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INTRODUCTION AND SUhMARY 

Puruose of irmvesti8rtion. Pihen water was tu rned  I n t o  the South 

Cr~nnl about April 1, 1936, some discuss ion arose concerning t h e  ac t ion  

of the s t i l l i n g  pool of t h e  chute a t  s t - t ion  25+19, constructed during 

the  win te r  1935-36, f i g u r e s  1 and 2. In  order t o  a s c e r t a i n  i f  flow 

cond i t ions  i n  t h e  stl-dcture a r e  t h e  same as those ind ica ted  by t h e  model 

tested i r ~  t h e  Denver labora tory  of  t h e  Burem of Reclamation ( ~ e c h n i c a l  

Memorandum No. 458) and wnetlner o r  n o t  the  ex i s t ing  f i e l d  condit ions am 

t h e  same a s  those under which t h e  model was t e s t e d ,  p ic ture8  were taken 

and visual observations were made of t h e  flow condit!.ons i n  t h e  atilling 

pool. Datr, were e l a o  ta!en%from a s t a f f  gage s e t  i n  t h e  tailwater and 

from t h e  recording g?ge operated by the Unconpcihgre Valley Rater Users 

Associat ion ( f igure  3 A )  . From da ta  received from M r .  Tobin, hydrographer 

f o r  the E'ater U~;ers Association, a r c ~ t i n g  curve was p l o t t e d  f o r  the 

cans1 sec t ion  above t h e  thuto ( f i g u r e  4 ) .  

This report. i s  very b r i e f  and c o n t ~ i n s  merely en out l ine  of what has 

been done znd t h e  observations and conclusions of t h e  e n g b s e r s  otat ioned 

a t  t he  Montrose Hgdrculic L a b r ~ t o r y .  ' b e  repor t  has  been p r e p ~ r e d  f o r  

t h c  purpose of recording what has been accomplished and t o  stimullte 

thought  concerniry future procedure. 

Summ.-:ry ;ad conclusions. Observntiona made of  flow condit ions i n  
t h e  s t i l l b g  pol>l of the chute . i t  s t a t i o n  25+19 an t h e  South Canal have 

led t o  t!:(> following conclusions. 
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T h e  flow condi t ions  i n  t h e  pool. Hro genera l ly  s a t i s f f t c to ry .  However, 

t h e r e  i s  pe r iod ic  sp l a sh  t h a t  over tops  t h e  sii!c> w a l l b  of  t he  F:! nelm 

t h e  po in t  where t.he j e t  impinges on t h e  t e l lwn te r .  'This splash woul2 

normally do no harm i f  r e tu rned  t;:, t h e  pool by d r e i n s .  R e  type of 

mEte r i a l  i n  the  b a c k f i l l  of this p c r t i c u l a r  s t r u c t u r e  does n o t  r e a d i l y  

bdt.pt i t s e l f  t o  dra inage  r.nd i s  i nc l ine??  t o  s l i d e  whan sntur;:ted. Should 

the  b a c k f i l l  ;:round t h e  pool become s a t u r ~ t e d  t h i s  tendency t o  s l i d e  

70~:1d e x e r t  a tremendous pressure on  t h e  s i d e  walls arld ~ r o c l d  very 

probrbly r e s u l t  i n  drjm:,ge t o  t h e  s t r u c t u r e .  In t h i s  s p e c i f i c  instaince 

h igher  side walls  mould c o r r e c t  t h e  condi t ion .  Wooden sp lash  wa l l s  have 

been i n s t ~ l l o d  which p a r t l y ,  but  no t  entirely, e l i m i n a t e  the saturstion 

of t h e  b c c k f i l l .  

A wave o r  r o l l e r  forms i n t e r m i t t e n t l y  near t h e  i n t e r s e c t i a n  of t h e  

j e t  r nd t h e  beckwater (approxim-itely s t a t i o n  "En) end moves r s p i d l y  

domstreftm through t h e  pool. There i s  an o c c a s i o m l  surge t h ~ t  t r a v e l s  

Tram cne s ide  w a l l  tongrd the  o ther .  Th i s  a c t i o n  makes a rough water  

silrfr-ce c n d  causes a wave t o  t r . .ve l  a long  t h e  brinks of  t h e  e a r t h  s e c t i o n  

