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STm  0Z SPDAWA  

~ m b o r  A m ~ n  8 o o ~ y  oF ~I~11 nn~ase~8 

I ~ r ~ r l ~  4 ~ s ~  ~ s ~ r ,  U. S. B u r e ~  e~ I ~ 1 ~ n t l u n ,  Dsm~r .  
Oolorado. ]io~ Asst l tan~ 8 ~ s ~ r ,  t l . S. ~ n ~ s e r  OPI' tu.  Lee 
~ s l s s .  C a ~ t * o - - ~ .  

I 

A model uas u t i l t e d  i n  ~ h ~ h s u ~ o  ~ss i~n IF ~d~ 
Omen ]liomnmd: Dan spt lA~ty  and was ~ b ~ t ~  ~Por tnpoetsnt  ~ -  
oi~Ious r o ~  oevor~l fostw~8 ~ tbn dosi~n~ Fe~tloular 
8~udles wor~ ~ 4 e  of ~ inlet t45u~eltlon, spllluay o1"o~k and 
~to 8truoturo+ the h l F ~ o o l t y  ohuto,  and thn e~eelsm oP 
r i ~ r  ted daeutrea: ~ the spillway. P r ~  ~ e o t i ~ n  in 
th~ :~x~ol studies ~mmt (1) to ostsblish th~ nlnlmm :~ilus aF 
ownmture of the In1~t transition for ~ati~fu~to~ + h ~  
p e r f o r ~ a n ~ ,  (2) ~o 4~o~ra i~  tb~ ef~Iole~ eP the ~pll lw~v 
or~s t  an~ br idge  p~srs .  (3) to  ob ta in  t b s  nu~t ~eeona~eo.l a~d 
e~eotiw hydr~ullo d~8i~ of tb~ opillm~y ohute, and (4) to 
d~ter~irm t~s ext~ of ePoei~ d ~  i~ ths 8pi~y 
8rid tbo Foasibi~ity o f  m~p~oyi~  s ~  ty~m o~ 8t1111n~ bssln 
for 8oo~r pre~sntio~. 

A plan and e l o w a t l e n  o~ tJw f~n~l  d s s ign  o~ tJ~ eon-  
o re t e  sp i l lway  are  8 h ~ n  t n  £1guro 1.  Tbo i n l e t  t r a n s i t i e n  i s  
curved i n  p lan  wi th  a ~ tn issm e e n t e r - l t ~ s  r e ~ l u s  o f  200 l ~ e t .  
T ~  s p i l l ~ y  o r e s t  b ~  an e l e v a t i o n  oF 7R~8 f e e t  and a zset 
l~n~th of 75 i ~ o t .  P ie rs  2 l ~ e t  6 Inohs8 wlds supper t  t h r e e  
r a d i a l  ~ato8. eaoh 22 f e e t  h t~h end 25 ~ ~ d e .  t h a t  
the  upper 4~,,000 a o ~ - f e e t  ~ 8 t a ~ a ~ .  The s p i l l w a y  ohut~ oon-  
~ e r ~ e  at  w ~ / i n ~  t a ro s  fz~m s width  o~ 80 f ~ r t  a t  the  o r o r t  t o  
30 f~et at station 14+22.19. A smooth tra~sltlo~ ~ a ~ 4 ~ e ~  
v i ~  reotan~lar Notlo~ t o  a t~a lmsoida~  ~ t l o u  with a 80-~eot 
wide bottom and ~/~ to l 81d~ elapo Is  proyld~d bet:men g t a t i ~  
14÷~2.19 and station 164414,1~1 thJ .traposoJ~ls£ ooetlon elbwnds 
t o  the ®n~ of tb s  ohute .  The 8~Opo of tbo ehube,  ~ 
aero at  . t ~  o r b i t  and end of th~ o~a~ml t o  50 p e ~ s n t  150 fee~ 

t l ~  end of the ohannsl. ~ 8  d s t o ~ d  t o  ~ t t  t lw  moun~tn-  
sid~ topography,  p rov id ing  r o t  a ~ f e J£  ~ 188 ~ o ~ .  

