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m e  Poudre Supply C a n a l ,  which c o ~ e c t s  Horsetooth Dam 
Reservoir and the Cache La Poudre River, contains a bifurcation s t ruc ture  
just upstream from the  junction of the canal and the r iver .  Jus t  dawn- 
stream from the bifurcation s t ructure  is  the only water-measuring 
s t a t ion  on the  canal; and since the canal replenishes water borrowed 
f r m  the Cache La Poudre River, it i s  necessary that an acewatt? measure- 
ment of t he  flow be made at t h i s  point.  A s  is  the  custan Tor s m a l l  
canal s t ructures ,  the  caml. w a s  constructed without benefit  of a model 
study. The fact  t h a t  the cana l  had been designed f o r  velocities about 
twice as great as  norlaally used made it d i f f i c u l t  t o  p r e d i c t  f l o ~ ~  condi- 
t ions.  

When the prototype canal w a s  operated f o r  the f i r s t  time, it 
w a s  apparent t h a t  flow conditions i n  and dormstream from the bifurcation 
s t ruc ture  were not sat isfactory.  Tne flow around the abrupt tu rn  pro- 
duced a t i l t e d  water surface a t  the  radial gate and poor d is t r ibu t ion  
of flow enter ing the s t i l l i n g  basin. The uneven water surface and an 
ine f f i c i en t  hydraulic jump i n  the s t i l l i n g  basin caused surges and waves 
10 to I8 inches i n  height tha t  carr ied d m  i n t o  the measuring flume 
making it ~ o s s i b l e  t o  obtain a r e l i ab le  water surface elevation f o r  
an accura te  discharge cietermination, Figure 1. 

I n i t i a l  operation of the model showed a very s i P i l a r  flow 
pat tern including the t i l t e d  water surface around the turn, t he  ro@ 
hydraulic jump, and 10- to 18-inch waves i n  .tihe measuring flume, Figure 5. 

Several methods were t r i ed  t o  obtain sat isfactory flow con- 
di t ions i n  the measuring flume. Unsuccessful methods included several  
attempts t o  even the t i l t e d  water surface a t  the  curve, sL1 of which 
caused the upstream water leve l  t o  rise and overtop the canal banks. 



by the use of baf f le  blocks on the eloped f loo r  upstre& f r m  the 
Ineaauring flume and t o  bmpen the waves by log r d t s .  

The method ultimately used f o r  the  recaemended design made 
we of two curtain v d l s  placed across the chaanel i n  the  t rans i t ion  
raection a short  distance downstream frm the bifurcation s t ructure ,  
Figure 9. The curtain walls were very effect ive i n  producing a smooth 
water surface at all discharges. I n  the model the waves vere 4 t o  
7 inches high canpared t o  the or iginal  10 t o  18 inches. 

Prototype wave masurements made? a f t e r  the recamended 
changes had been ins ta l led  shared. very cloee agreement t o  oimS1a.r 
m o d e l  measurements, Figure LL . 

The Poudre Supply C a n a l  runs between the  Horsetooth Reservoir 
and the Cache La Poudre River and is used t o  res tore  my water that is 
diver ted upstream f o r  i r r f  gation purposes . A t  Station 283+13 .98 the 
Poudre Supply C a n a l  branches i n t o  two sections,  the  Windfior sectiori and 
the  continuation of the  Poudre Supply C a n a l ,  Figure 2. me Poudre Supply 
C a d  section carr ies  the greater portion of the diecharge and a l s o  makes 
the  more abrupt tu rn  of the two sections. 'Fhe flow i n  the Poudre Supply 
CanaX section dfschargee i n t o  th? Poudre River a short  distance down- 
atream from the bifurcation s t ructure .  Pr ior  t o  entering the Poudre 
River, the  flow goes through a Pershall-type measuring flume ao tha t  an 
accurate record of t he  discharge can be meintaned. 

