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General v i c i n i t y  nap showing loca t ion  of Cherry Creek Dam 
Out le t  works, i n i t i a l  phase 
3 t i l l i n&-bas in ,  i n i t i a l  pl~ase 
S t i l l i ng -bas in ,  f i n a l  phase 
L ~ t e n t  m d  l ayou t  o; 1:2$ sca1.e rnodel 
1:28 s c a l e  modal--Cri&nal des ign ,  i n i t i a l  phase 
S t i l l i ng -poo l  opera t ion ,  i n i t i a l  phase--Left conduit  and two 

ou t s ide  conduits  d ischarg ing  
S t i l l i ng -poo l  opera t ion ,  i n i t i a l  phase--Center conduit  and 
a l l  conduits  d ischarg ing  

S c o w  t e s t  results, i n i t i a l  phase 
S t i l l i ng -poo l  opera t ion ,  f i n a l  phase--Center conduit  and l e f t  

condui t  d ischarg ing  
S t i l l i ng -poo l  opera t ion ,  f i n a l  phase-Outside conduits  and 

t h r e e  conduits  d i scha rg ing  
S t i l l i ng -poo l  opera t ion ,  f i n a l  phase--Three condui t s  

operat ing and scour  t e s t  r e s u l t s  
Scour t e s t  r e s u l t s ,  f i n a l  phase, no b a f f l e  p i e r s  
Second b a f f l e  p i e r  des ign  and locaz ion  
S t i l l i ng -poo l  opera t ion ,  second b a f f l e  p i e r  design-Outside 

conduits  and t h r e e  conduits  discharging 
Scour t e s t  r e s u l t s ,  second b z f f l e  p i e r  des ign  
S t i l l i ng -poo l  ope ra t ion ,  no d iv id ing  walls--IIollow-jet va lve  
discharging 

S t i l l i ng -poo l  opera t ion ,  s h o r t  d iv id ing  walls-Three conduits  
discharging and scour  t e s t  r e s u l t s  

Second d iv id ing  w a l l  des ign  
S t i l l i ng -poo l  opera t ion ,  second d iv id ing  w a l l  design-Three 

conduits  and ou t s ide  condui t s  d ischarg ing  
S t i l l i ng -poo l  opera t ion ,  recommended design-Three condui t s  
discharging and scour  t e s t  r e s u l t s  

Flow i n  c e n t e r  condui t ,  and l e f t  ou ts ide  condui t  
I r r i g a t i o n  i n l e t ,  des ign  and loca t ion  
I r r i g a t i o n  i n l e t ,  i n s t a l l a t i o n  i n  model 
Operation of i r r i g a t i o n  i n l e t ,  g a t e  opening 4 f e e t  
Operation of i r r i g a t i o n  i n l e t ,  ga t e  f u l l y  open 
Water su r face  profiles i n  i r r i g a t i o n  c a n a l  
Discharge c a p a c i t y  curves f o r  c r e s t  and g a t e  of i r r i g a t i o n  

i n l e t  
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Subject:  Hydraulic model s tud ies  of t he  Cherry Creek D a n  Outlet 

Hydraulic model s tud ies  were made on t h e  ou t l e t  works and on t h e  1 

-. - -  

study the flow conditions i n  t h e  downstream portion of the  ou t l e t  con- I 
model was b u i l t  from plans furnished by t h e  ~ ; ; k t e d  S ta tes  Engineer 
Office, Denver, Colorado, except f o r  t he  i r r i g a t i o n  i n l e t  s t ruc ture  which 
was designed by the  l3urea.u of Reclamation. 

These s tudies  were made f o r  the  United S t a t e s  Enaineer De~artment 
- - - -  - - - -  -- - - - -  - -- 

0------ # 

I 
United States  h g i n e e r  Gff'ice, Denver, Colorado and t h e  Chief Engineer, 
Bureau of Reclamation, 

I A s  the  ou t l e t  works was t o  be constructed i n  two ~ h a s e s .  t he  I 

with a m a x i m  t o t a l  discharge through the  three  conduits of 6,000 
second-feet a t  reservoir  elevation 5535. The conduits a r e  controlled by 
slide-gates located near the upstream end. Operation of t h e  model, 
Figures 7 and 8, showed t h a t  t h e  design of the  ou t l e t  works, i n  general, was 
sat isfactory.  