Tbs smdsl was b s i g n s d  a~t  o o ~ d  i n  ths  Bl reau  
of  ~ e l a m a t i c m ,  D s m r ,  h ~ t u l i e  ~abor~tQry t o  a 1 ~  see . l e  
Of I to  40. and roqulrQd & ~ d£ooha~p eF 2047 ~ m : d ~  
t o  r ep resen t  t ~  p ro to type  d s e t s n  Flood of  85,000 o o o o n d # ~ .  
Kznept Far t M  s l e p i n ~  ~ and ~ n t e  wLUs ,  u h i o h  w i r e  IF n N ~  
o o m n t  ~ a ~ a r .  tbs  aodel m s  ems~a-ueUd eF ~ p tas  snd r s 6 -  
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~ed, pe /n~ed  w i t h  ~r~y e~l ter a 1~e~i~ ee~ori~. It was 
estimated t~t tbs vs~us e~ n i~ Ms~'s f o r ~  f o r  ths f i n -  
lshsd s u r ~  ~ s  0.01~, 

I~LET TRA~ITX~ 

t A preblea ef eomlder~b~e eeenmAo i ~  Iz~sd 
818e of t~ i~let eb~nsl to tbs else. 81m ~thslmterlal 

t o  be e ~ o ~ o d  i s  s u i t a b l e  Fer . . eons~rue~ien  o~ e e r ~ a i n  aanss e f  
tho  e a r o h  8~ruot~re  a n d  ~ .  a l s o  e ~ e n ~ l y  l o o ~ o d  a a larSp i~n- 
l e t  i s  f o a s i b l e ,  previdod rook i s  ~not encoun te r ed .  Shoul~ rook 
be e n e ~ r e d ,  ~hs s m l ~ e s ~  r a d i u s  t n l e ~  h y d r ~ u l A ~  Su i t ab l e  
w i l l  be t h e  noe~ e e e u m ~ e a l .  

Tests at' 400- foot  and l ~ -~ ' co t  ~o~a~r-l~nm rad ius  Lu- 
l a t 8  x r o  s ~ L t l d  ~ - ~  m~dtl ,  ~ f o r  | s  ~ ~ 

N r ~ a ~ i c m  and msamrmwn~s shsmd thin s x s l l o r , ~ a z l ~  ~o be prm~- 
ti~dLZ7 as ~ t l s i ~  b ~ l r s ~ A e s i l y  u ths l a r ~ p r  in le t .  ~ t o r -  

p r a ~ s  st st~tlon.~N~O x~l ths ~ p  ~ l a l o n ~ s  
~ r s  i d~ t i o~ i  for tho t~o ea~e8. Duo to tJw ~ m w  d i s -  
t~rb~x~ in  ~bo ~O-foot l ~ l ~ t ,  i t  ~ s  eensi~ered mxdssir~bZo t o  
~urtbsr re~xm the inlet r~llus, 

0bmervat iens  and : m a a ~ i ~ n t s  of  t h s ~ t e r  su r f aee  i n  
t l ~  c h u t e  b x t t e a t s d  s l i g h t l y  m ~ s t r i e a l  b u t  z m t  s s ~ r ,  i~ie~ 
e a n d i ~ i m  ~ i e h  undoubted ly  o r i ~ i m ~ o d  i n  ~ c u r v e d  i n l e t ,  "A 
st~a~W~ o f  the umbadLansed i'Zmr l ~ t t o r n  i n  tim eba~o lx~  t o  ths 
oZusZcm. ~ ensrgy .e i "  15.ew pe r  u n i t  w id th  en~er in~  ~bs ehnte  ~ s  
~ t e r  e m t h s  l e f t  sidle t h ~  e n t b s  r i g h t  ~ Bias .  P r m  t h ,  t h s e r y  
¢~ a e~r~sd c h a p e l ,  t o  b~w,  eq~ mrgy d i s t r t b u t i m  i n  a t r a ~ -  

A e e e r d i n g ~ ,  t l ~  i n l s t  b ~  was s u p s ~ l e ~ t e d ,  bu t  ~ h s r o  was no 
~ n t  i n  e h u t e . r i e ~  o c n d i t l ~ s ,  I t  l s . ~ n ~  t ~ t  e t b s r  

i z ~ l u m s e  t b ,  ~ le~  ~ f ~ t s  ~ et" e u r ~ d . e l m m s l .  
Ym ~ e a l  e h ~ u ~  i ~  a t m p e ~  t o  me~m~ulaa"  N e -  

~-.qlld.e~ 4. ~wtx~bZ7 w r y  ei~ea~t i~ tbs ~1~pmnt of tbs flew 

8PXILKAT C~EST ~.Z.Z~U~X¢~i 

To ~ t b l  ~ l t ~  ~ ~ s  s p l X l ~ y  o r e s t ,  e e~o fu l  
d A s e ~  ~ m r o  m d s  w i~h  ~hs e e n ~ e r - l i m  

disohsrSs e w ~ l e l e n t  i n  ~ ~ i w r s t 2  f ~ m l a  Q - ~ M ~  ~ 

S 
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f ~  a l l  ~ t s s  epsn an~ ~ 0 0 0  s ~ m d - 4 ~  ~s .$.Z1, ~ o h  /~ i n  
m m , l l ~ n t  slp~ome~ vl . '~  *.h, wJ,ue *at' l . t O  .used .t"m* t h ,  o~f~un~L 
dresden. For ~ s  m~,mm,e~mm~:l,w[ hind ,  qdm ~wPSa~, a n d . m , -  

~ ooes.eepem55~.~e~.exd~ :ram 1 . 7 8  s,xM : t . a .  x'*olmoq:L'~s~ 

Ths wu~at£on, h a ~ o r .  :18 1 s o s  .hhan.:t'our . l ~ r ~ n ~ .  

