24 SCALE MODEL 
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Note: 217 feet of head at valves  100 percent open 

NAVAJO -DAM 
Recommended Outlet Works Basin--4680 CFS--Tailwater Elevation 5723 

1:24 (Scale Model 



I 
~e$ort  HYD 457 

NAVAJO DAM 
Recommended Outlet Works Basin--2650!CFS--Tailwater Elevation 5711 

. S l  -" 
1:24 Scal /Model /, ; 



Figure 32 
Report HYD 457 

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

NAVAJO DAM 
Recommended Outlet Works Elasin - 2710 CFS - Tailwater Elevation 5715 

1:24 Scale Model 





"'~euport ? .  HYD 457 

A .  Head at valves 100 percent open 
2 17 feet. Tailwater elevation 
5753. Erosion pattern in sand 
after a one hour model test run .  

B. Mead at  valves 100 percent open 
217 feet. Tailwater elevation 57 13. 
Erosion pattern in riprap after 5 - - 
hour model test run .  

NAVAJO DAM 
. Recommended Outlet Works Bask--Scour Tests--4,680 CFS 

1:24 Scale Model- ' 