I n  the f i n a l  phase. F i m r e  h.  with the  reservoir  a l s o  s ewinn  fo r  

located a t  t h e  downstream end. The maximum discharge f o r  a l l  t h r e e  nnndlli+.a '1 
is 9,400 second-feet with reservoir  elevation 5598 fee t .  Mod 
Figures 10, 11, and 12, showed tha t  no ma j o r  changes t o  t he  stj.l.lkng-bas& . were necessary, I 

Minor changes i n  the  s t i l l ing-bas in  were made, however, and tested.  -.; O f  t h e  various dividing w a l l s  t e s ted ,  Figures 4 and 19, t h e  o r ig ina l  
design resulted i n  the best-appearing basin act ion and it was used i n  t he  
recommended design. 

upstream from t h e  o r ~ g i n a l  posi t ion were fo&d t o  povideSgrea te r  energy 
d i ss ipa t ion  i n  t h e  upper end of the basin and were recommended f o r  t he  



prototype s t ruc tu re .  The change i n  b a f f l e  p i e r  shape and loca t ion  was 
t h e  onlv  modificat ion of t h e  orieinal dnsiun +.hat. wan re ta ined i n  t h e  I 

Studies  were a l s o  made on an i r r i g a t i o n  canal  i n l e t  near the  
downstream end of the s t i l l inu-bas in -  Tt i s  nnssi h l e  t h a t  before t h i s  

t p a r t  of t h e  s t ruc tu re  i s  buil ' i  i n  the  f i e l d ,  &iny d e t a i l s  of t h e  i r r i g a -  
t i o n  i n l e t  w i l l  be changed; ounsequently t e s t s  a t  t h i s  t h e  were made 
only t o  determine the f e a s i b i l i t y  of  the  s t ruc tu re .  Tes ts  on a prelim- 
i n a r y  i n l e t  design and a por t ion  of t h e  proposed canal  indica ted  t h a t  
s a t i s f a c t o r y  entrance condit ions exis ted  and t h a t  a simple s t r u c t u r e  
would be s u f f i c i e n t  t o  obta in  i r r i g a t i o n  water from t h e  chznnel at  t h e  
downstream end of t h e  o u t l e t  works s t i l l ing-bas in .  Figure 23 shows t h e  
d e t a i l s  of  t h i s  s t r u c t u r e  and Figures 25 and 26 show t h e  i n l e t  i n  
operat ion,  

Mation p ic tu res  of t h e  performance of each phase were made a s  t h e  
t e s t  progressed, Copies a r e  on f i l e  i n  t h e  Iigdraulic Laboratory of t h e  
Bureau of Reclamation and i n  the  United S t a t e s  Engineer Office, Denver, 
Colorado. I 

Cherry Creek Dam i s  located  on Cherry Creek 10 miles southeast of 
Denver, Colorado, Figure 1, It i s  a compacted ea r th  s t r u c t u r e  " 
l.45 f e e t  above stream bed ar.d forms a rese rvo i r  with a rn- capac i ty  of 
250,000 acre-feet .  An o u t l e t  works w i l l  r e l ease  water i n t o  Cherry Creek 

1 

I and an overflow spil lway w i l l  d i v e r t  flood flows i n t o  West Tol lgate  Creek. 

The o u t l e t  works located near t h e  r i g h t  ballk c o n s i s t s  of t h r e e  
conduits which pass through t h e  base of t h e  dam and discharge i n t o  a con- 
c r e t e  s t i l l ing-bas in .  d t r a s h  rack is provided at t h e  entrance and each 
conduit is  control led  by s l ide-gates  located  i n  t h e  gate  s t r u c t u r e ,  

Construction and onerat ion of t h e  out.1et w o r k s  is i n  two ~ h a s e s .  In  
rn i t s  i n i t i a l  phase, t h e  primary purpose of t h e  dam i s  f o r  f lood control ,  

T h i s  phase as o r i g i n a l l y  designed i s  shown i n  Figures 2 and 3. During 
flood c o n t r o l  operat ion it is  planned t o  hold t h e  s torage  i n  t h e  r e s e r v o i r  
below 20,000 acre-feet.  Thus, t h e  m a x i m u m  rese rvo i r  e levat ion w i l l  not  
exceed 5535 f e e t  and t h e  corresponding maximum discharge f o r  a l l  th ree  
of the  o u t l e t  conduits i s  6,000 second-feet. This i s  a l s o  t h e  ma- 
flow t h a t  t h e  Cherry Creek Channel can accommodate. ~ a r t . i . c u l a r l y  i n  t h e  

I n  add i t ion  t o  f lood control ,  it i s  planned t h a t  t h e  f i n a l  phase of  t h e  
* Cherry Creek Dam w i l l  provide f o r  s torage  of i r r i g a t i o n  water  d ive r ted  

from t h e  Blue River, Release of i r r i g a t i o n  water w i l l  be made through t h e  
cen te r  conduit of t h e  o u t l e t  works. Regulation w i l l  be provided by an €34- 
inch hollow-jet valve located on t h e  downstream end of a 7-foot-diameter 
pressure conduit i n s t a l l e d  ins ide  t h e  centep conduit,  Eventually, an 
i r r i g a t i o n  canal  on t h e  r i g h t  bank w i l l  take water from t h e  downstream end 
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b of t h e  sp i l lway c r e s t ;  e l s v a t i o n  5598, t h e  maximurn  d i scharge  of t h e  
o u t l e t  works w i l l  be 9,400 second-feet. S ince  t h e  capac i ty  of t h e  
channel below t h e  dam i s  only 6,000 second-feet, however, t h e  r e s e r v o i r  
w i l l  be con t ro l l ed  t o  prevent  h igher  discharges u n t i l  a f t e r  t h e  channel 
i s  enlarged. 