?omstreern from t h e  pool  find cons iderable  erosion r e su l t s .  T h i s  e ros ion  

has bsen checked by dumpinb severti1 y a r d s  of large boulders  d o n g  the 

banks downstream from t h e  end of t h e  new l i n i n g  and upstrenrn from h 

s e c t i o n  of o ld  lining t h a t  formed part  of t h e  p a l  of t h e  drop rep lgced  

by the chute. The s p e c i f i c a t i o n 8  c a l l e d  f o r  removal o f  t h e  old drop,  

widening of the earth eec t ion  and p l a c i n g  R rack pa r ing  on t h e  bottom 

and s i d e s  f o r  a d i s t ~ n c e  of 20 f e e t  from the en6 of t h e  l inet l  pool.  Due 

Lo t h e  l a t e n e s s  of  t h e  senson m d  t h e  consezuent u r g e n t  need f c r  v n t e r  

in  the cana l  t h e  c o n t r a c t - r  war; e l loved  to withdraw from t h e  job a s  soon 

as  the concre te  l i n i n g  was poured. The c o n c r ~ t e  sectl.cn of t h e  old 

drop was l e f t  app rox ina t e ly  2$ f e e t  ebove t h e  floor of  t h e  new pool. 

The banks were not  c l e a r e a  and a slab of old l i n i n g  p r o j e c t s  hpproximately 

eight f ee t  i n t o  t h e  cen5 l  from t h e  r i g h t  bank a s t x c  d i s t ance  belov: t h e  

new pool. The dumped r i p r a p  f u r t h e r  restricted t h e  chsnnelbclovr  t h e  

pool a d  some of it had been c a r r i e d  by t h e  water o r  r o l l e d  on t o p  of 

t h e  f l o o r  of the new pool.  



If t h e  canal sec t ion  had been c leared  2nd t h e  d r y  rock paving 

placed a c c o r d h e  t o  s p e c i f i c a t i o n s  very little damace t o  tho ear th  

sides of t h e  cdal would have r e su l t ed .  The a d d i t i o n a l  r i d t h  of t he  

c m : J  s e c t i o n  ~ o u l d  have ttlllvrod t h e  r o l l e r  t o  spread cnd it poss ib ly  

would hhve been d i s s i p a t e d  a shor t  d i s t a n c e  from t h e  end of t h e  l i n i n g .  

In coapcring t h e  n c t i o l ~  i n  t h e  p ro to type  t o  thrzt i n  t h e  mde i ;  

t he re  i s  mu-,.I more white ~ a t e r  i n  t h e  prototype than t h e r e  wtis i n  t h e  

model. The totr!l l eng th  f roller i s  s l i g h t l y  g r e s t e r  i n  t he  pro to type  

t h m  i n  t h e  m.,del. 

I n  s e l e c t i n g  the - con t ro l l ing  dimensions of the wall, f lo9 r ,  sills, 

etc. ,  of s t i l i i n g  p o l s  from the results of model s t u d i e s ,  it htrs been 

t h e  u s u a l  p r a c t i c e  LO permit  t h e  des ign  t o  'be governed l a r ~ e l y  by the 

observed e f f ec t iveness  of' t h e  jump and pnrticuldrly by t h e  measured 

slevttions of t h e  ~ o l i d  wtiter i n  t h e  m3del pools. Occasions1 drops 

sf water  t.nd sprny s p l s s h i n g  i n t o  t h e  air tlnd over t h e  s i d e s  heve 

g e n e r d l y  bean ignored as of  l i t t l e  concern i n  t h e  design of pool walls. 

Observet ions i n  t h e  prototype s t i l l i n g  pool has  d i r e c t e d  a t t e n t i o n  

t o  t h e  f a c t  t h n t  vrhsre s a t u r a t i o n  of t h e  ground ad jecen t  t o  such a 

pool m.-2y a f f e c t  t h e  desi?;n of t h e  wall, the splash obverved i n  model 

s tud ies  should r~?cc.ive careful  considernt,ion. 

Reexaminat.ion of s t i l l i n g  pool modt?ls now i n  t he  l e b o r a t o ~ j  reveals 

th%qt,  slthoug!! t h e  ra~.jor hydraul ic  f e ~ t u r e s  of a po-.l muy be entirely 

s a t i s f  := c t ~ . r j l ,  considerfible s ~ l a s h  i s  an aln-wt I n v n r i a b l ~  n ccomp~.nimeat. 