T ~  ~ I n ' ~ s ~  in.:estab). . toh£~ a ~ , m b a r p  : r s t : t ~  
ourvo ~'far dss~.~n purpoeos ts"t;o s e l N ' ~  a dlsoh,  Jwp o o w f T ~ n t ;  
• t;o sua~; ~h ,  l~-t;tou3a~-~.,Q,ln ,at  e r e ~  ~ ~ ~ d  a = l  o m p u t o  s e v e r a l  

oF  ~hs aurvo usLu~ ~ i o l s o ' b s d  ooo~'~.otoz~ f~"  e l l  : ~ a u ~ .  
ooe£'Tlotont; t'er.m,.~ ,orest ~be,lm J.s by' n o . t a n s  @onst~u:~; :tnd; 

eont; d£F~s, u o o  £n ozpor£mn4m.T sml dmslEn ~ t ~  ~am"~s boom.s 

,Nmdm~ ~ : S m ~ .  'bbm.o£'ox,...:~ rod; ~ l t a b ~  i n  ds~ra~ lm l~  
sin3.), d . ~ M m r s s s .  

e x p r o s s t a n  ,~or ~h~  wn-aa~Lan £ n  .d~ohs~ip ,ooo~,Lo~nd~ 
wl'l~ head. dsdmerm/.m,d ::q~ . t ' i t  ~ ez~ez,4.1~Ma,~ eae~ioisnY, m ~  
£"or t h r ~ - ~ a ~  opsx,'ai:;im~,, ~ f ~  ~m bo 

(; " I " t , W  r j  " I 

w h ~  IP ,ezd Co m ~ ~ dm, mm£~hsad and ,o,~T£olen~,  

ommtderod ,-o,:mplo~;e3,~v 8Upln"*s~d w£i~h ~the meN,~ ~ 'q=amrSt:L~m 

8~me, s b a p  and  .Ion~th at" o~**~ and xmmbor,, e l m .  and 
ahap, or b r l d ~  Piers  £m'lue~m t J n  ,ooLt'~a:Len'~,~ ~ a b o ~  ex.- 
p r e u l o u  i s  ~ appl£m.b),,, ~ ~ .~ 'wn  ~ =~rumt~ , .  
X~ .~ uM£'u.1,., hosmmr,, £u dsrtmx"mS.nXx~ ~ ~ ~  re,~:q~ eu,rws 
£w" l~*nsml~.y s~JLlar . ~ 8 .  : Per  ~ r y  low heads ,  f r£o t~en  
b e o ~ s ,  nm.o s t ~  ~ t ~  ,~m~sl ~ n . u  "clw ~ ,  8o '~]u 
~ 1  ow,t~£a:lm~l~s m s c s s ~ t  sss£1sr  ~ ~ h e ~  £~-~tl~ 

tar  ~ Imada.  ~ mu~'~,~n~,s ~ r e ~  
Y,o , d s ' ~ ~  ,'Us r11atLmsh.t.p 'lxrqmsen ~ 1  and ~ oooL"L'2- 
o:hm~ £ar,  ~npry law )wads. 
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~]~ e l S i o l e ~ y  e ~ t l ~  ~blVldlP p i e r s  ~ ~ f a r s i ~ d  b y  : ~ -  
t ~  Ixie:'~ a n d , o a l i b ~ t i n ¢  th~ orer~ w i th  one ~ 80 

i n  w'~.Ath. ~ sae£flolen~ is t n o r ~ u ~ d  ~nly  0.7 p ~ r ~ m t  t o  
3.2~ . ~ -  no pior8  and t l ~  m.~imm~lmaul, lPt~u~ 2 t u ~ h e r  ~h~-ew 
ths.t.the e i ~ i o l o ~ o y  ~ tbo p i o ~  d~ormu~s with d o o r o a x i ~  l~aA. 