O U T L E T  W O i i K S  STUDIES 

Model s t u d i e s  were made on both t h e  i n i t i a l  and f i n a l  phases of 
opera t ion  of t he  o u t l e t  works, No changes i n  t h e  des ign  of t h e  s t i l l i n g -  
bas in  were made u n t i l  t e s t s  on t h e  f i n a l  phase were underway. The e f f e c t  
of modif ica t ions  t o  the  d iv id ing  walls and t o  t h e  b a f f l e  p i e r s  were then 
tested, Before completion of t h e  o u t l e t  works s t u d i e s  on t h e  f i n a l  phase, 
t h e  i r r i g a t i o n  canal in t ake  was i n s t a l l e d  i n  t h e  model and t e s t e d  t o  
dete-mine t h e  r e l a t i v e  e f f e c t s  of t h e  two s t r u c t u r e s ,  

I n  the  s t u d i e s  of t h e  o u t l e t  works the  performance of t h e  s t i l l i n g -  
bas in  was of major importance. The f a c t o r s  considered i n  determining 
t h e  e f f ec t iveness  of the  bas in  were t h e  he igh t  o f  waves i n  t h e  channel 
below the  apron, t h e  v e l o c i t y  d i s t r i b u t i o n  at  t h e  end of t h e  apron and 
i n  t h e  channel,  and scour  immediately below t h e  bas in  end s i l l .  Observa- 
t i o n s  and photographs were a l s o  nade of t h e  f low i n  t h e  conduits, 
p a r t i c u l a r l y  i n  and near  the t r a n s i t i o n  s e c t i o n s  a t  t h e  p o r t a l s ,  

The 1:28 Sca le  Model 

Severa l  f a c t o r s  were considered i n  determining t h e  approximate model 
s c a l e ,  b u t  s ince ,  i n  t h e  f i n a l  phase, t h e  prototype used an 84-inch 
hollow-jet valve, a model s c a l e  of l r 2 8  was s e l e c t e d  t o  permi t  t h e  u s e  
of a model 3-inch hol101.r-jet va lve  which was in s tock  a t  t he  labora tory .  
It was be l ieved  t h a t  a sma l l e r  valve would n o t  make evident  t h e  problems 
t o  be considered, 

The model, Figures 5, 6A, and 6B, was contained i n  a wooden headbox 
and t a i l b o x  l i n e d  with s h e e t  metal ,  The t h r e e  o u t l e t  condui t s  were con- 
s t r u c t e d  of s h e e t  meta i  and were provided with b r a s s  s l ide-ga tes  at t h e  
upstream end. Because t h e  s t u d i e s  were concerned only with t h e  o u t l e t  
ends, t h e  condui t s  were made s h o r t e r  than  t h e  t r u e  s c a l e  l eng ths ,  How- 
ever ,  proper model-prototype r e l a t i o n s h i p  of v e l o c i t i e s  a t  t h e  condui t  
p o r t a l s  was obtained f o r  any d ischarge  by appropr i a t e  s e t t i n g s  of t h e  
s l ide-ga tes  and t h e  water su r face  e l eva t ion  i n  t h e  headbox, 

The s t i l l i n g - b a s i n  f l o o r  was formed i n  concre te  screeded t o  metal  
templates  and t h e  t r a i n i n g  walls were cons t ruc ted  of wood faced with s h e e t  
metal .  The d iv id ing  wal l s  and b a f f l e  p i e r s  were made of o i l - t r e a t e d  wood. 
A 125-foot l ong  s e c t i o n  of  t h e  channel dowstream from t h e  s t i l l i n g - b a s i n  
was molded i n  sand and t h e  remainder was formed i n  concre te  p l a s t e r e d  over  
meta l  l a t h .  



placed a t  t h e  extreme lower end of t h e  model, s u i t a b l e  gages were employed 
t o  measure t h e  headwater and tai l -water  e l e v a ~ i o n s ,  Water t o  t h e  model 
was supplied by  a por t ab le  6-inch pump and was measured by an  o r i f i c e  
meter  i n  the  8-inch l i n e  between t h e  pump and model, A rock b a f f l e  i n  t h e  
headbox served t o  smooth out the  f low from the  supply  pipe before  it 
entered  t h e  condui t s ,  