Some drops reech he igh t  of t h r e e  o r  f o u r  times the h e i g h t  of the 

pocl  w a l l s ,  m d  ad jacen t  f l oo r s  a r e  completely wetted, 

It h a s  bcen thought  t h o t  t h e  c o n d i t i m s  c i t e d  : bove v:;oul.d be of 

i n t e r e s t  t o  t h e  design s e c t i o n s  ss i n d i c ~ t i n g  t h e  desirability of 

providing f'or drain~.::e o r  other ~ ~ r o t e c t  ion  of s t i l l i n g  pool embankments 

under s i m i l a r  circurnstences, 



Instr:t lr . t ianu. Toilwater  gage No. 1 (f igures  . end 5 )  aas s e t  on 

A p r i l  20, 1925, and l c v e l o  wercb nul t o  it f'ror~i 3 bench mark t o  e s t o b l i s h  

i t s  r e l ~ t i o n  t o  sea l e v e l  dztum. The grtge Tas Locntetl on the r i g h t  bank 

epyroximhtely 310 f e e t  do~rmstreorn f rom t h e  snd of t h e  new l i n i n g .  The 

zero of t h i s  gage i s  - t  elevat ion  6421.24, U.S.G.S. dr-turn. Lqter  ti 

s i m i l a r  gate ( 4 0 .  2 )  was p l ~ c e d  f a r t h e r  out i r l  t h e  canel so 6s t o  record 

t h e  lower flows, ( f ikure  5 ) .  

3n Apri' 29, 1936, t ,  break occurred i n  t h e  f l o o r  of t h s  c sna l  below 

t h e  s e c t i o n  genera l ly  refer red  t o  as the  "Seven-drop Section," ( f i g u r e  3 ) .  

It zas necessary t o  shut t he  water otlt of the cl;nal t o  make r e p ~ i r s .  

I n  chznging the  d i s c n u y e  in  t h i s  cana l  the  r . te  of chmge, vrhet21er en 

i nc reese  o r  decrease,  i s  never marc t h a n  100 secc~nd-feet per hour. k t  

t h i s  r h t e  upnrds of e igh t  hours  tire recc i rcd  t o  e m ~ t y  t h e  cznel &hen 

i t  i s  i'losFtlt, :'uU a d  ari equal m o u n t  of' time i s  required t o  r a i s e  t h e  

flog f r n m  zero t o  maximum discharge. As so011 a:, t h e  miter s t a r t e d  t o  

recede ?t the  chute tv;o men were s t a t ioned  a t  t h e  gages ma i n s t r u c t e d  

to  rec ~ r d  the  g;+-e r e e d i n g  every 15 minutes. Th i s  wss done cnd t h e  d:lta 

xere  lotted on t h e  t c i l r r a t e r  curve sheet  ( f i g u r e  6 ) .  

After till of t h e  flow wau turned out of t h e  ccnel  several photogrhphs 

were taken ( f i g u r e  7) tc shew t he  condit ion of t h o  chennel immedititely 

beinw t h e  pool. To have t: comparison by p ic tu res  of the  flow collditions 

i n  t h e  nodel snd i n  t h e  protctyps,  a g r i d  such as wh:, used on t h e  model 

pool rsll was priFr.ted sn +the r i g h t  ~ i n g  v;aU ot' t h e  prototype po,?J. with 

red  -md. xhite isalsomint. (f i y r e  5 ) .  

The loca t ion  of t h e  g r id  yystem on the  modei was funl ished by t h e  

Cbecver o f f i c e .  The gr id  consisted of  four-foot squsres  on t h e  c e n t e r  l i n e  

p ro jec ted  upon the rik:ht wing still. The vert icr : l  l i n e  J was a t  t h e  

Fn te rpec t ion  of t h e  c h u t e  f lo r r  :nd t h e  pool f l c o r ,  and the  upper 

hor i zon t - l l  Line 1 2  f e e t  a h  vc the same point .  

