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Hydraulic model studles reported herein were conducted in 
the  Hydraulic Laboratory, Bureau of Rec3+lmcttion, d u r i ~ g  the period 
August 1946 t o  June 1949. 

The Superior-Courtland Diversion Dam is a par t  of the 
Bostwick Division, Kansas River Distr ic t ,  Mlsaouri River Basin 
ProJect . 

The designs and studies wero mads i n  cooperation with the 
Diversion Dem Section, C a d s  Dlviaion, Branch of Dseign and Conetnlc- 
t ion ,  Bureau of Reclamation. Mesms. A. W. K l d d e r ,  H. E. White, and 
M. E. Day of the Canals Division vls i ted the laboratory on numeroue 
occasions and made many helpful  suggestions. 

The studies m r e  made by 0. S. Hamon under the d i rec t  
superv i~ ion  of E. J. Carlson and C. W. Thcrmas. Mr. E. W. Laas, 
Coneulting Hydraulic Engiwer, provided adrice and guidance throughout 
the  tes t ing  program. 
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Sub jbct: Hyiraulic model studies of Superior-Courtland Diversion Dam, 
headworks and sluiceway structures--Progress Report No. 1 on 
general studies of headworks and sluiceway structures 

SUMMARY 

The primary puzWpose of these model studies w a s  t o  f ind  the 
hsadworks design tha t  would pass the highest percentage of the bod load 
of the stream through ths  sluiceway. The various designs t r i e d  were 

through the headworks a.nd 26; c f s  through the sluiceway. Changes No. 1 
50 3 wexe unsucces8f.i and showed no improvement over the o r i g i d  de- 
s ign .  This was p w t l y  due t o  the greater turbuleme created in  f'rout of 
%he headworks. This turbulence caused a larger percentwe of the bed 
load t o  be picked up end carried through the headworks as a u s p e d d  load. 
Chawe No. 4 using a divide w a l l  between the overflow weir Mb the 
sluiceway proved to  be the m e t  favorable, resul t ing in a r a t i o  of 

alignment of  the bank of the pool excavation, length of w a l l ,  and w a l l  
location fa i l ed  t o  show aqy fur ther  improvement in i t s  des i l t ing  
characteristics. Figure 5 shows the recommended design. 

I 

Additional t e s t s  were made i n c o r p o r a t l ~  a vortex tube across 
the face of the headworks and a narrower sluice gate. These t e s t s  
Indicated an eveh greater improvement i n  sediment distribution, but 
since it was impractical t o  incorporate these changes i n  tho Superior- 
Courtland design, further tes t ing  of these schames w a s  postponed u n t i l  
a la.tex date. 



similar t o  tha t  proven best f o r  the Courtland C a n a l  headworks. r~hese 
designs are shown on Figure 7 with the recammeaded des2gn shown on 
Figme 5. 

The problem of control and removal of coarse sediment carried 
in to  canals by water diverted f'rom heavily sediment laden streams has 
recently become a larger  and larger  item i n  the operatio? and maintenance 
costs of many of the Bureau of Reclamation proJects; and with the 
increasing demand fo r  water resul t ing i n  greater diversions From these 
streams, the importance of the problem of excluding the sediment fkm 
the canals w i U  continue t o  increase. 

On same of the larger  projects elaborate des i l t ing  works have 
been bui l t ,  such as those on the All-American C a n a l .  On the smaller 
projects,  however, the cost of such structures cannot be just i f ied,  and 
simpler and cheaper means must be devised. The use of sl~aiceways t a  
carry the sediment past  the diversion weirs by wasting par t  of the 
water has been used In nany instances. Same of these structures have 
proven sa t i s f  actmy, but many have fa i led  t o  exclude the coarse sedi- 
ment fram the canal system, and frequent dredging of the canals has 
been necessary. 