~' Tes t s  On S t i l l i n g - b a s i n  

I n i t i a l  phase. Operation of t h e  s t i l l i n g - b a s i n  f o r  t h e  i n i t i a l  phase, 
Figure 3, with  one ou t s lde  conduit  d ischarg ing  2,275 second-feet i s  shown 
i n  Figure 7 A  and with both ou t s ide  condui t s  d ischarg ing  a t o t a l  of 
4,550 second-feet i n  Figure 7B, The cen te r  conduit d ischarg ing  1,450 
second-feet i s  shown i n  Figure 8A and a l l  t h r e e  condui t s  d ischarg ing  a 
t o t a l  of 6,000 second-feet 1s shown i n  Figure 8B, For t h e  f low cond i t ions  
shown i n  F igures  7 and 8, ope ra t ion  of  t h e  s t i l l i n g - b a s i n  was e n t i r e l y  
s a t i s f a c t o r y .  Veloci ty d i s t r i b u t i o n  at t h e  end o f  the  aprpn was e x c e l l e n t  
f o r  t h e  flows t e s t e d  and i n  no case  were eddy c u r r e n t s  objec t ionable ,  even 
w i t h  t h e  unsymmetrical opera t ion  of one ou t s ide  conduit,  Figure ?A. Wave 
he igh t s  were measured i n  t h e  channel about  125 f e e t  from t h e  end o f  t h e  
apron. For t h e  6,000 second-foot d ischarge  t h e y  were approximately one 
f o o t  high. 

Scour was observed f o r  t h e  four  flow cond i t ions  o f  F igures  7 and 8, 
and a record t e s t  was made, Figure 9, o f  t h e  scour  a f t e r  ope ra t ing  one 
hour a t  6,000 second-feet and t a i l w a t e r  e l e v a t i o n  5502,8, t h e  most s eve re  
condi t ion .  Very l i t t l e  movement of  t h e  c h a ~ e l  bed m a t e r i a l  r e s u l t e d .  . 
F i g m e  9 shows two smal l  d e ~ o s i t s  of  sand on the  downstream end of  t h e  
apron c lose  t o  t h e  c e n t e r l i n e  of flow from each ou t s ide  conduit. This w a s  
probably c a r r i e d  by bottom c u r r e n t s  from around t h e  end of each t r a i n i n g  
w a l l .  Erosion c lose  t o  t h e  end s i l l  and a t  t h e  end o f  t h e  t r a i n i n g  walls 
was neg l ig ib l e .  

A s  t h e  s t i l l i n g - b a s i n  performance was s a t i s f a c t o r y  and s i n c e  it was 
bel ieved t h a t  flow i n  t h e  f i n a l  phase would be  more severe,  it w a s  dec ided  
t o  proceed t o  t h i s  phase be fo re  experimenting with modif ica t ions  i n  t h e  
design.  

F i n a l  phase, The c e n t e r  conduit w a s  modified and a n  84-inch hollow- 
j e t  va lve  was i n s t a l l e d  on t h e  downstream end f o r  t h e  t e s t s  on t h e  f i n a l  
phase, Figure 4, The maximum flow of 1,500 second-feet from t h e  hollow- 
j e t  valve i s  shown i n  F igure  10A, Figure 10B shows one ou t s ide  conduit  
d ischarg ing  2,275 second-feet. I n  Figure 1 1 A  both outs ide  condu i t s  a r e  
shown ope ra t ing  with a t o t a l  f low of 6,000 second-feet and Figure  11B shows 
a l l  conduits  d ischarg ing  s t o t a l  of 9,400 second-feet. Three condui t s  
d ischarg ing  a t o t a l  flow of 6,000 second-feet i s  shown i n  Figure 12A. The 

v h ighe r  r e s e r v o i r  head i n  t h e  f i n a l  phase r e s u l t e d  i n  g r e a t e r  v e l o c i t i e s  
from t h e  condui t s  than occurred i n  t h e  i n i t i a l  phase, bu t  ope ra t ion  was 
s t i l l  s a t i s f a c t o r y ,  S t i l l i n g - b a s i n  a c t i o n  with t h e  maximum discharge  of 



only one-half f o o t  h i chc r  them f o r  t h e  lower d ischarge  of 6,000 second- 
f e e t ,  Observations of t h e  t e s t s  i nd ica t ed  good v e l o c i t y  d i s t r i b u t i o n  i n  
t h e  lower channel,  This i s  a l s o  ind ica t ed  by t h e  appearance of t h e  water 
su r face  i n  t h e  photographs, 

Scour i n  t h e  chcmnel,  F igure  12I3, a f t e r  one hour of opera t ion  a t  6,000 
second-feet was s l i g h t ,  Sand depos i t s  on t h e  end of t h e  apron were present  
as before  and very minor e ros ion  occurred near  the  end s i l l ,  Using t h e  
scour t e s t s  a s  a b a s i s  f o r  judging t h e  e f f ec t iveness  of t h e  s t i l l i n g -  
basin,  i t  was evident  t h a t  t h e  length  of t h e  h o r i z o n t a l  apron of t h e  bas in  
could be reduced, This w a s  subs t an t i a t ed  i n  a l a t e r  s c o u r  t e s t  f o r  a 
d ischarge  of 9,400 second-feet,  Ifowever, t e a t s  on a s h o r t e r  apron were r . ~ t  
made s i n c e  t h i s  a d d i t i o n a l  length  represented a margin of s a f e t y  which t h e  
United S t a t e s  X n ~ i n e e r s  des i r ed  because of poor foundat ion condi t ions ,  
?'he gene ra l  s t i l l i n g - b a s i n  des ign  was consequently accepted a s  sa t i s fBac to ryO 
Further  i n v e s t i g a t i o n  was confined t o  changes i n  t h e  d iv id ing  wal l s  and 
b a f f l e  p i e r s ,  