8PII, IJ~Y CIK~S 

~ a t i ~  ~ t ~  . ~ i ~ i ~ A l l y  d m s l ~ d  ~ohuto, 8hmmtr~ 
d~skmd l t aes  l ~  ~$~me Z~ ~ l ~ d  ~ t  t ~  obma~l  o a m r l ~ o e  be-  
lm~ the ~ t a  ~ t u r ~  ~ ~tO0 rtp~d, r~su l t t :~  in  t l~  t 4 ~ u s ~ r ~ e -  
~ v o  p h e ~ n ~  ¢ t~an  e ~ ~ n ~ d  i n  t ~ p w ~ d  o ln~ue l so  8 t ~ i ~ q ~  
wi th  ~ s  ~'d~oh o ~ t ~ ; t ~ t e d  a t  t l ~  sides a.~ t lw . u I ~ r  o~d cd: t he  
o h m .  tho w ~ s  ~ N d  £ ( m a i ~  a~mll ,aplwa~L~ta~Zy ni(b~y bo-  
4~'~O~n t ~  st~Id~ ~g~fJ, ~t~K~lOd ~;QI~L~y J;O 6vhO 81td~8, 8J3~ 1 0 ~  
r e~ loc tod  ~ t o  t lw oentero 15~8 a o t i a ~  ~ r~Imatod oo~ t iun -  

~ t o d  t~  ~h~ m~Sel~ th~ ~ s 8 .  t~  ~ e ~ d i n  oorro.al~S~lb~ d~- 
t ~ r ~ t n  t~m p r o t o t y J ~ ,  would O~m:vtop ~ m ' l ~ l y  Sl~Ottt~md 15-  

h i r ~  ohut~ w~lSo S ~  m ~ L l ~ r  s ~ s  ot" o ~ m r ~  
w m  t e r ~ d  and t ~  doe i f~  ~ i n  ~ t ~ o  1 ,  x h l l o  no t  o~p2ct~ -  
l y  e l l a ~ t l a ~  tlm ~sws, p r e m d  sst iLes~m',3 '. Tlw height ~ 
obnte si4o tu l le : u  :Ina~easod to 29 l 'eet .  I n ' ov t& t~  s'~nlalaua 
freeb~L~,'d ~ 7 l~etB whlah l ~ r i d m 8  8,1~mm~tJo f a r  oemxlb~sble 
entroJ~nt  ~ a l r l n  the in~totypo ohuto f 1 ~ .  81aeo rook w~8 
o ~ o ~ o d  at  about  mtlan~lS~OOw ~it was eom~mie~l  .to o h n n p  

l ~ , ~ t h  oi' tFsns i t l~  l~m the u p e t ~  ~ote~Su3~w ~ a t l ~  to 
the l ( m r  trapsoldal N o t i ~  ~ 170 l%~tuu requlred to ~ i ~  
mtls~ot~ry ~ o o n d i t i ~  in th~ lemer ~ oF the ~hn~o. ~o 
i n f i r m  ~ r u e  ~ 1 ~  o o n d i t l ~  w t t h t ~  th~ ~ r e m ~ t e d  ~'~ms~ - 
an~ o ~ I n s t l ~  of ~ -  and t m : - ~ t e  opa.ratlo~. 

i n p o r t a n t  d e s i ~ n . ~ t u r e  ~ f ~  s u o ~ s s ~ u Z  l ~ w h ~ u l ~  
o p o r a ~ i a n ~  tim ~ e  i s  the  ~ s i ~  of  ~ s r t i o ~ l  om '~8 .  ( ] o z n r e ~ j  
v e r t t ~ l  o u r ~ 8  8 ~  t ~ r o d u e e d  t o  FL~. t h s  t ~ h V .  Too 
s t ~ p  v e r t t ~ l  eurvo8 ~ s u l t  i n  x l w ~  o~ the h i # ~ m l w ~ F  
m t ~  £ ~  ~;]~) olm1~ ~ oo~i.ouL1~ ] . : I J s i ~  JmJ~o Opomtlo~e 

voloolty at the t e ~ m d ~  of t lw ou~m is 

4 



~bsre x a~ y ar~ the horizontal and ~rtieal ees~k~ate~ ~It~ 
the P.C. ef curve as ~i~lu, @ is tb~ ~ tb~ e]t~bo b o ~  
r ~ s  with the h o r i m c m t a l  a t  t~ PeC., V m i ~ ! ~  ~ a ~ I  ~ I O ~ L ~ , "  
in a t ~ r m  aeeti~ atthe PoC~, and g is t~ ~eee~ti~ 
of ~r~vi~y. This eq~ti~ ~ used in ~si~i~ the ~tieal 
e u r v ~  o f  ths ~itti~a~ shuts, Y ~  I~oje~t. Roee~t ~ I ~ I " A ~  @~ 
tl~is o l ~ t e  s h ~ d  the ve:~ioa~ curve t o  be e~t i ro ly  too ~p. ~@ 
m~ch ~er 8pr~ from the vertical our~ that safe ~ t i ~  
limited to about ors-half of the m~xin ~si~ ~iseha~'~, 

