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Denver, Colorado 

Subject: Hydra~Ali~ cheek of the .p~oposed Crane l~e Dam Outlet 
Works S t i l l i n g  Ba~J.~o 

1. .Crest elevatio n ~ the~hydre~tc h ~ .  The oN at elevatA~ 

mUSt be determined to s a t i s f y  three condit ions!  ( a ) t o  Properl7 

spread the Jet from the tunnels  f o r  a l l  c = b i n a t i o n s  of  d t s c h a r ~ ,  

(b) to force the Jump to forB downstream from the tunne l~ex i te  f o r  

a l l  combinations of discharge,  and (c) to form a quie t  s t a b l e  hy- 
draul ic  Jump in the stilling basin. 

From a ~er ies  of t e s t s  for  the Bull  Lake Outlet  Works S t i l l i n g  

Basin, for which the best dimensions were detol~alnod, cor~Itlons 

(a) and (b) were s a t i s f i e d  when the huBp c r e s t  e l evat ion  was about 

equal to  the maximum water ~ f a c e  e l evat ion  at the tunnel  e x i t s .  

Veloc i ty  at  tunnel  e x i t s ,  distance between tunnel  e x i t s  and crest  

of  hump and amount of f l a r e  of side wal ls  f ~  t ~ e l  e x i t s  a lso  

influence the proper hump crest elevation; but ~ N  will :be con- 

sider~d l a t e r '  These same t e s t s  indicated that  a good s tab le  J~np 

formed in the z t i l l i n g  basin when the mean water sur~Face e levat ion  

over the hump c r e a t  was equal to or greater than the taJ.lwater e l e -  
vat ion below the Junp. 

When the mean water surface elevation over th hmp ie con.. 

siderably less than the tailwater elevatioa the J~ap for~ itoo near 

the hump cres t  so ~hat the Jet maintains i t s  hor i zonta l  d irect ion  

and remains near the sUrface through the s t i l ~  basin.  For 

intermedi~_te cres t  water sur face - ta i lwater  ~ l a t i e n s h ~ p s ,  the Jet 

f l u c t u a t e s  a l t e r n a t e l y  fr~n  the bottom to  the tep of  the pool ,  r e .  
sulting in very unstable Jump conditions. 
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For a tunne l  e x i t  v e l o c i t y  of 31 f e e t  per  second and a maxi- 

mum discharge  of 1800 s e c o n d - f e e t ,  the m a n  depth a t  the  t unne l  ,!exit 

is h.5 feet and the water-surface elevation is ~22.2, which makes 

the proposed crest 1.2 feet too low. When the tunnel exit velocity 

is reduced by an amount -hose velocity head is equal to the differ- 

ence in elevations at the tlumel invert and the hump crest, the 

velocity over the hump crest is determined. This method checked 

measurements for the Bull Lake hump. The hump crest velocity is 

~/(31) ~ - 6~.h x 3.3 - 27.~ feet per second; the corresponding mean 

depth over the crest is 3.29 feet; and the mean elevation of water 

surface is '4h2A.29. The proposed crest is 1.7 feet too low to satit~y 

condition (c). From these arguments, raising the cr~st to elevation 

hA22.50rWOUld result ~ a more satisfactory design. 

2. Flare of c.h,ute sido walls from tunnel e~4ts ,to ,,.hnmTn CreSt. 

Proper flaring of these T,,alls is attained when there is a good 

spreadin~ oA" the Jets at the hump crest. The most adverse condi- 

tion for spreading is given by one tunnel only operating at ~axim~m 

capacity. A good measure of the amount of sDreading is the deflec- 

tion angle produced by a particle of water traveling in a straight 

line from the inside edge of the tunnel exit to the chute wull at 

the hump crest on the same side a~ "~he tunnel not operating. This 

angle is 27°-A2 , for the Bull LaMe chute and 30°-i~ , for the proposed 

design. Since the deflection anglo for satisfactory operation in- 

cre~ses for decreasSc~ velocities and since the Bull Lake tunnel 

exit velocity As about 40 feet per second compared to 31 feet per 

second for t.he proposed design, 3OO-12, is probably not excessive 

f o r  the proposed d e ~ i ~ .  

3o _Upstream slgpe of the hump. Effective spreading of the 

Jet is increased by increasing the upstream hump slope. If this 

slope is made too gr~at, however, the jet ~ill spring fr~ the down- 

stream slope of the htlnp and t~e distribution of flow over the hump ~ 

crest will become too uneven. 
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The satisfactory upstream hump slope for Bull Lake is 3.O8:1. 

With the lower velocity in the proposed design the A:I slope will 

probably be satisfactory. A 3:1 slope will also be satisfactory 

and will result in a more even flow distribution~over the crect. 

A. Distance from t~n~el exits; to h-~ crest. This distance 

is fixed when the proper hump Crest elevation, hump upstream slope 

and chute flare are determined. The 18'-3" length of the ~proposed 

design is satisfactory since the upstream hump slope can be increased 

to give the suggested 1.5 feet increase in hump crest elevation. 

5. .The hump trajectory. Derivation of the theoretical equation 

for the hump trajectory gives: 

D 

II | 

o 

y = x ~ # + ~ 2 - - -  i ( l )  
2 Yo 2 cos 2 

where x is  the hor izonta l  coordinate, y the v e r t i c a l  coordinate, 

~ t h e  slope a n g l e  ~ the  v e l o c i t y  d i r e c t i o n  a t  the beginning of the  

t r a j e c t o r y ,  V o the mean c r o s s - s e c t i o n a l  v e l o c i t y  for maxtmu~ discharge 

a t  the beginning c¢ the t r a j e c t o r y  and g the acce le ra t ion  of g r a v i t y .  

