


Reply At ten t ionr  290 

~eeds,  B i l l ,  ~ n d ~ ~ e w e t t ,  
Consulting Engineers ,  

1000 Ed'ron Building, 
Los Angelea, C a l i f .  

Deer Mr. H i l l :  

The hydraul ic  model t e s t a  on the, Horseshoe Spillway, nqueatsd by 
you, have recent ly  been coarplated in t he  Hydraulic Laboratory. me 
r e s u l t 8  of t h e  t e a t a ,  o t h e r  than v i s u a l ,  are enclosed. Since you were 
preaen t  and nitneseed t he  s i g n i f i c a n t  t e s t s ,  no attempt ban been made 
to d e m r i b e  c e r t a i n  v i s u l l  m s u l t a  except  t c  include photogrepha which 
provide e p a r t i d  record cf t h e  performance of t h e  s t r u c t u r e  as a nhole. 

The model was cons t ruc ted  t o  a ~ c b l e  of lr60 accordirtg tc  your 
Drawing No. 10029-HS-34.1 end jrour t c l e g r m  of September 1, 1948. The 
model included a p o r t i o n  of t h e  upstream approach channel rand the 
spillway l t a e l f ,  complet,e w i th  p i e r s ,  ga tes ,  and training-walls .  The 
lower channel, which l e a d s  t o  the river us8 indicated in t h e  model, b u t  
d i d  not  contain topography a i m i l a r  t o  the  prototype. Pieronraters were 
i n s t a l l e d  a t  intervals d o n g  t h e  cen te r l ine  of t h e  spillway from the  
crest por t ion  domstraam t o  t h e  drop off. The completed madel i n  
ope ra t ion  i s  sham i n  Figure  1. 

Tests were made according t o  your telephone request t o  M on 
August 2 5 ,  191r6, t o  determine: 

a. The over-all capac i ty  of the  sp i l lway aa reduced by the 
a d d i t i o n  of the p i e r s  f o r  t he  s p i l l w a y  gate. 

b. The d i s tu rbance  cauaed by the  p i e r a  and whether waves w w l d  
get  ,out oi' bounds of t h e  spillxogr structure. 

Yiscel laneo~ls  t e s t s  t c  determine t h e  operating c h a r a c t e r i s t i c e  of 
t h e  s t r u c t u r e  were a l s o  made according t o  your verbal. reques te  during 
your obeervation of t h 3  model. 

Tests were first made without  p i e r s  o r  g a t e s ,  t o  ciukrmine the  
splllway capac i ty  f o r  f r e e  n c w  over t h e  c res t .  The rwsulta are shown 
ae Curve A of Mgurc 2 m d  C w e  A of Figure 3. The spfllwry piers  were 

I .  then i n s t a l l e d  and ellailar curves determnined. There u shown m 

I Curve B of Figure 2 and Curre B of Figure 3. Flow over t h e  crest i a  n o t  



higher dircharger, the f low Ls mredPceB by tbs piera, the dlffamatiol 
becoming progxwsrlvely p a t a r  unt i l  at  maimam maomolr olerution m36, 

- 8  
the r a h a t i o n  i r  about 6 percent. 

Alro plottrd an Figure 2 an thrva m m e  rhmhg the d loahuyr ,  
for the entire rmge of headwater elevation, thrt w y  k pumd the 8 

gates fixed at  the 101, 2+, and 30.76-foot gate opsl3frPga. 

hrhg the s p i l l r y  calibration t a r t r ,  ruoegwp.nta *re B&O to 
dsterriw the drawdam alongride tho control harure i n  the rroamoir. 
Point gage mmrmromants indieatad that for a d i a c h u g s  of 2&2,000 w a d -  
feet the water mrfam a t  the oontrol hmm +aa 0.9 foot l m r  than ?&a 
true hradunter elevation.  ?or 100,000 8 c s ~ o n d r 8 ~ f  %ha dFif~r9naO mtmW 
t o  only 0.3 foot .  