B a f f l e  p i e r s ,  During t h e  t e s t s  on t h e  i n i t i a l  and f i n a l  phases of t h e  
s t i l l i n g - b a s i n  it was noted t h a t  t h e  o r i g i n a l  b a f f l e  p i e r s  were not  f u l l y  
e f f e c t i v e  because t h e y  were loca ted  t o o  f a r  downstream, Figure 3.  I n  
order  t o  eva lua te  t h e  e f f e c t i v e n e s s  of t h e  p i e r s  i n  t h i s  o r i g i n a l  pos i t i on ,  
t he  model w a s  operated with a l l  b a f f l e s  removed, Flow a t  t h e  downstream 
end of t he  s t i l l i n g - b a s i n  appeared t h e  sane whether o r  not  t h e  b a f f l e s  were , 

i n  p lace ,  Scour was s l i g h t  a f t e r  one hour of opera t ion  a t  6,000 second-f e e t ,  
Figure 13, ?'he only d i s c e r n i b l e  d i f f e r e n c e  i n  t h e  e ros ion  p a t t e r n  was 
t h e  absence of t he  sand d e p o s i t s  on t h e  doimstrear;l cnd of t h e  apron with 
the  b a f f l e s  removed. 

A s  a r e s u l t  of  t h e  foregoing s tu t i ies  t h e  second b a f f l e  p i e r  des ign  
was i n s t a l l e d  i n  t h e  m ~ d e l ,  Figure 14, A s  s h o w  i n  t h e  f igu re ,  two rows 
were used as before,  but t hey  were placed f a r t h e r  upstream between t h e  
d iv id ing  wal l s ,  (+eration a t  6,000 second-feet t h e  two ou t s ide  
conduits  open i s  shown i n  Figure 1 5  A and with a l l  t h r e e  condui t s  flowing 
i n  Figure 15  B, I n  t h i s  p o s i t i o n  the  b a f f l e s  were d e f i n i t e l y  a id ing  i n  
t h e  d i s s i p a t i o n  of energy as evidenced b:r t h e  increased  turbulence  at t h e  
upstream end of the s t i l l i n g - b a s i n ,  The l o c a t i o n  of  t h e  jump and t h e  
appearance of t h e  s t i l l i n g  a c t i o n  was otherwise unchanged from t h e  t e s t  
with t h e  f i r s t  b a f f l e  p i e r  design,  Scour a f t e r  one nour of opera t ion  a t  
6,000 second-feet and t a i l w a t o r  e l eva t ion  5502.8 i s  shown i n  Figure 16. 
Erosion was s l i g h t  with small  sand depos i t s  occurr ing on t h e  downstream 
end of t h e  apron s i m i l a r  t o  those  observed with t he  o r i g i n a l  b a f f l e  p i e r s ,  
This b a f f l e  p i e r  des ign  and p o s i t i o n  was considered s a t i s f a c t o r y  and it 
was r e t a ined  i n  t h e  model f o r  t h e  remainder of  t h e  s t u d i e s .  

Dividing wal l s .  To determine t h e  e f f e c t  of t h e  d iv id ing  w a l l s  on t h e  
opera t ion  of t h e  s t i l l i n g - b a s i n ,  t h e  f i rs t  t e s t  was made with t h e  walls 
removed, I n  Figure 17 two views a re  shown with t h e  hollow-jet va lve  dis- 
charging 1,500 second-feet. Unstable flow i n  t h e  s t i l l i n g - b a s i n  is  evident  



- A 

unfavorable condit ion showed t h a t  wa l l s  were necessary t o  d i r e c t  t h e  
flow; consequently no a d d i t i o n a l  t e s t s  were made without d iv id ing  walls, 

Short  walls  were next  i n s t a l l e d  c o n s i s t i n g  of t h e  o r i g i n a l  wal l s ,  
Figure 4, b u t  extended only froln t h e  p o r t a l s  t o  t h e  toe  of t he  chute,  
j t a b l s  flow condi t ions  were found i n  the  s t i l l i n g - b a s i n  with t h e  operat ion 
of any one o r  two cozdui t s  r?nd cpe ra t ion  was s a t i s f a c t o r y  wi th  a l l  con- 
d u i t s  discharging,  Figure 18 A ,  Scour a f t e r  a one hour t e s t  a t  6,000 
second-feet,  Figure 18  By ,  was t h e  same a s  found with t h e  longer  wal l s ,  
Figure 16 ,  A small  sand depos i t  occurred on t h e  apron near  t h e  l e f t  
t r a i n i n g  wall.  