To prevent ~y disruption of tbs t ~ . ~ .  th~ tr~Jeet~ 
should be desl~sd f~ at least the ~aX~ v~loeity in the ~ -  
verse section ~t the be~Ixsxin~ of the trajectory. A ~ ~  a a~i- 
mum velocity eqt~ to 125 ~roent of ths ~ a n  v~loclty, t~ 
tr~Jeotory equmti~m beo0~ss 

y-- - x tan @ - I~VJ 
~. eee ~0 

~rtlsal ourv~  at high vel~sit~j, the re~ti~ of  : L ~ t ~  pres~ 
u ~  wi th in  t}m ~ s s  dub to eo~trifu~l a@tie~ ¢ o m ~ t s  i n  8~ o ~  
~ i o ~  oi' t l m  a i r  b u b b l e s  w i t h i n  t h e  ~ s s  a n d  a n  i ~ r ~ m o  i ~ t h o  
t e n d ~ y  t o w a r d  d i s c u ~ t l ~  a t  t h e  f l o w .  A ~ e m ~ e ~ v s t i ~  d ~ -  
ai~n formula ~uld ~r~ps then be 

av= z e Zo 

All of th~ convex vertical curves f~ the ~roen M ~  QIll~ 
f~ll ~ii within t~ m ~  li~it ~iven by the latter e~osi~, 
80 sat is factory flow eondlti~m~ ~ r  the eum~ea ~re o ' ~ m ~ d .  

An err~ is ee~y i~d~oed in the h~ulle e~mp~- 
rations for flow in steep chi~ea byusm Qft~ ~ vel~Ity. 
Th~ av~r~e e~r~y o f  flow at ~ given o r @ c a  aeetie~ is o ~ ~  
de te r :mined  f r o m  the a ~ r a ~  v~l~ity. Aver~ vol~ity, u 
here used, is the arlthmltioa~ or al~br~o a~r~ of t~ ~- 
looities oi" all t~ p~icles, whereas th~ ~n ~ity# am 
di,~rily u ~ d , .  Is the a ~ r a ~  v~l~ity o v e r  the ~ee8 oeeti~ 
tbo o~m~mml tsOsDn by oJreas, u n l e s s  the veX@city i8 " ~ ~  ~r 
the en t i re  ere88 section ai' the o l ~ l ~  thlme twcter~m ~ 
idmntleal. Th~ assum~ti@~ that the vel~elty is uniform @~r a 
glv~n cross seeti~ is r~ver 8trlst~y t~ue. In ~eee~t e ~ -  

5 



tions a kinetic !e~sr~y faotor, a. ha~ been intred1~d so that 
t ] ~  true a~er~ klmeti~ emsr~y or veleoity h~rAd 18 ~iven ~y 

V 2 
c~ _ "m ' ~ Vm i8 ~he msan ~mlooi~r. 

M~suremsntm ~ud oo~uta~i~ ~re ~d~ in ~ marital ~,0 
determine the valus of " f~r high veloeitys£1~. An a p p m ~  
experi=sntal e ~ s r ~  li~ wa~ plotted b y  ~dd~ ~ I ~  ~loei~ 

° V2 
hsads, a s  d ~ t e ~ d  by ~ t;0 wa't:mr..,evrf&oe elevations a~ 

t]~ chute. The tru~ e~srgy lim~ ~ s , o b ~ m i ~ d  b y  s~tr~in~ t~ 
channel £rloti~n lols. as d~ter~d by,~b~'8 f ~ .  ,i~ 
the reservoir elev~ti~a. Th~ dlso~s~e~moy be~e~ t~ a ~ l = l : . e u ~ l  
true o ~ r c y  lix~8 is a ~m~ur~ of thin v~lu~ of th~ o~f~ieSem~ ~. 
In o o z ~ , i n  C the h~ulio v a l u e s  ~/Of ~ a ~ l e  Z. oo:nv~z"~AJd t o  ~l~t:O',,- 
ty~ quantities ~ r ~ n  ~ I  v ~ 1 ~ ,  n o  a t ' ~ s i ~  ~ s  been mS ~;o :~d- 
Just prototype v ~ l ~ 8  £~"  pemsible differenoe in p~o~ s~ . 
~ o ~ 1  r o u ~ n e s 8  v a l u e s  b e e a u s e  of  t l ~  u n ~ ~  o~ t l w s e  w ~ m  
and t h e  a d d e d  e f~em~ o f  e n c a s e d  ~ .  TPm p o i n t  ~o be  n o ~ d  i s  
that ths omeffloient~ z .  inb/Jm~x~ i n  th~ veleei~y di~~.lem~ 
is important in determi~ ~=h~ f~m~m energy lins £~ hlgh wlemlt~ 

v ~ l o e i ~  i~o~ezsea,  t ~ t A o a t i ~  t ~  t } ~  ~ l o e i t y  d i s ~ m A b ~ i e n ~ t ~ -  
arums l e s s  ~ i ~ o z ~  i n  ~ oroe8 seetloa as ,t:hm vele~i~y increases. 