A s  authorized by l e t t e r  From A s s i s t a a t  Director, Region 7, 
dated July 12, 1948, a model study of hiversion structures t o  t e s t  
headwork and olulceway design for the corrtrol of sedimsnt was begun 
by the Eyfkrau3.i~ Laboratory i n  August lw. Since the Supe r l o r -  
Courtland Diversion Dmn on the Republican RSmr ma the f l r s t  c ~ f  several 
diversion deme t o  be b u i l t  in the b a a  aab Lower P h t t e  Riwr Baelns, 
it was decided t o  uee thie deal@ as the s tn r t i ng  piat ln the mob1 
studies. A 1:15 m l l s t a r t e d  scale model o r  half! the diversion w e i r  and 
the Courtland Cansl headworks anb slulcewesy wae bull*. 

Since the design of this strtrcture wae already ccunplete and 
construction was underway befare model t e s t a  could be finished, the 
scope of these studies was limited. Only minor changes and additions 
could be incorporated In the designs. T e s t 6  are  now b e 1 9  made on the 
Republic Diversion Dam headworks and sluiceways, and aeaeral studies are 
underway, r e su l t s  of which w i l l  be Incorporate& in the deslga of the 
Scandia diversion and the d.lversione bu i l t  In the Colmbia, Middle Loup, 
and Grand Island Divisions. 



Since it was necessary t o  obtain good movement of the sand 
used in the bed with re la t ive ly  mfd. dischmges, a s  large a model 8.8 

px.act1cable was deemed necessary t o  obtaln sat isfactory resul t s .  Space 
i n  the Hydradic Laboratory approximately 30 by 70 f e e t  w a s  available. 
By u t i l iz ing  t h i s  snttre mea, it was found tha t  a l:l5 undistorted 
scale could be used which would include an area sslfficient t o  cover 
one-half o f  the diversion weir, the Courtland C a n a l  headworks and sluice- . 
way, and approximately 400 f e e t  of the upstream and downstream r iver  
chmnel. The general layout of the model i s  &own i n  Figure 4. 

Although the model was bui?,t t o  an undistorted scale, it was 
realized tha t  i n  order t o  ge t  suff icient  movement of sand through the 
model e i ther  the discharge or  slope scale would have 50 be increased. 
To simplify operation and computations, the dischmge was kept a t  the 
proper scale and sand was added a t  a constant r a t e  allowing the model 
t o  build up whatever slope was necessary t o  reach an equilibrium 
conaition. 

A t  the time of a pr ior  sediment load experiment, sand samples 
from pract ical ly a l l  loca l  sources were given a s ize analysis. The most 
satisfactory of these sands for experimental purposes was obtained A-cen 
a loosely cemnted  ands stone ground in a hammr mill giving a sand with 
a median diameter of approxlmately 0.2 m with 90 percent between the 
40- and 100-mesh Tyler Standwd screens (0.43 mm t o  0.15 mm) . This 
sand was used i n  the previous t e s t s  and found t o  move sa t i s fac tor i ly  
urder re la t ive ly  low Bischarges, and because of i t s  uniformity i n  s ize  
no d i f f i cu l ty  was encountered due t o  s o r t l a  under the action of the 
water. Other materials were considered, but the f ine  unifom sanL.had 
the best chasacteristics and was easily avail&ble so It was used. 

Figure 0 shows photomicrographs of the model sand and ~8,shed 
Republican River sand.. Size ccrmparison can be made from the 1 mu 
rectan@.air grid shown on the photographs- 

Water was supplied t o  the model by a portable pump mounted 
over the supply channel. Flow in to  the moael was measured with rr ven- 
t u r l  o r i f ice  meter and can3rolled by means of a valve. Dlvislon of flow 
through thd sluiceway and l~eadworks wae coatrolled by gate sett ings,  
and a V notch w e i r  w a s  placed i n  the end of the re turn  channsl firm the 
hotidworks t o  measure the amount of water diverted through the heedworks. 