Prototype operation had revealed that the flow i n  the measuring 
flume vaa too turbulent f o r  current meter ra t ings and the waves too high 
f o r  accurate water surface determination by e i the r  s t a f f  gage readings 
o r  water l eve l  recorder charts. The rough water surface was the ref lec-  
t i o n  of an uneven approach condition caused by the abrupt turn at the 
bifurcat ion s t ructure  upstream and an inef f ic ien t  hydraulic jump. The 
flow around t h i s  tu rn  had an extreme drawdown that was not leveled before 
i-i; entered the  s t i l l i n g  basin upstream fran the measuring flume. The 
drawdown at the bifurcation turn and the  rough water surface i n  the 
pleaouriq flume are  shown i n  Figure 1. 

The water surface fluctuation w a s  as s e a t  as 18 inches in the 
measuring f l u ,  and i n  order t o  obtain an accurate discharge record t h i s  
f luctuat ion bwd t o  be reduced t o  about 4 inches. 



The sodel of the bifurcation structure was, constructed to a 
scale of 1:18 and included a 100-foot section of the canal upstreem from 
the bifurcation structure and approximately LOO feet of both the Windsor 
section and the Poudre Supply Canal section, Figure 3. The canals and 
measuring flume were constructed fran plywood and the radial control gates 
at the bifurcation structure were made fraa sheet metal. Water was sup- 
plied to the model through a 6-inch pipe connected to a portable labora- 
tory pump. The discharge was measured with an orifice Venturi meter. 

Three criteria were used in Judging the effectiveness of any 
modification made to improve the flow conditions. The measurements and 
the equipment used to obtain them are  ao follows: 

1. Velocity detemlaation in measuring flume. Obtained as 
a measure of the evenness of the flow d1~;tribution. A Bentzel 
tube was used to obtain the velocity measurements. 

2. Water surface e l e v i ~ t i o n .  The water surface elevation 
in the canal wao obtained by a point gage and in the measuring 
flume by means of an open tube snananeter connected to a piezameter 
opening located, to scale, in the standard location recamended 
for a Parshall-type measuring flume. 

3. Water surface fluctuation. The water surface fluctuation 
was measured at the staff ege in the measuring flume by an elec- 
tronic wave-measuring device. The electronic device is a verying 
capacitance-type instrument consisting of a 32-g~ge enamel coated 
copper wire stretched between the two anns of a "Ut' support. ThPs 
Wire, placed vertically in the water so that .the waves cover a 
center portion of its length at all times, acts as a capacitance. 
The copper wire and the water form the two capacitance plates, 
and the enamel coating the dielectric. This capacitance is con- 
nected as a part of the active leg of a balanced 5,000 cycles 
per second alternating current bridge. Any change of water level 
on the wire throws the bridge off balance. This off brilance is 
linear with the wave height, within limits, k d  can be recorded 
as a continuous trace on an ~9ciU0gr6ph. A profile of the wave 
motion can thus be studied and its t h e  constant, frequency, and 
amplitude a;lalyzed. 

All of the investigations included in tN8 report were perfonued 
to improve the flow in the Pmdre Supply C a m l  section of' the bifurcation 



m o d e l  inves t igat ions  had shown that F t  operated sa t is f 'nc tor i ly .  

Three metllods appeared a s  poss ible  means of correct ing t he  
e x i s t i n g  poor flow conditions. They vere (1) t o  cor rec t  the  extreme 
drawdown around the  tu rn  of the  bi furcat ion s t ruc tu re  and thereby provide 
a l e v e l  va te r  surface before the  flow en te r s  the  s t i l l i n g  basin; (2)  t o  
improve the  eff ic iency of the  energy d i s s ipa t ion  i n  the  check sec t ion  
by means of b a f f l e  blocks, end si l ls ,  o r  other appurtenances. This 
would provide a smooth water surface before the  flow entered t h e  meas- 
uring weir; ( 3 )  t o  reduce the  water surface fluct.uation i n  the  measuring 
flume by t h e  use of r a f t s ,  b a f f l e  blocks, o r  cur ta in  walls located i n  
t h e  t r an s i t i on .  