The only  objec t ionable  f e a t u r e  o f  t h e  opera t ion  with t h e  s h o r t  walls  
i n  p lace  occurred when opera t ing  d t h  any condui t  c losed  and an  ad jacen t  
conduit  open, For t h i s  condi t ion  a n  eddy formed on t h e  apron a t  t h e  end 
of t h e  d iv id ing  wall ,  It was caused by a cross-flow of water from t h e  
h igher  water  sur face  e x i s t i n g  downstream from t h e  closed condui t  i n t o  
t h e  lower a r e a  below t h e  opsn conduit ,  Because of t h e  improved appearasce 
of t h e  a c t i o n  i n  t h e  bas in  t h e  United S t a t e s  Engineers 'decided t o  use 
longer  d i v i d i n ~  wa l l s ,  

The second d iv id ing  wa l l  des ign  proposed by t h e  United S t a t e s  I 

Sngineers ,  Figure 19, was i n s t a l l e d  i n  t h e  model 'and t e s t e d o  With t h r e e  
conduits  discharping 6,000 second-feet, Figure 20 A, flow condi t ions ,  i n  
genera l ,  were s i m i l a r  t o  t h e  o r i g i n a l  wai l  des ign  except t h a t  water clircbed 
t h e  slop in^ s ides  of t h e  p i e r s  near  t h e  upstream end as shown i n  Figures 
20 A and 20 5. 30th ou t s ide  condui t s  operatinl-: 1 6 t h  a t o t a l  f l o w  of . .. 
byOOO second-feet is shown i n  Figure 20 2, irlth t h e  c e n t e r  conduit c losed,  
a cross-flow r e s u l t e d  as witti t h e  previous t e s t  w i t 1 1  short et. wal ls ;  
however, i t  was much l e s s  pronouiiced, Due Lo t h e s e  cond i t ions  it was 
decided t o  r e t a i n  t h e  o r i g i n a l  d i v i d i n g  wal l s  f o r  t he  s t i l l i n g - b a s i n ,  

liecornmended s t i l l i n g - b a s i n ,  S ince  the  performance of  t h e  o r i g i n a l  
5 t i l l i n p b a s i n  was s a t i s f a c t o r y  f o r  both the  i n i t i a l  and f i n a l  phases 
of opera t ion ,  t h e  o r i g i n a l  design of t h i s  basin i s  recol?unended f o r  f i e l d  
cons t ruc t ion  except f o r  t h e  shape and l o c a t i o n  of t h e  b a f f l e  p i e r s ,  
The recommended bas in  i s  s h o w  i n  Figure 14, and opera t ion  i s  shown i n  
Figure 15 ,  X ?L B, Scour a f t e r  one hour opera t ion  a t  6,000 second-feet i s  
shown i n  Figure 16, Action of t h e  s t i l l i n g - b a s i n  f o r  a l l  condui t s  
flowing a t o t a l  of 9,400 second-feet i s  shown i n  Figure 21. Scour, 
S i ~ u r e  21B, a f t e r  one hour opera t ion  a t  9,400 second-feet i s  s i m i l a r  t o  
t h a t  f o r  a discharge of 6,000 second-feet except  t h a t  t h e r e  a r e  no sand * 

depos i t s  on the  apron. Grea te s t  depth of scour,  e l eva t ion  $431, occurred 
j u s t  down st re an^ from t h e  end s i l l ,  

Tes t s  on Conduits 

Center conduit.  I n  t h e  i ~ i t i a l  phase o f  tile s t i l l i n g - b a s i n ,  the 
c e n t e r  c i r c u l a r  conduit  changed ab rup t ly  i n t o  a r ec t angu la r  sec t ion ,  



Figure 3,  a t  t h e  downstream end t o  provide space f o r  i n s t a l l a t i o n  of t he  
hollow-jet va lve  i n  t h e  f i n a l  phase, Flow i n  t he  rec tangular  s e c t i o n  
f o r  a d ischarge  of 1,500 second-feet i s  shown i n  Figure 22.4, Water 
climbed t h e  s i d e  w a l l s  a t  t h i s  p o i n t  because of t h e  d is turbance  c rea t ed  

I t o  be unnecessary and i t  was not  i n s t a l l e d - i n  the  model. I 
I 0utsi.de condui t s ,  Each ou t s ide  conduit had a 4 O  bend 60 f e e t  

from the  p o r t a l s ,  Figure 2, The bends were necessary, i n  t h i s  
1 design,  t o  provide c l ea rance  f o r  t h e  hollow-jet valve t o  be placed on I 

bends were represented by 40 angles  i n  t h e  model, It was noted i n  a l l  
t e s t s  t h a t  the  depth of flow l eav ing  t h e s e  condui t s  was g r e a t e r  a long 
the  outs ide  t r a i n i n g  wal7.z. To determine whether t h i s  condi t ion  was 
caused by t h e  appro.uimntion of t h e  bend i n  t h e  model, a p l a s t i c  bend 
was b u i l t  t o  s c a l e ,  with a pro to type  radius of 410 f e e t ,  and i n s t a l l e d  
i n  t he  l e f t  conduit ,  Gperation of the  model, Figure 22B, showed t h a t  

was caused b:r tu rn ing  the  water  and n o t  by t h e  length of the  r a d i u s  of t h e  
bend. S ince  t h i s  was not  a s e r i o u s  flow conditiorl  and could no t  be 
remedied without  cxtt!nsive changes i n  the  prototype des ign ,  no f u r t h e r  
at tempts  were made a t  co r rec t ion ,  The t r a n s i t i o n  sec t ion  i n  t h e  l a s t  
30 f e e t  of t h e  condui t s  caused no apparent d i s tu rbance  t o  t h e  flow, 