Testa wi th  the pier6 in p1.w i n d i c a t d  that pronounaed diuPord-6h4md 
wave patterns were formed between the pierr, ?im 4, Md tbe patterm 
persisted over the ent i re  cpilluay woe, B i w r  5 ,  6 ,  and 7. A t  no t b a ,  
however, nab there a tendancy toward ov@rtoppi.ng tba dtmwt~eam ~ 1 1 3 , ~ ~  
training-udla. For all heads, di8chaflp(ls, and 8ife opsnira(. afth %he 
gates operated uniformly, f l o w  conditions were rntiroly satirf.otoqr. 
Although the model scale, lr60, was too m u l l  for  the wdol to rnrpicrcta 
splrah, it i s  believed t h a t  no nignifieaut mount. of aplauhpsg w m .  

The p i s r a ,  considering the fact t h a t  they intercept the flow in a 
hlgh-relccity a r e a ,  perfcrmed satirfactarily.  Although no coaparatlve 
teata were made, it i s  believed that they offered a miniwrn of ~ . s S r k a c r s  
t o  the flow. 

Studizc of the f low conditions in the spillrr*y appsoach EhnmPel 
indicated that each of the n h q  corners on the rook excavation cawed a 
nzticeable contraction 3.n the flm. Tbe eddy on the  right aide (looking 
downstram) cf the a p i l l w r y  caused a r i r e  in the wahs ~ u r f a c e  at t$a 
upstream end of the right training-wsbl and dlschrgea above 200,000 
aecond-feet overtopped the w a l l .  The npstresm end of W a  w a l l ,  us far 
downstream as the gate,  should be raised 2 t o  3 feet t o  c o m c t  t h i ~  
c o n d i t i o n .  A s imilar f l o w  ccndlt ion on the l e f t  side of the spillwry 
caused a rise in water surface dong the aide of the piar murat W 
left w a l l .  To raljsve t h i s  condition, the l e f t  approach corner WM cut 

I back 10 feet a t  elevation 1992 and A 1/211 slope was maintaimd tmtil. it 
ran out a t  the top. T h i s  reduced the e levat ion of  tha water surface dong 
the pier face by approximPtely 5 feet for a diecharge of 230,000 swcand- 
f ~ - t .  F ~ ~ U I W  8 chows the improved flow i n  the qpmach and Figure 9 
shows the water surface profi le along the pier face after the comer n m  
removed. 

0 

Preseurvla w e r e  recorded for eaah aondition tartad. 1Sl p m m r  
nere found t o  be above atmrpherfc sxaept for the oomlit im w i t h  the gab 
fixed a t  t h e  10lfooL open poaitfon. In this p o s i t f ~ ,  a mall.  -a of tho 
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crest showed pres su res  belm atmospheric.  This  nega t ive  preesurc 
increased  w i t h  higher heeds, but aincel it was only 4 f e e t  below 
~ t m o s p h e r l c  f o r  the  maximum roae rvo i r  e l eva t ion ,  i t  was n c t  ccnsldered 
dangerous. Figure 10 showa t h e  p r e e m r e s  obtained for two of t h e  
1-foot opening tes ts .  No , t e s t s  were made with ga t e  openings lees than 
10 feet, s i n c e  it was you r  opinion t h & t  the s t r u c t u r e  would never be 
ope ra t ed  with small ga t e  opsninee. It t c  the  opinion of t he  l a b o r ~ t c r y ,  
however, t h a t  more aeverp aubatrnospheric pressures  rill s x j s t  i f  t h e  
g a t e &  are operated a t  small openings and h i g h  heads.  

When the  ga t e s  were o p e r ~ t e d  nonunifonJ.y,  t h e  flow nsa c~ncentrr i teci  
nn t h e  s i d e  of t h e  spi l lway downstrerun from the widest open e a t s .  W~ves  
on t h a t  side of the a p i l l w ~ y  were somewhat h ighe r  thm usual, and t h e  
f lm tended t o  trsvel  d iagona l ly  a c r o s s  the s?illwey. Eowever, even for 
extremely d i f f e r e n t  g a t e  openines f o r  the  three g a t e s ,  nr: h ~ n r f u l  flow 
condi t ions  developed. 