Drawdown Elimination 

Several  methods of el iminating t h e  water surface drawdown a t  
the gate  were t r i e d .  These included placing s t ra ightening vanes of 
various heights i n  the  c a d  upstream from the t u rn  t o  guide t he  flow 
around the  t u rn  and placing b a f f l e  blocks of severa l  s i z e s  a t  the  tu rn  
t o  reduce the  veloci ty  su f f i c i en t l y  ' to produce a l e v e l  water surface.  
I n  a l l  t e s t s  t h e  correct ive  value was s l i g h t  and a l l  caused t he  water 
surface elevat ion t o  r i s e  and t o  overtop t he  canal. banks upstream, 

The drawdown could have been decrcased by replacing the  turn 
with a curve of longer radius ,  but this would have necess i ta ted  extensive 
revis ions  t o  t he  prototype s t ruc tu re ;  no invest igat ions  of this type 
were made. 

Al te ra t ion  of S t i l l i n g  Basin 

The s t i l l i n g  basin or check sec t ion  jus t  downstreen, f rm the 
t u r n  consisted of a drop and a s t i l l i n g  basin with chute blocks and 
b a f f l e s ,  Figure 2. The flow enter ing the check sec t ion  w a s  not evenly 
d i s t r i bu t ed ,  Figure 4, and combined. with the turbulence i n  the s t i l l i n g  
bas in  caused t h e  very rough water surface i n  t he  measuring flme. 
Figure 1 showa the '2ater surface i n  the prototype s t ruc tu re ,  and Figure 5 
shows c a n p r a b l e  p ic tures  of the  &ction i n  t h e  model. 

Several  methods of increas ing the  am0un.t of energy d i s s ipa t ion  
were i n -~es t i ga t cd .  The first inves.t;igation was made t o  determine the 
ef fect iveness  of d i f f e r en t  s i z e  chute blocks and baf f l es ;  although several 
ccxabinations were t r i e d ,  none shored s u f f i c i e n t  p r d s e  t o  warrant 
extensive invest igat ion.  

The next t e s t s  vere made t o  iznprove the  s t i l l i n g  act ion by 
increasing t h e  va t e r  depth i n  the check sect ion.  This  could be accan- 
p l ished by e i t h e r  lowering t h e  f l o o r  of the check sec t ion  o r  by ra is ing 



a 

investigated i n  the model by adding 9- and 12-inch thicknesses "c the  
f loor ,  Figure 6. In both of these t e s t s  the i r regular  flow and rough 
v a t e r  surface were slightly improved but the  added height caused the  
water surface t o  overtop the s t ruc ture  at a diocharge of 1,250 c f s .  
Since none of the t e s t s  had shorn p r d s e  i n  improving the flow at the 
s t i l l i n g  basin, no fur ther  t e s t s  were made a t  t h i s  section. 

The accurate memuranent of the flow WRS required by the 
S ta t e  Engineer. His reprenentative, M r .  Ralph W. Pershall, a frequent 
observer during t h e  model t e s t s ,  suwested that a system of "dragon8 
teetht '  placed on the drop might serve the  purpose of both otraightening 
t he  flow and improving the energy diss ipat ion i n  the  check section. In 
keeping with th i s  su  est ion an energy diss ipator  was made frcm th i r ty -  
nine 8 by 8 angles, b feet long, placed i n  s i x  rows on %he curve of the 
drap, Figure 7. The model was operated at  1,000 and l , 5 W  cfs ,  and the  
flow appearance upstream and dovnstream fran the  diss ipator  checked f o r  
uniformity. Figure 8 shows the  downstream f lov  appearance i n  t h e  check 
section a t  the two discharges. The diesipator provided a very even flow 
d is t r ibu t ion  and reduced the water surface f luc tua t ion  iu the  meaeuring 
f lume frm a 10- t o  a 4-inch average. The f lov  downstream from the  check 
sect ion was excellent i n  all respects; however, the  tlov upstream was 
not  sat isfactory.  The dissipator  caused s o  much f lov r e s i s tmce ' tha t  
the  upstream water surface overtopped the  canal banks at; all discharges 
greater  than 1,000 cfs .  Since the  cost  of increasing the height of the 
canal lining would be very high, the  designers decided not t o  adopt the 
diss ipator  as a corrective measure. 