I I n z t a l l a t i o n  of t h e  i r r i g a t i o n  i n l e t ,  Figure 24, was made i n  the  
model before  completion of the s t u d i e s  on t h e  f i n a l  phnss of the o u t l e t  
works s t i l l i n g - b a s i n ,  Thz i r r i g a t i o n  cana l  s t i l l i n g - b a s i n  was not  

l s t a l l e d  i n  t h e  model s i n c e  these  t e s t s  were made on ly  t o  determine 
whether a s a t i s f a c t o r y  i n l e t  could be provided at the do~mstrecun end of 
t h e  o u t l e t  works s t i l l i n g - b a s i n ,  Consc.quently, t e s t s  were run only  t o  

- record the  performance of  t h e  structure as o r i g i n a l l y  designed and t o  
ob ta in  c a l i b r a t i o n  clArves fo r  t h e  i n l e t  c r e s t  and r a d i a l  ga t e ,  

The i r r i g a t i o n  cana l  and i n l e t  s t r u c t u r e  as i n s t a l l e d  i n  t h e  model 
i s  shown i n  r 'igure 24 A & 3, J i t h  t he  hollow-jet valve d ischarg ing  
1,500 second-feet photographs were taken of f low i n  the  i r r i g a t i o n  o u t l e t .  
I n  Figure 25 two views a r e  shown with t h e  r a d i a l  g a t e  of t h e  i n l e t  open 
4 f e e t  and i n  Figure 26 two views a r e  shown with t h e  g a t e  f u l l y  open. 
Choppy waves were presen t  cn t h e  water su r face  a t  t h e  en t rance  t o  t h e  . i n l e t  and a depressed water su r face  o r  drawdolm e x i s t e d  around t h e  upstream 
end of t he  l e f t  t r a i n i n g  wall. due t o  t h e  con t rac t ion  i n  t h e  flow. Tnis 



ou t s ide  of t h e  bend and some degree of supere leva t ion  should be used i n  
a f i n a l  design. The v e r t i c a l  s i d e  wa l l s ,were  overtopped f o r  d ischarges  
g r e a t e r  than 1,300 second-feet making t h i s  t h e  limit of capac i ty  of t h e  
canal .  Small diamond p a t t e r n  waves e x i s t e d  on the  water su r face  of t h e  
bend and throughout the  l e n g t h  of t h e  canal .  

Water s u r f a c e  p r o f i l e s  were taken i n  t h e  canal ,  Figure 27, f o r  
d ischarges  of 500 second-feet and 1,000 second-feet both with t h e  c o n t r o l  
g a t e  4 f e e t  open and f u l l y  open. For a d ischarge  of 1,000 second-feet 
wi th  the  g a t e  open 4 f e e t ,  t h e  depth of f low enter ing  t h e  channel was 
below c r i t i c a l  and increased  with d i s t a n c e  domstream. For t h e  o t h e r  
t h r e e  flows t h e  depth was above c r i t i c a l  at t h e  en t rance  and decreased 
wi th  d i s t a n c e  downstream. 

Cres t  and Gate Ca l ib ra t ion  

A d ischarge  capac i ty  curve f o r  f r e e  c r e s t  and var ious  g a t e  openings 
was obtained from t h e  model, Figure 28. The e l eva t ion  of t h e  water 
su r face  upstream from the  cana l  i n l e t ,  or ,  t h e  head, was determined by 
po in t  gage, Discharge through t h e  i r r i g a t i o n  cana l  was measured by means 
of a V-notch weir placed a t  t h e  downstream end of t h e  canal ,  A t  f u l l -  
g a t e  opening, 955 second-feet could be passed by the  i r r i g a t i o n  cana l  
before  any f low went down Cherry Creek Channel. Reason f o r  t h i s  can be 
seen from Figure 29, a s  a t  e l eva t ion  5495, which i s  ze ro  f low f o r  
Cherry Creek, t he  d ischarge  of  t h e  i r r i g a t i o n  i n l e t  i s  955 second-feet 
f o r  f r e e  c r e s t ,  
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:, . C o m ~ l .  t ? t  ed model 



FIGURE 7 

A. L e f t  conduit di6bharging 2,275 oecond-feet 

Both outs ide  condul ta  opera t ing - 4,350 oecond-feet 

i MODEL, CHERRY C R E M  STILLING-BASIN, ORIGINAL DESIGTI, INITIAL 



A .  Center conduit discharging 1,450 second-f e e t  

B. A l l  condul ts  opera t ing - 6,000 eecond-feet 

1:28 MODEL, CHERRY CREEK STILLING-BASIN, ORIGINAL DESIGN, INITIAL PHASE 



FIGURE 9 

Scour  a f t e r  1 hour  o p e r o t i o n  3 c o n d u i t s  d i ~ c ! i w g i ~ y ~  
6,000 second-f eet , teilwrtter e l c w l t i o n  >>O2.8 

