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The hydraulic model studies described in  t h i s  report were made on 
a 1:s scale  model t o  determine the operating charac te r i s t ics  of the  
grating o r  gr izzly  of the  diversion s t ruc ture  of the Horsetooth Supply 
Conduit , Figure 2. The grating w i l l  be used t o  prevent t h e  coarser 
bed load from fa l l i ng  i n  m d  clogging the  supply conduit. 

Specifically,  the  t e s t s  were run t o  determine: 

a. Whether a grating length of 1 5  f ee t  i s  suf f ic ien t  t o  
permit 3.2 c f s  per foot of width to f a l l  through the  grat ing i f  
the approach channel ca r r i e s  from 12  t o  U10 c f s  per unit width. 

b. The distance from the  upstream edge of the  auppljr 
conduit t o  the  extreme point a t  which water f a l l s  through the  
grating f o r  a discharge of 12 c fa  per foot of width w i t h  both 
the Case I and Case I1 approach conditions shown on Figure 2, 

c .  The e f fec t s  on the discharge through the  grat ing when 
rock and gravel a re  being moved along t h e  r i ve r  bed and over 
the grat ing,  

The model t e s t a  indicated concluaively t h a t  a grat ing length of 
1 5  feet  i a  suff ic ient  t o  pass the  required divereion discharge of 
1 2  cfa per  unit width f o r  both Case I and Case 11. 

The required length of grat ing for a discharge of 12 c f s  per foot 
of width was found to be 2.5 t o  3.0 fewt f o r  Case I and 3.5 t o  4.0 feet 
f o r  Case 11, Figure 4B and 5B and Table I. 

Under t h e  operating conditionk described i n  this report ,  the  
.I mwement and deposition of gravel on the  grat ing bars had the effect 

of increasing the  required length of grating, but a length of 3.5 feat ,  
r e  designed, was ample t o  paas the  design discharge of 12 cis per 
unit width. 



A s  a part of the Colorado-Big Thompson Project, the diversion 
structure of the  Horsetooth Supply Conduit i s  located on the Big 
Thompson River about 1-1/L+ miLee above the  mouth of the Big Thompson 

8 Canyon, west of Loveland, Colorado, Figure 1. Transruountain diversion 
water, from the Colorado River Basin, en ters  the Big Thompson River 

0 near Estes Park, Colorado, and follows the  natural r iver  channel t o  the 
Horsetooi;h Diversion Structure which d iver ts  the water through a supply 
conduit t o  the Roreetooth Feeder Canal and thence t o  Horsetooth 
Reservoir. U l t h t e i y ,  it i s  planned t o  take the transmountain diver- 
sion water from the  Big Thompson River a short distance below Estes 
Park through a conduit t o  Flatiron Reservoir. Water for  Horsetooth 
Reservoir will then be supplied from Flat i ron Reservoir by the 
Horsetooth Feeder Canal, and the Horsetooth Supply Conduit and 
Diversion Structure wi l l  be used only as an emergency and supplementary 
means of bringing water t o  Horsetooth Reservoir. 

THE INVZSTIGATION 

I n  th i s  report, a l l  l inear  dimensions refer  t o  prototype, and dl 
discharges refer  t o  prototype discharges per foot of width of r ive r  
channel, unless othemise stated. 

Tests were conducted on a seceional model constructed to 8 

geometrical scale  of 1:s. The model consisted of a 7-1/2-foot wide 
section of the Fiver approach channel and diversion structure, a por- 
t ion  of the supply conduit, and a headbox equipped with a s l ide  gate 
t o  control the velocity of the f low in  the approach channel, a s  shown 
i n  Figure 3. 

Water, supplied t o  the model by two laboratory pumps, was metered 
through an or i f i ce  while the quantity of water d i v e r t e d  f r o m  t he  r iver  
channel through the grating was measured by means of a weir placed i n  
the downstream end of the supply conduit. 

I3y use of the  s l ide  gate, the model water surface, o r  head, could 
be regulated to reproduce prototype veloci t ies  for  discharges varying 
f m m  the minimum of 12 c fs t o  140 cfa. However, model discharges 
equivalent t o  prototype discharges of more than 65 c f s  could not be 
obtained, due t o  the  la rge  model scale necessary t o  reproduce the  grid 
bars t o  a sat isfactory model size. Nevertheless, by using the maximum 
pump discharge of 65 c f s  and by regulating t h e  model head, veloci t ies  . similar to  those which would e x i s t  for  t h e  amxhm discharge of 140 cfs 
were represented i n  the model. In  other mds, a discharge of 3.40 c f s  
was assimilated i n  the modal by using 65 c f s  and increib~ing its velocity 

4' unkil the n o w  velocity for 140 cfe was reached. 



Although the depth and qvantity of water was considerably l e s s  
than tha t  for  140 cfs, t h i s  variance was on the safe side for  the 
purpose of these studies, since if 12 c f s  would pas8 through the grat- 
ing f o r  a given channel discharge and velocity, a greater quantity of 
water would certainly pass through a t  a greaber channel depth and the 
same velocity, 

Average veloci t ies  i n  each case were determined f'rom pitot-tube 
measurements made a t  0.6 of the depth measured bmm t h e  waLer surface. 