The  line J wet;  1ocrtt.d ( f ibure  7 D )  ?nc t h e  g r i d  system l a i d  out  

from it. It was found from a comparison of t h e  model ~ n d  prototype 
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of  t,br: ~ r o t o t y p r  ,,:riti system i i isciosed "chnt c:ue t,o :!.I) er:-or. i n  laebs7Ire- 

mc!; :.; tj?p h c r i r o n t : : l  l ineis hs i l  iiecn placed ~;ix-tent,.t!b [;1' f i  f'oo't, lower  

t h r  71 t.i.le er-.!nt: 1111t3t. :>I? tl!e xcdel.. ? h i s  error. r*u;;ul tc.6 !!ecr~u::i, t p ! r  pclcl 

*/ 11.5 f i l l e d  r:i t.h ;v:?t.er t , ~  tie:;th (IS .:! .~~roxirnfitel;r 6: feet  ond the  t o p  of 

t ! i t ~  t n ~ i n i n g  w a l l  war; n e c e s s ~ r i l y  used a s  E c o n t r o l  point,.  

It K.&S nect.ss;iry t o  c o n s t r u c t  r .  tower tc. ohtrrili ~ h o t o g r e p h s  o? t.he 

f 1 c  7 cv;iditi(.)ns sifnil~r t o  tho,rc from the rnlz.!~l., The ! ,oint  011 t h i s  

tower f ram v:!lic!~ r>::ti~gi-:.. ,h3 *., n c r e  takrn w a s  122 f ee t  :rorn t h e  center-  

l i n e  oi" t h t ?  s t i l l i n ; ;  por.1. :~nl:! on A l i n e  ycrgendiculiir t .o t!!i: cente-Line 

fit J .  The .wse of t h e  t,o!ver :?as ;it. e l evn t i on  6454.5: ?;!Ale t h e  t o p  *as 

r : t  bLP:, .13 o r  28: f e ~ t  ti bnve prciund l e v e l  (fi,;;ure 5 ) .  The  ground It.vel 

via:+ :7.47 feet, n h . 7 ~ ~  %he t, ,;? o r  ' I!e sic1? :.ir.lls of t h p  1~001. 

Procneurrd. A t  5 : 0 0  5 t .n ; .  tfi:::r 2 ,  ]9.'-6, t.he heeri;;:rste of t h ~ -  c n n - . l  ---- 
was o;:cneil nlloeinc .;om0 ~ : : ; t b ! r  t o  i:rlss i n t o  the tunrlcl. At 6:00 a.m. 

%!!e k;:t,e i m m e d i a t t ~ ~ r  :tiu?ve t1,e c h u t e  rind slightl:,~ below the ~ e c r ~ r d i r l g  

g:tse W R ~  r~~pened a n d  d s : t ?  were then rec rde3.d i~ t  both ghges simultnr~eou:;l:;. 

I ;eginnin% at t h e  disch:!r::e oi' 700 secona-feet ,  two s t i l l  p i c t u r e s  2nd 

s e v e r a l  f e  t of  rto-lie film were tc,iien f r c n  tile to.&:er ;md severzil fe6.t 

o r  movie f i l m  were t~ tke r l  fron t w o  position:; near  t h e  pool. T h i b  proco:iure 

s:r: s f o l l o w e d  : ~ t  every 100 seconri-f oot i~ lcra i se  i n  disc1:ar::e ( f i ~ u r e s  6 ,  

o , , d 0 T h l s  nork of  p i c t i l r e  t::kin& -nd gage r e a d i n g  ccnt inued 

~ ~ x i t i l  2:00 p.m. : t t  uchich timc t h e  &Lsch::rge becurne con.;t; rit ::t 825 sec<~nci- 

f e , ? t .  

M1 d6t.c 0 5 ~ i r ! e ?  were corn~)utt?f! i*llcI plott.eci n!i t h e  mc ot.1 t k i l w a t e r  

curvt, sheet  (i 'i&ure 2 ) .  i n  stcd;ring t h i s  sheet it w i l l  be o!?served 

t h e  p o i n t s  ob t .~ ined  durini: t h e  f ' r t l l .  shrsw r hi,:her t o i l v r : ~ t t ? r  e l e v r - t i ~ i n  

f - , r  . ~yiven d i s c h e r e e  t h m  t h e  po1.nts ~ b t : ~ i r ~ + f i  f iur ing t h e  r i s ~ .  T h i s  

lhc: was expected t)ec::usc. tila g rade  i n  t h e  eerttt sec t ion  riownstrertm is 

I - -  very f l r  t . A metri curve t h r c ~ u g h  till t h e  p3ints o b t r  i n e d  i s  cijnsi ster. t l y  