A t r a j e c t o r y  designed on the bases of the mean v e l o c i t y  w i l l  

be too s teep for  the mass of water f lowing in  the area of maximum 

velocity, as was verified by the Yallecito spillway tests. For this 

reason, to prevent any disruption of the Jet, the trajectory should 

be designed for at least the maximum velocity in the tranve~se wec- ~ 

tlon at the beginning of the trajectory. Assuming a maximum veloclty 

equal to 120 percent of the mean velocity, the trajectory eq~tion 
becomes: 

J 

y = x t a n  ~ + 
2.88 yo 2 cos2j 

x2 (2) 

Some present designers for the sake of safety use half the value 

of g in the original equation which then becomes: ~ 

g 

y = x tan ~ ÷ ~ v° 2 cos~ ~ ~ (3) 
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This more conse~&~ive  formula  becomes l e s s  eonse lwat ive  when ai~. 

i s  e n t r a i n e d  i n  the  fZ~g aa was shown by f i e l d  m~asurements on t h e  

X i t t i t a s  Chute j Taktma P r o j e c t .  When a mass of  w a t e r - a i r  mix tu re  
' 4  

passes  over a convex v e r t i c a l  curve a t  high ~ O c i t y ,  the  r~duct ion  

of i n t e r n a l  p ressure  w i t h i n  the n~ass due to c e n t r i f u g a l  ac t ion  re.. 

suits in an expansion of the air bubbles within t~e mass, effec- 

tively reducing the action of gravity, which req~Mre~ flatter 81op~s 

to prevent disruption of the Jet as was experienaed~In the Kittitas 

Chute. 

In figure I~ trajectories for equations (I) and (3) are plotted 

with the P.C. of  the upstream hump slope as the  b e g i n n i l ~  of  the  

trajectory and an Initial ~elocity c~ 26.1 feet per second parallel 

to the 3el upstream sl~. The chute floor she~Id follow the lower 

equation (3) trajectory if a smooth Jet is required over the hump. 

The t r a j e c t o r y  f o r  equa t ion  (1) based on the  ~ a a  c r o s s - s e c t i o n a l  

velocity, lies above the proposed ~raJectoryj which, according to 

previotts design methods suggests a region of negative pressure, and 

a tendency for the Jet to spr~,g clear of the bott~. 

The jet did not spring from the bottom for the recosuended Bull 

Lake design, although the Jet velocity was scmeehat higher than for 

the Crane Pre~rie design. There are two factors ,~ich prevent the 

Jet from springing clear of an apparently too steep trajectory: 

(a) the trajectories of layers of water near the bottom are much 

steeper than that based on the ~an velocity; and (b) the Jet is 

held to the floor due to insufficient aeration. 

When the equation (3) trajectory is plotted fr~ the Jet water 

surface, this curve will apprnximately represent the path of maximum 

splash. With the proposed design, there I£11 probably be consider- 

able disruption of the Jet o~ its surface, similar to Xittitas; but 

t~is will have no harmful effect since there As excess freeboard and 

t he  J e t  sp lash  w i l l  e n t e r  the pool  a t  the begfnn ing  of the  Jump. 

The proposed downstream hump p r o f i l e  i s  s a t i s f a c t ~ y  except  t h a t  the  



equation of the parabola  £o ehan~d  e l J ~ h t l F  t 0  y ~ ~ .01587  

8o t h a t  the 311 ~ p e  w ~  end a t  S ta t ion  ~?~eG0, 

6. The m ~ t l l / ~  ~ .  The s t t l l J ~  beat: ~D1 be d e s ~ d  

by the uae ~ ~ e  &ttaehed d ~ $  o f f t ~  a 4 n ~ ~  dated Juno 8~ 

1938; eub~ectl ~ 2 1 1 t q  b ~ t n  desert f o r  r e ~  a p t l l w ~  

ehanaele. ~vdrs~e e ~ e z ~ m m i ~ h m ~ . ~  the a~ bloek and 

e n d  s i l l  type of  began to  be 8uporior to  tho  b ~ j e e k  ~ype, 

a o~oervatlve valw of V I le 3~.7 feet ~ l l N O I d  ~and 

la 2.67 ~eet. ~ t~e d~m, d 2 i, ~.6:zeet a~a~, 2 ~e ~o.7 

feet. With the ~ ~  tallwater at elevat~ ~j the pr=pomd 

floor can be raised two feet to elevation ~15.00. The basin length 

is given as 37.8 feet. With the 17 fset long end t~aneitien a ~- 

foot length ie s~fieient. The diag~aa given the £ello~ block 

and = i l l  di~aelon~s h l :  2.67' = 2 ' -~" ,  h 2 :  2.~' : 2 ' -~" ,  

h 3 = 1.6: = 1'-6"; a = 12.6' = ~I..~. For eeenulcal and et~uo- 

r u r a l  reasons,  the ~ end e i l l  should be ree tangulAr  in  eroeo- 

N c t i o n .  The ree~nde4 deelgn Is nh~wn in fl~m~ I. The etl11- 

Aag baela diaenslon8 ee~ favo:abl~ with ~ko~ ef the adeptad 

Bull Lake denise. 
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