-ts of Testa 

Two conditiona of the approach chamel were atudied: Case 36, i n  
whfch the bottom of the approach channel upstream iron the diversion 
etructure i a  5 feet below the leva1 of the structure grating, and 
Case 11, the ultimate condition, in which the approach chamel is f i n e d  
with gravel t o  the l eve l  of the  diversion structure, Figure 2. Thus, 
in Case 11, there i s  t h e  poesibiUty'of bed load, consisting of mcks 
and gravel, being deposited on t h e  gpsting and thereby reducing its 
a b i l i t y  t o  pass the required quantity of water t o  i;hs conduit. 

Tha model was first constructed to represent Case I conditions, 
and two t e s t s  were made using discharges of l2 c f s  and 65 cis  t o  deter- 
mine the  mount 04 water diverted from the r iver  channel t o  the conduit 
and t o  observe the flow conditions over the grating. Results of theee 
t a s t s  a re  shown in Table I and Figure 4. 

The model was then modified t o  represent Case I1 conditions by 
placing a wood platform leve l  with the upstreem end of the grating and 
extending upstream t o  t h e  headbox, Figure 5A. A s  i n  Caae I, t e s t s  were 
made using discharges of 12 and 65 cfs,,Figures 5B and 5C. To deter- 
mine the  effect  of rock and gravel which might be deposited on the 
grating, gravel representing 1-1/4- to 10-inch rock in the prototype 
was slowly dropped i n  the upstream approach channel. The approach 

' 

channel carried a discharge of 12 cfs  and gravel was added u n t i l  the 
grating was practically covered, Figure 6A.  Aa t he  dischar~e i n  the 
approach channel was increased, the gravel had a tendency t o  move down- 
stream on the grating bars u n t i l  the t o t a l  area between the bars, 
through whish t h e  water could flow, was suff icient  t o  pass the quantity 
of water flowing i n  t h e  approach channel. 

The diacharge in  the approach channel was then increasdd t o  65 cfs ,  
without adding more gravel. The flow conditions at this discharge and 
the amount of gravel remaining on the grating was observed, Figure 6C. 
After the  higher discharge of 65 cfs,  the only gravel remaining on the 
grating were those wedged between the grat lng bars, Figure 6D. 

I n  a l l  the  above t e a t g  t he  required quantity of water, 12 cfs,  
paased through the grating. 

3 



Table 1 

R No r m ~ l  Normal V a t  Gravel 
Test  (~pproach  V i n  ft/sec V i n  f t /sec which test on Distance* 'a" 

No channel ) for  Q, for U O  c f s  was made gra t in?  i n  f't ( c o d u i t  ) 
Case I 

I 

1 12 1.62 -- 1.62 No 2-1/2 to 3 12 

2 6 5 5.16 7.9 7.9 NO -- 47- 

Case 11 

3 12 12.5 -- 12.5 NO 3-1/2 to k 12 

4 12 12.5 -.- 12.5 Yea Varied 12 

5 6 5 24 4 33.5 3345 NO -- 44- 

6 65 21.6 33.5 33.5 Yes -- 4l- 

*Prototype discharge. 
%Distance from t h e  upstream edge of t he  supply conduit t o  t h e  extreme point at uhich 

water f a l l s  through t h e  g r a t i w ,  shown a s  d is tance  ttXtt on Figure 2. 
MApprosdmtions  only s ince  flow over measuring weir was extremely turbulent .  
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A .  Cnse I - Loou.lncj upotl-earn b t  

s e c t 1  orlul model of oppronch 
cl-annel nnd g r o t  lw 

U. Crisp I - Flow conditions a t  g r r J t l W  
Diochurge = 12 c f s  per ft or' width 
~ c l o c j t y  = 1.62 f t  p e r  scc  

C .  Cr~ne I - Flow c o n d i t i o n s  c t t  grating 
Plo gruvel. Discharge = 63 c f s / f t  of 
r i d t h .  Vt-loclty = '7.= f t  p e r  sec. 

D. C:juo 1 - Overs11 vlew of model 
D l o c h - t r ~ r  = 6 '~  c f u / f t  of' wldth 
Veloc 1 ty - 7 .I-/ ft. pt:r nec . 



A .  Case I1 - Approoch t o  gretlng 
r a i s e d  t o  assirnFlste f u tu r e  
approach condl t  Ions. 

B. C~toe  I1 - Flow cond i t i o r~s  over 
y , n t l w .  No ~ r ~ ~ v e l .  
Discharge = l2cfs/f t ;  of srldth 
Velocity = 12.5 f t /oec 

C. Coat 11 - Flow condi t ior , :~  ovt-r 
@-ntlw:. No Gr*vel. Disch!u.,:c = 6:, 
cfs / f ' t  of wldt!~. Velocitg = jf:,, i't/,,.c 



A .  Coos I1 - Flow cond l t lono  * . l t t~  grrivc:l 
dcpoelL 01, groziq; .  D i o c l z r ~ t :  = 12 
c f n / f t  s f  v?dt!~ .  V c l , x : t ; ;  = 12.:) t ' t /sec 

i;. C?oe I1 - G!,avcl d i o t r i b u t i o n  or) 
g~,:tlng nf't'ter dlochzrgt.  oi' l:! cl0a/ft 
ot. width 2nd velocit:; of 12..1 i't/st.c 

C .  C:*.w TI - E'lo,~ L.ondl t l r ~ r ~ o  uvcr 
g r r l t  ~ I W ,  !~nd ~g-nvcl  dcpoo it.. 
Dlochr.ri;c = 63 c!'.~/t't of width 
Vcior,!ty = 33.3 f't/!l?c 
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