An analy3ia  of the c a l i b r a t i o n  d ~ t a  ind ica ted  t h a t  :he spi l lway c n s t  
p r o f i l s  ma3 i n  cffso,t a broad-crested weir and t h a t  it woulrl be possll~?.e 
t o  design a crest having a h igher  c o e f f i c i e n t .  Accordingly, a new c r a ~ t ,  
designed t o  produce atmospheric cr  h igher  prdssures f o r  a d i scharge  of 
200,000 second-feet,  was i n s t ~ l l e d  i n  t h e  model i n  t h e  p o s i t i o n  s h o m  j n 
Figure 11. The c r e s t ,  at e l eva t ion  2W.0, aas thus 2.0 f e e t  h i g h e r  them 
t h e  o r i g i n a l .  No phezomters were i n s t a l l e d  i n  t h i s  crest becc:~se r,f 
your des i re  t o  expedite t h e  model tests. 

I n  opera t ion  the nsw c r e s t  performed very much as the  originall .  No 
s i g n i f i c a n t  d i f f e r ences  i n  ope ra t ion  were apparent  f r o n  v j s u d  in spec t i cn  
except  i n  the narrow bay on t h e  left s i d e  of t h e  spi l lway.  A s  s h o m  i n  
F igure  1 2  f o r  a discharge of 100,000 second-feet,  t he  p r o f i l e  was 
p r a c t i c a l l y  leva1 along the p i e r  f ace  neerest t h e  camera. Surface 
v e l o c i t i e s  also were lower  because of a vary smll s tanding  wave which 

For a f l o w  n f  2 & 2 , W  second-feet  the water aurface  prof ils w a s  f o r  
a l l  p r a c t i c a l  purposes below t h e  bottom edge of t h e  ga t e  when the ga t e  WAY 

i n  the  ful ly  open pos i t i on .  The gate l o c a t i o n  was not  changed when the 
new c r e s t  was installed. A cornpariaon of Curvlss B mJ C of  Figure 3 
indicates t h a t  t h e  c o e f f i c i e n t  f o r  maxirlum discharge  wos raiaed frcz 
3.02 t o  3.36 and although t h e  c r e s t  was r a i s cd  2 fact tf.e new c r e s t  rill 
pass   OM second-feet more water  at r e s e r v o i r  e l e v a t i o n  2335, as sb3wn 
by Curve C of Figure 2. The use of the  new c r e s t  may result i n  row savjng 
i n  concrete  and if the  gates can be made t o  seat or. tke crest a reduct ion  
I n  gate height nauld result. 
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Tho Iforreshoe Spillway model will probably bs kept intact in  the 
laboratory for a month, at least, and if you require additional t e a t s  or 
data the model rill be uvnilabla for that purpose. 

Sincerely your8, 

L* H e  YcClellm, 
Chief EngiReer. 



y r e  I. 
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Figure 4 

The diamond pattern between the piers originates at the pier noses .  
Wave pattern shown i s  for 10,000 second-feet. 



rn Figure 5 





Figu 



Figure 8 



Water surface profiles along the pier faces are satisfactory. The 
profile along the left face of the left pier (face nearest the camera) 
is  still affected slightly by the contraction in the approach channel 
even though the sharp corner has been removed. The discharge i s  
100,000 second-beet . 







Figure 12 

For a discharge of 100,000 second-feet the profile along the pier 
face nearest the camera is nearly level. Crest No. 2 is in place, 
and the left approach corner is rounded as shown in Figure 13. 



Flow conditions near and downstream from the rounded approach z 
corner are improved. Discharge 100,000 second-feet. Compare C 

with Fimre 8. w 