Wave Dampeners 

The most effect ive method of reducing the water ourface 
f luctuat ion i n  the  measuring flume wrre to incorporate Bane method of 
dampening the  wave6 i n  the t rans i t ion  section located between the drap 
and the  measuring flume. T'mee methods were investigated i n  the model, 
they were (1) small blocks or  baff les  on the sloped f loo r  of the  t r ans i -  
t i on ,  (2) a timber r a f t  i n  the t rans i t ion ,  and (3 )  one or more curtain 
walls or  skimming weirs i n  the t rans i t ion .  

1. Baffles o r  blocks. A1 :;nough several  d i f f e r en t  s izes  and 
arrangements of blocks were t r i e d ,  none seemed t o  give p r d s e  of 
more than s very s l i g h t  improvement of t h e  flow. 

2. Timber raft. Two types of r a f t s  were investigated i n  the 
model; one simulated u. f l a t ,  o r  two-dimensional timber raft. The 
other w a s  a three-dimensional system of timbers fastened together  
i n  such a manner t h a t  the natural period of osc i l la t ion  of the 
system was as f a r  differenx as prac t ica l  frcm the period of the 



t o  osc i l la te  at the wave period had the effect  of dampening the 
magpitude of the t o t a l  welter surface fluctuation. 

b 

The f i r s t  type of r a f t  w e s  not sat isfactory since it 
had a tendency t o  accenttilate the vave action imtead  of dampening 
it. A raft of the second type w s s  developed tha t  was effective 
i n  producing a comparatively smooth wster surface fo r  the maxbum 
discharge; however, for  smaller discharge8 with other wave p e r i d s  
it weo  not effective.  Several. designs of the second type were 
tr ied  but i n  all cases i f  the raft wac effective a t  one discharge 
it w a s  not effect ive a t  others. 

3. Curtain w a l l s ,  recamended . Although the laboratory 
hesi tates  to recarunend and the designers are reluctant t o  accept 
curts in w a l l s  and skia8ni.ng weirs f o r  use i n  canals because of 
t h e i r  makeshift appearance and the f a c t  that they are t rash  
collectors,  they w i l l  mual ly  produce a quiet water sudsce  
when a l l  e l s e  f a i l s .  &came nothing else  t h a t  was e c o n d -  
ca l ly  feasible  produced the desired resul ts ,  it was decided 
t o  develop a curtain w d t l  arrangement t o  quiet the water rsur- 
face i n  the measuring flume. 

For the i n i t i a l  t e s t s  the curtain w a l l  w a s  placed across the 
t rans i t ion  section about 8 fee t  dovastream f r m  the end of the check 
section, Station 284+05.5. The lower edge wris placed 4 f e e t  above the 
t r a m i t i o n  floor; t h i s  dimension was determined by the water ~ u r f a c e  
elevation f o r  a discharge off 600 cfs.  Field and laiboratory t e s t s  showed 
tht at  this discharge the ~iurface waves f i r s t  appeared. When the lower 
edge of the curtain w a l i  was placed about 4 inches below t h i s  water 
surface, the  waves became ne,gligible. This curtain w a l l  was effective 
f o r  all flows up t o  about 1,100 cfa when the water surface again beceme 
tm  rough. I n  order t o  extend the r a g e  of the smooth water, a second 
curtain w a U .  was placed about 24 fee t  downstrema frtm the firat. Thia 
curtain w a l l  was s e t  with i t s  lower edge about 4 inches below the water 
surPace f o r  a discharge of 1,100 cfs .  The ccaibinat;ion of the two cuda in  
walls, Figure 9, kept the water surface fluctuation a t  a minimum for all 
discharges. Figure 10 shows the model and the appearance of the  flow 
a t  a discharge of 1,250 cfs .  When caupared with Figure 5, the improve- 
ment i n  the appearance of the water surface is  very apparent. Figure ll 
shows a c m p r i s o n  of the water surface fluctuations before and a f t e r  
the curtain w a l l s  were added. Curves A and B are the fluctuations 
obtained frau the model before and a f t e r  the curtain w a l l s  were installed; 
Curve C shows the water surface fluctuation measured i n  the protatype 
s tructure after the curtain w a l l s  were added. A l l  measurements were 
mad@ a t  the standard staif gage locatian. The model indicated tha t  
before t h e  curtain w a l l s  were added t h e  average fluctuation w a s  about 
LO inches with a maxhum of about 17 inches; a f t e r  the walls were I 

instal led the average f l u c t u t i o n  was about 4 inches and the maximum 
only 7 inches. 