TABLE I - ~ U L I C  PROF£ZETIES OF CHUTE Z~L~Y -.tS~O(X) ~ C O ] ~ , , , ] ~  

,~pth, radi~ , v e l e e i t ~ r m l . ~ r m l . ~ d ,  t ~ e r  

Statien8 D~ , ~m 
~ m 

t | 

t92.SO, 
ti0.588 8.24 
z 8 .22 t  6069 
t 7 . 1 4 t  '5°80 

? . ' ~ 8  5 . 6 8  

I0+80 
11+10 
11+77 

• 13+00  
1 4 + 2 2 . 1 9 1 1 0 . 1 0 t  6 . ~  
15+19 810.8"/'/, 6 . ~  
1 5 + 9 4 . 1 5  z l l . 2~ ,s  6 . 4 0  
16+97  t110108 6 . ~  
17+96 elO.I/,O a 6 .00  
18+61 | 9 .88t  5 ,86 
1 9 + ~  t 9,~,761 5 . 6 4  

t t 
• I I  - -  , L _ 

8 l I I 

8 ~ . 6  , 8 8 
8 8 0 . 5  , 14,.P. s 1 5 . 0  8 
, 42o9-  , 2 7 . 7  8 2 9 . 2  8 
t 5 6 . 4  , 4 9 . 4  , &~ .6  i, 
t 75.5 8 88o0 8 N . 5  .a 
, 8 2 . 5  , 1 0 6 . 6  s 2 n . 6  , 
J 8 5 . 9  t 1 0 9 . 4  s 2 2 8 . 7  8 
, 8 6 . 5  , 1 1 6 . Z  s 1 ~ . 0  s 
, 8 8 . 0  , ] J ~ . £  s 149®Z , 
m ~ . 5  , 1 4 % 0  t 1 8 1 . 0  s 
8 1 0 1 . 2  t 1 5 9 . 0  8 ,2G1.0 8 
j 1 0 2 . 5  , I ~ . Z  , - 1 9 6 ® 6  8 
I I 8 | . . . .  

. . . . . .  i 

1.06 
x.0s 
1.07 
2 . 2 0  
1 , 2 7  
1 . 1 8  
1°2S 
1 o N  
l . a  

, I . ~ S  

J; 

6 



; + , + ,  . + 

n ~ . ' p  ~ : n  w l ~  +' " -  + - - ,  "---+-,, ~ r ~  

'wo~,.ld be rmprmeom:eP.a.kJL.~ oP-_s~+_l l:~bblem ~nd ~ l-:bmoh IP"m~ml 
to  ~.£oOt ~lzm, h ~. ~Im ~ m- an ~oum~tely ~ o ~  bed, 
matc'ri~l to obt~d~ ~li~b~. ~ I t ~ t l w e  ~ i m ~  4j .a Im~t lo~  

. m~o: : ~ I t  tJmt ~ % i s f ~  ~ i t ~ t i ~  ~ .  
n l t e  em~Id tm ~ . b ~  t ~  ~ or the ~ oo~e lo~ I~  a~a 
l~m~ ~a~le m ~ l  tutorial.  

A N ~ l e a  6t • 'q~m ~ made t o  ~ l ~ t e  tbo f~t1~ 
Of 141~ ~o~qmm.m ~ ~ <P.,o~ cbo'P, o p ~  t ~  P~olb]Lo ox:L~noo oe 

- ~ ~ ' ~  ~.++~.lood did dk~ dram+ ~or 

~-,,~. o<mb+,, tbo bed  m ~ : ~ l  

~ e~l~rlm~im~t data,  booaw hor4aom+a~, i'o~ a f lood oP..al~m~ 
10,000 seoond-¢o4~,  Th~ sl~n~ej,  o a ~  Im %h~t the b i ~ s t  b~p 
l~~form~d for this ~ d .  :Pot l~rgor :P1omm~ bo t~m ~leelti~o 
m~r tb~ o ~ , ~  of 'the b~" ~ o o ~  m~tfloi~mtly ab@w~ ~Pit lo~l  ~or 
~he bed m~Pi~l ~0 t l~t  the bar  la f ~ . t t ~ d  out ~ ~ e  not b~Lld ~ himh + 