1:28 MODEL, CHEW?Y CREEK STILLING-BASIr3, ORIGINAL DE'SIGN, INlTIAL PHASE 



A .  Hollow- Jet valve dl  scharglng 1 ,509 second-feet 

B.  Left conduit dl o c h a r g l . ~  2,275 second- feet  

1 :28 MODEL, CHERRY CREEK STILLING->AS1 N, ORTGI PAL D!3ICII, FINAL YHASL 



A. Both outside conduits  operating - 6,000 second-feet 

B. All conduits  operating - 9,400 second-feet 

1:28 MODm, CHEIY CREEK STILLIE-BASIFI, ORIGSNRL DESIGN, FINAL PIWSE 



FIGURE: 12 

S t  
m a, 



Scqur a f t e r  orie liow* o p e r t i t i u ~ ~ ,  j condui ts  
dischsrgirq 6,000 second.-f eet  , t;uilwuter'  
e levrl t ion 5502.8. 

1:28 MODEL, C m Y  CREXK SI'ILIJIPJG-BASIN, ORIGIN& DESIGrI, 
FIN:l-1, ?RISE, CAFFLE PIERS RXblC,-EP 





B. All conduits operating - 6,000 second-feet 

1:28 blOREL, CHERRY CREEK STILLIIG-BASIN, 
SECOND BAFFLE PIER DESIGN, FINA1, PHASE 

FIGURE lr) 

A. Both outside corlduits o p e r a t i n g  - 6,000 second-feet 



Scour a f t e r  one hour operation, 3 concluito dlscharglng 
6,000 second-f eet , t a i  l w a t  er e l e m t  ion  5502.8 

1:28 MODEL, CREEiRY CREEK STILLIPIG-BASIN, 
SECOND BAFFLE PIER DESIGN, FINAL PEASE 



FIGURE 17 

A .  Hollow- J e t  valve dl scharging 1,500 sec ond-f eet . 
Flow 1s along c e n t e r l l n e  of' baaln .  

B .  Hollow j e t  mlve  o p e r a t i n g  - l , > O C  second-fee t  
Flow l s  t o  t h e  right of bas in  c e n t e r l i n c .  

1328 MODEL, CHERRY CREEI: :;I'IUIP.G-BASIN, NO DIVIDIPJG WALLS, FINAL I'IUSE 



FIGURE 18 

A. A l l  conduits  operatin& - 6,000 second-feet 

3 .  Scour u f t c r  1 how ope ratio.^, 3 condui ts  d jachr~rglng 
6,000 second-feet . Tailwater  e l ev~ i t i on  5502.8. 

1;28 MODEL, CHERRY CilEEK STILLING-IJASIN, SHORT DIVlDTNG WALLS, FINAL PIIASE 





FIGURE 20 



A ,  All conduit o di  scherging - 9,400 seco!id-f eet 

B .  Scour af ' ter 1 h o w  oper:ition, 5 conduits d i i l c l ~ t r g i r a  
9,400 second-fee t  . Tuilw:.ter- ?;jO5 j 

1 : 23 IIIODZL CIiE'iRY C2EEK SI' ILLlNG-BAS1 M, RECOIIUIIE2IDED DESIGi'i 
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GENERAL PLAN 

SECTIONAL ELEVATION A-A 

DETAIL OF INLET STRUCTURE 

CHERRY CREEK DAM AND RESERVOIR 
IRRIGATION INLET STRUCTURE 





A. Flow condl t  i 011s at e n t r u ~ l c e  

B. Flow condltions i r l  the c~i.niil 

C;\i"i~L. DISCH2isGE '(50 SECOND- FEET - ]+-FOOT 13i~.TE OPEN1!C IIOLLOW- JEi' 
VALVE D I S C l L ' ~ J C 1 r ~  1,31)0 SECONSFEFT, TATLUATER ELFNA'I'IOi\l 5497.6 

j - 2  : MODEL,, CIIERHY CREEK IRRTGATION TNLEI' 



FIGURE 26 

A. Flow at entrance i s  a f f ec t ed  s l i g h t l y  by contract ion 

B. Flow i n  c m r l  i s  cor~centra ted along outs ide  of bend 

CANAL DISCMGE 1,200 SECOND-FEET - GATE FULLY OPEN. HOLLOW-JE-' 

VALVE DISCHARGI N; 1,50U SECOND- FEZI', TAILWl.TER ELEVATION 5496. J 
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CHERRY CREEK DAM.. 1 :28 MODEL 



DISCHARGE I N SECO'G9- FEET COEFFICIENT OF DISCHARGE C 
ONE 11.5FT BY I I  FT. G A T i  OPERATING I N O = C L H %  

IRRIGATION. INLET DISCHARGE CAPACITY CURVES 
CHERRY GREEK DAM 