On April 8, 1953, the  Poudre Supply Canal. w a s  operated so  tha t  
the performance character is t ics  of t he  canal e t r u c t u r e ~  could be t e s t ed  
by t h e  designers and laboratory engineers  The resu l t s  of the t e s t s  have 
been reported i n  a Hydraulic laboratory Field  Trip Report No. 1382. 

One of the structures t ha t  w a s  checked was the  messwring flume 
at vhe bifurcation structure.  me recamended curtain walls had been 
placed i n  the  t rans i t ion  section upstream f ran  the measuring flume, and 
prototype t e s t s  were made t o  determine the water surface fluctuations and 
the veloci ty  d i s t r ibu t ion  i n  the measuring flume. Two s imilar  measure- 
ments were made i n  the m d e l  no that the  degree of model-prototype con- 
formity could be determined. 

Motion pictures showing the water surface f luctuat ion st the  
stnff naae in the ~ r o t o t m e  measuring flume were canpared with similar - ---- "--"- - - - - 
m d e l  measurements made with an electronic  wave recorder. The frequency 
and magnitude of the  fluctuations i n  the model and prototype are canpared 
i n  Figure 11, Curves E and C .  !J!he model prototype conformity is  very 
close. Tn both cases t he  waves seem t o  have a period of about 3 seconds 
and a 

. - - - - - - - - - - - 
-- - magnitude of approxhately 0.3 foot .  The water surface shows more 
Q1nat .umt - i  on between -& in the  model than i n  the  prototype, but this I - --- --- ----- - - - . - --- x - --- 
probably caused by the e lectronic  recorder being more sens i t ive  t o  the 
changes than motion pictures taken a t  16 and 32 frames per second. 

The prototype discharge w a s  determined by current meter 
+V=OVPFFIP i n  thp m p a s u y i -  f11-8. and this value was wed  a check on "I-."-.-- -- --- I-------U - -  
+ha i i l a m h a ~ n ~  -Inti4 pnt.a& on the flume recorder. A similar velocity u u r  u s u r u u ~ -  -u--... ---- -- -.-- - - 

t raverse  was made in the model t o  cumpare the velocity dis t r ibut ion.  
The two traverses are plot ted on F i g u r e  12, again the s imi la r i ty  between 



A .  Looking downst ream in Measur ing  F lume .  
The wa te r  su r f ace  fluctuation a v e r a g e s  about 
10 inches with a maximum of 18 inches .  

B. Water  Surface  Drawdown at rad ia l  ga te .  

I'oudre Supply Canal 
Bifurcation S t ruc ture  a t  Sta. 28% 11.98  

Prototype Operat1011 a t  1275 cfs 









F i g u r e  5 

A.  Look ing  from m e a s u r -  
ing f l u m e  toward b i f u r -  
c a t i o n  s t r u c t u r e .  

B .  A p p e a r a n c e  in  s t i l l ing 
b a s i n  at 1250 cfs. 

C. A p p e a r a n c e  of f low in s t i l l i n g  bas in  and nlcas-  
uring f l u m e  a t  1250 cfs. 

Poudrc  Su1~p:y Cana l  
B i furca t ion  S t r u c t u r e  Model  Studies  

P r e l i n l i n a r y  D c s i g n  











Figure  

A .  Curtain w a l l s  lcoking up- 
s t r e a m .  

B. Still ing basin performance 
a t  1250 c f s .  

C .  Smooth flow in measur ing  f lume a t  1250 cfs. 

Poudre Supply Canal 
Bifurcation Structure Model Studies 

Recommended Curtain Walls  
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