Due t o  t~. .  oalplamittms i n ~ n t  l n : s ~ t y  of  soour 
~ d  bed m t t ~ r i z l ,  t ~  ~ l  ~ i ~ x  a n ~  Ln i ~ t i o L t t a n  t ~ t  z b a r  

high or ~Lt~bor ,~ t~t+shomm by the ~ I  wLII ~l~md. 
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olmUarlt~ ef IOm,u-4~z~ and  dm~atlonaud Pate ~p 8 u b s ~  mP 
Pleeds. PoP ~ mlmr Pate oP 

P ~ ~ ~ the bar after , ~ h  ~ ,  to: ~ -  ~ ~  the i~maibA~Lity OP oI~i~ t~r ~ tO. ~ :~ 1~ 

~ t o ~  ~ o ~ t ,  81"~md that ~ben a - ~ r ,  r~sultln~ppom a p r o -  

mtream but nst a s  h t ~ h  a s  t ~  ~z'~rt;. As:t~w h i~h ' v+ leo i t y . s t~  • h o ~ s  d ram ~hs 
' k t ~ b ~ o ~  ea~g~n, i ts o~mess ,  k~.z~l~io o ~ r ~  ~ o , + o ~ n 4 e d  ~. 

~ n  W i ~  bo o o ~ ' r ~ d  d ~ I I ~  b ~  I .  tbo r i ~ r , - b @ d  o v e r -  
• ~ tbo d i s t a ~  : ' s q u i ~ d . t o  PPed~ee tnanqull tlesr ~ ~ Peek o h m z ~ l .  With ~bo ~mU.blo 

-. - - -  

' ~ z . o + p ~ t o d .  

b- _ D ~  t o  t i n  ~ s i b ~  e ~ s s l v e  o o e t  o P  
~ n J  o r  L o l l  o r  . I  _ _ . .  , . - @ x ~ t : l . c m  o f  

: ~ . . . .  r . ~ m ~ B  , &l:  W i r e  O I  " "+- 

P O e "  t h . :  ooe  oi" " i n "  • 

_~.uo~.t opeP~ti~ ,m. - m,,,.,'-, o ..atlsZaet 

"us+ ~ ~m~:. ~ s  ~ ~o m,~ s. ~ - b  
and d ~ 4 ~  the . , . - - - - - - + ' , -  - - -  u o k o t  w i d t h  mind ~,,,..- 

• d 

~ ~  ~ w i d t l ~  ,and r a d i i  and  the. o o ~ ~  ~ 
and t~e p r o p e r  omblm~io~ oP ~p~h~ 
least ooet. di~nn~iom to u~o Is the o~s ot • 

e,,, ,- : ,++,- ,kin+ 1 ; . , l l  4 1 1 8 1  ~ . . . . . . .  

• : " + , ~ g m z  WXI&OJ1  ~ " , "  

~ I ~ d  h a s  a s  -~ot nO~ ~ - -  - - . . - . . . - .  v a r ~ b l o s  m pro'~r1', , , '  
- -  ~ m m ~ o J & ~ l h l  I P ~  .:..,,,,~..,,,.I- + , -  . r - -  ~v  

~.+ 
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known whether more of the v~ter ~eetlc~ ~h~uld be inoluded in the 
volume variable and ~heth~r the vol~-er~rgy rehtic~shlp i~ In- 
depend~nt of the bucket ~ i d t h ,  

To cheek t.b~ validity of the deaigm eurve~, t~ ~ $ix,d~--  
signs shown in figure. 4 ~;r~ tested in t~e .model. BuoM@t desi~ 
l!o. 1 had the cliff.ions: ~O-fe~t. radius, lO0-f~ depth, and 
SO-foot width. Uodel operation,,ahov~d this bucket to be satlo- 
fsetor~i up to 5,000 second-feet as o~pared to 7~000 ~@eo~d-f@et 
given-by t h o  design ourv~s, ,The 4~pth of bucket No. . . . . . . . .  
to 120 feet, and its satisfactory c~eratic~ was .7,500 s e o ~ n d - ~  
compared to I0,0OO seoc~d-~eet given by  the de=l~n curves. ~Bue~ 
Nee. 3, 4, 5, and 8 Imve the earns p~ineip~l bueMzt:d~nalem~ 
as L;o, 2, but the shape of exoav~tion beyond.the e~d,of t~e bue~ 
is different for e~eh. All ef the~e de~i~ we~ ~eri~" to 

followed up ~e I to I u~m~rd slope ~ith ~ttle ~ ~ i ~  
The~e:tests indl~te that  extent and shape :of e~eav~ic~A ~yc~ 
the end of the buok~t influence resulted ~ueMmt dt~asiom,~. 