Sand w a s  added a t  3-minute Intervals by f i l l l u g  a 3- by 1-1/2- 
inch aluminum channel 12 fee t  long and dumping it on a broad-crested 
weir. The sand w a s  then washed into the model by the water flowim 
over the weir. 



were taken at, regular intervals  by passing a collecting trough, Figure 
9A, through the fa l i ing  mppe. These samples were coYected in tanks, 
Figure 9B, calibrated t o  read the  amount of water In l i t e r s .  The sand 
se t t led  in to  g3.ass funnsls mounted at the bottan of the tanks. n e s e  
funnel5 were grerluated i n  grams of dry sand so the amount of sand could 
be rsd di rec t ly  and the concentration computed without 413y fur ther  
conversion of the data. 

r n 0 D  OF OPERATION 

In order t o  reauce t o  a minimum the number of variables 
afYecting the sediment discharge, it was nscessmy 50 choose a standard 
water discharge a t  which t o  operate the model during the tes ts .  This 
discharge did n ~ t  necessmily represent an exact condition In the 
prototype. It was f e l t  tha t  the design whlch aplpeared t o  operate best 
using the standard flow would probabxy be the  beat fo r  pract ical ly all 
other flow conditions. 

The proposed plm of operation f& the project showing r i v e r  
discharges and canal requirements was obtained frcan the Hydrology 
I~ivis ion,  Branch of ProJect P ? ~ J .  Wom a study of these data It 
was decided t o  use a t o t a l  flow of 600 c f s  divided 400 c f s  through the 
headworks and 200 c f s  through the sluiceway as  the standard discha;L.ge. 
H O ~  water-surface elevation of 1639.0 f e e t  was ~ n t a i n s d  in the  
reservoir f o r  all general tes t s .  

R e s u l t s  of e e d b w ~ t  investigatlom i n  the Kansas River Basin, 
November 1, 1942, t o  September 30, 1946, by the Corps of Ebgimere, 
Department of the &my, ahowed the  Republican River near B l o ~ o n ,  
Nebradfa, t o  ctwry a bed load of crpgroxlmately 0.J.65 percent of the 
wator discharge by weight. A t  the standard diecharge of 600 c f s  this 
would require a r a t e  of sand feed in to  t he  model of 0.0713 pounds per 
secolld. The channel used as a feeding trough had a capacity of approx- 
lmately 25 pounds. The r a t e  of eedlment feed ueed was one channel RiLl 
each 5 minutes. This gave a concentration just s l ight ly  higher than the 
prototype concentration which prove& very satisfactory, 

On the preliminary t e s t  runs L t  was found t h a t  the eoncentre- 
t i o r s  passing through the headworks and sluiceway varied wlth time Bue 
t o  the intermittent addition of the sand load. To correct fox t h i s  
f luctuat ion samples of the headworks acd duiceway water were taken 
simultaneously at a conetant in terva l  followlog the addition of sand. 
From these samples the concentration of sand passing through the 
headworks and duiceway I n  parts per million was calculated. 



A n  i n i t i a l  t e s t  run was made with the sluiceway and headworks 
m~angod as shown on Drawing No. 271-D-29 (Figure 3 )  with training walls 
omitcad. The model was operated a t  the standard discharge of 600 cfs; 
200 cfs  tl~rough the sluiceway; and 400 c f s  through the heedworks. 1Figum 
10A shows the snnd bed upstream from the headworks immediately before 
the start of t h i s  run. 

Samples were taken 02 30th the sluiceway and the headworks 
discharge a t  30-mlnute intervals.  After only a few hours of operation 
rather  heavy concentrations of sand were co- t h r o w  Hendgetes 4 
and 5 and the mea i n  front  of the headworks etarted f i l l i n g  from the 
upst.ream enii. The majority of flow through the model was concentrated 
i n  a channel dong  the r igh t  bank, a s  shown i n  Figure 11. 

A s  the t e s t  was continued, the area i n  frmt of the headworks 
co~zlnued t o  f i l l  and the concentrations i n  the headworks discharge 
increased. Very l i t t l e  sand was drawn through the slulceway, however. 
After approximately 20 hours of operation the ent i re  area i n  front  of 
the headworks had f i l l e d  with the exseption of a s m ~ U  tr iangular a r e a  
irmnediately upstreem f rm &he sluiceway. This area was then f i l l e d  .. 
whilr! the nodel was shut down. The model w a s  run fo r  an additional 
5 hours, during which the concentration i n  the sluiceway began t o  
increase. Averaging the concentrations shown by the samples a f t e r  an 
equilibrium condition had apparently bean reached, Figure LOB, showed 
a r a t i o  of concentre,tion i n  the sluiceway t o  the concentration i n  the 
herdworks of 0.682. 