-., f e e t .  

From t~s de~i~n~eurv~, a!~O-fc~ ~i~ b u e M ~ t ~ £ 1 1 ~  
require a radius of 75 feet amd~pth ef 121.5 feet ,%o e ~ e ~ t ~  
a ~ t i ~ f a e t o r i l y  fc~ t~e m ~ £ m ~  design f l o o d  o f ~ 5 , 0 0 0  Nec~ l~  

Studies shewed the: o o s t  ~ any bue~t:deai~ ~ ~ e ~ e ~ -  
siv~ so no ~urther.ocmmide~ti~n ~a~ given thls,'.type of ~Si~m. 

The horisemtal ky~raulle Jump type ef ~tlXlin~ b a s i n  
~as  n e x t  studied. No model s t u d . s  ~ ' ~ d ~  of t h i m  ~ 
bamln, sinoe ~ l l a b l ~  c t a ~  free ~evi~ atudie~ of ~ r  ~mm- 
tures oca~Id be %~ll@d ~ L l ~ d @ ~ ~ ~  rater Oleaely!%~m ~re~- - 
q u i r e d  ,p~'£UOll~l d.~lenai~ ~ f o r  the ~ n  ~ ~  , @ e z ~ L t ~ i ~ .  

f o o t  w i d t h s  a r e  a ~  i n  f i g m ~  5 .  A ~ a i ~ , : ~ . ~ m ~ r  blu~b~wid%h 
mus t  be ~ t e r m i m m d  ~ I  ~ o o , t  a m a l y a £ e .  A l t h ~ ' : t h e  oee~ e ~  
horizontal baaln would be considerably l e s s  t~mn that~ o f  t h ~  
roller-buek~t bamln, itw~s alae considered exoeaai~. 

Comparison of the t '~ l~, t~Sr Of IBt~,~.I~L~ ] ~ i " ~  ~L~l'~ t~  
the oonolusion that~he us$ eft, each t~ of: basin @~encla+~imly 
c~ the tail-water oonditic~ ++prevai2img at the+ dam site + The 
depth of w~ter ~qulred in th~ roller buoM~t for aatls~ -+ I 
op~ratlon ++ is +oomai~rably mere+ than +that re~d to fe~ a 
Jump~in the ,hc~iac~tad~basin. R~en tbo~ ~Ir~ht cf tall ~a~er a~e~ 
t h a .  river bed ~ mtteh-in e x ~ n  ~' th~  ~qulr~d J ~  ~p%h, ~ :~o 
the ~remnln s of the h ~ d r a u l t o  Jump i n  t ~ '  heriacm~al b a s i n .  ~ b e t t e r  
f low o~ndlticms.will exist in the r ~ l ~ r - b x m l ~ t  b a s i n ,  stud i n  e e ~  
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eases  th~ oes t  w i l l  be l e s s .  ~ s n ~ t h s  h s i ~ t  e£ t a i l  ~ t e r  shove 
ths  r i v e r  b e d  i s  l e s s  t h s ~  t l ~  r e q u i r e d  ~ F  6ept~, the~ b e r l s e a t a l  
s t i l l b ~  basin should be .Ased. slnee tl~ eeet i~s~1 os~es wi l l  ,'lu~ 
1 0  Oe  • 

The l~,tre.~Lte me,el study J L e m ~ t e d  ,d.th t h l  ~eeio~L 
ot' the ~.een Mou~La~"'~sa spill',m,.y 1,m.s m.41m in  ~ bpdr~LAo 
l a b e r t t e r y  c~ ths  l~u-oau of I ~ e e l ~ t l e n ,  ~ r ,  Oelorado, mQ4sr 
the immsdILte supervlslc~ c~ ths writer and ~ r ~ l  ~Iroeti~ e~ 
J. E. Warncek. llese~oh E~b~er, A l l  IAberaterlel are ~ r  
the nporvlsl~ o f ~ u r  llustt~srsm Sen io r  Ez~xwer ,  lu~R° F. 
BlazLka. E~i~er. All ~ s i ~  work is ~m~r thin geemr~ super- 
vision of J. L. Saw~, ORiel ~aig~h~ Rn~Ixmer. AIZ e~r- 
Ing ~mrk is u~r the direeticm ~ of R. F. ~aiter. OhAe£ E~i~ser! 
and all ~etlvltles of the ~ u  of Roolaamtio~ are m ~ e r  tbs 
direetic~ of Joh~ C. Pa~e, Oommisslomer. 



Maxlmtundischarge In 200-feet r a d i u s  inlet. 

7,500 second-feet 
discharging Into river. 

Maximum d i s c h a r g e  in  
f i n a l  c h u t e  d e s i g n .  