!The discharges through the sluiceway and tho  headworks were 
+,hen reversed giving a canal discharge of 200 c f s  and a sluiceway d is -  
chwge of 400 cf s. This run was continued f o r  14 hours and 30 minutes, 
at which tlme the concentrations ahowed by the samples seermed t o  have 
stabl,lized. The headworks and sluiceway gates were then rese t  t o  t h e i r  
o r l g l d  positions and an adrlitional run of 5 hows was made. This run 

Qs saw the r a t i o  % eqUs l  t o  1.33 f o r  % ; 2 and 0.314 for - 0.50. 
ch &h % 

With the bed l a f t  as It w a s  a f t e r  the campletion of the second\ 
run a system of in%crmittent s l u i c i ~  was t r ied.  The ~luicewey and head- 
works gates were se t  to the strsndard discharge and the model operated at! 
these  sa t t ings  for 55 mlnutes. The sluiceway- gate was then f u l l y  opened 
f o r  5 minutes, This procedurr: w a s  repeated each hour f o r  a t o t a l  run of 
20 hours and 30 minutes. 



dropped considerably, caueing the discharge through the head&k gates 
t o  drop practdcaUy t o  zero. After the sluicing period the sluice gate 
was completely closed u n t i l  the pool had f i l l e d  t o  i t s  noMaal eleva.tion 
of 639.0 f ee t ,  a f t e r  which the gates were r e se t  t o  the 200- aJad 400-cf s 
Oischarges. Regular samples were takan at 20-minute intervals between 
sluicing and occasional samples were taken during the sluicing period. 

During sluicing heavy scour occurred i n  Front of the headwork8 . with the r iprap floor,  at elevation 1632.0 f ee t ,  being exposed over most 
of i t s  area. A pronounced channel w a s  scoured upstream through the pool 
deposit, Figures 12A and 1ZB. 1 I 

c s i 
Samples taken between sluicing periods showed - = 0.713 and 1 

c s Ch I 

the samples taken during the sluicing periods gavo - = 4.269. The cam- 
Ch 

bined r a t i o  was 3.770. When the sand w a s  removed from the tail box it 
was measured and showed tha t  89 percent of the t o t a l  sand rsoved had 
passed through the sluiiceway usiag only 36 percent of the water. 

1 

Although tbis system of operation appeared t o  offer  a great 
dea l  of promise as far  a s  e f f ic ient  removal of the sand was concerned, 
it was ftrlt that the fLuctuation 09 the canal. water l eve l  due t o  the 
varying d:J.scharge through the headwurks during the s luiciag periods 
would cause sloughing of the canal banks arrrl. was, therefore, not a satis- 
factory r n e t ~ z  of operation on a project having unlined canals. Ro f'urthsr 
study w a s  mPde of t h i s  system of o;~eration. 

A guide W ~ X L  55 f e e t  long and 12 f e e t  6 inches high was then 
installed as shown i n  change NO. 1, Figure 6 .  The bed was  s e t  at 
elevation 1632.0 fee t  between the guide w a U  aPd the headworks. The 
remafnder of the bed i n  the model was l e f t  as it was at the end of the 
previous run. The pier between the sluiceway and the overflow weir 
was a lso  cut back 8.0 f e e t  t o  el-te the large draw-down it caused 
when the sluice gate w a s  fuU open. 

The model w a s  then operated under the same conditione as for 
Run Xo. 1. Samples were taken at reg* intervals. 

This arrangement proved t o  be l e s s  sat isfactory than the 
or iginal  design giving a r a t i o  of = 0 . u .  The unsatisfactory 

sediment distribution seemd t o  be came& by the increased turbulence 
i n  the flow arvund the end of the guide w a l l  cawing a larger  percentwe 
of the load t o  be thro-m in to  suepension and drawn out the  headworks. 



the end of t h i s  run. They ehow the heavy scovz tha t  occvmed upstream 
frm and around, tho end of the guide v x a P l  and the heavy deposit between 
the gulde w a l l  and the headworks. 

In order Lo spoed up the tes t ing  program no complete rune were 
made on the next several changes. Several curved shay~es were t r l e d  on 
the end of the guide w a l l  shown as Change No. 1. The space between the 
sluiceway rmd the guide wall wa8 varied ad submerged vanes, &own as 
dashed l l r ~ s  oa Chango No. 1, PQure 6, wore t r ied.  None of these 
change s showed any approcia'ole improvemeart. 

A new guide wall, Change No. 2, Figure 6, was then t r ied .  Thls 
w U  wan bu i l t  t o  operate subwjrged allowing the water t o  be diverted t o  
f l ~ w  over the top. Various we13 heights were t r ied .  It became apparent 
tha t  when the elevation of tho top of the w a l l  was lowered suiPficlently 
t o  a l l o w  the f u l l  f l ow of the, headworks t o  pass over it, the sand bed 
upstream fran the wall bu i l t  up t o  an elevation suff icient  t o  alLow the 
bed load sand t o  also pass over the w a l l .  A horizontal l i p  extending 
upstream fram the face of this guide waJ3. wae cried in  an attempt 
t o  keep the sand A.am flowing over the top. This l i p  showed e s l ight  
improwmnt over the other axrangement but the lmprovament was insuffl- 
c lent  t o  w a r r a n t  further t e s t s .  A ver t ica l  guide w a l l  was also t r i e d  
i n  place of the aloping bank. Figure 1 4 ~  shows the model at the canpletlon 
of the t e s t  ~ t h  t h i s  arrangement. 

Change No. 3,  Figure 6, was the last of the upstreem guide 
walls t o  be t r ied.  The curved wall axbending frm the upstream edge 
of the headworks had i t s  top above water and replaced the sloping bank 
of the pool excavation. The s traight  wall across the face of the head- 
w o r k ~  was a submerged w e i r  with a 1-inch l i p  exten- outwards f ran  i ts 
face. The wall exkended t o  the upstream face of the eluice gate. 

When this w a l l  was b u l l t  hlgh enough t o  prevent the sand from 
passing over the top, it caused too p e a t  a l o s s  In head and the necea- 
sary discharge could wt be obtained through the heaBmrks. When the 
w a l l  was lowered sufleicientlg t o  pass the req&ed amount of water, the 
sand bed buPlt up t o  *Jlo point where the eand passed over the top and 
there was no improvement over the o r i g i d  design. 

I Downstream Divide W a U s  - 
W i t h  the fa i lure  of the ups~ream guide walls t o  show any 

improvements over the original  d e s m ,  a t ten t ion  was next directed towatd. 
the use of a divide wall betmen the sluiceway and the overflow we*. 
It was f e l t  t ha t  such a waLl muld induce a curved flow past the head- 
works with the headworks gates on the outside of the curve. 

I 



1 On prolbnlnary runs t h i s  curl.angenen% ahowed a marked-improve&nt-over 
I the or iginal  &sign so a complete run at the standard water anC sedi- 

ment discharges was made with samples being taken at regular intervals. 
During the ear ly part  of the run, the area i n  front  of the headworko 
began f i l l i n g  with sand. Duriag t h i s  time, howemr, the samples showed 
approximrttely equal concentrations In both the sluiceway and headworks. 
Aftm a few hours of operation, the area in front  of the headworks had 
f i l l e d  t o  the l eve l  of the headworks sill, and a r o l l e r  across the face 
of the s i l l  began t o  form. This r o l l e r  immadia~ely began s c o u r i ~  a 
large hole i n  f'ront of the headworks and carried the majority of the 
sand past the headworks t o  the sluiceway. 

During tho remainder of the run t h i s  r o l l e r  continued, 
r e e s t a b l i s h l q  i-tsulf each time the model was s tar ted up. The r o l l e r  
carried a large past of the bed load sediment at r igh t  angles t o  %he 
face of the headworks but was not strong enough t o  carry it the full 
distance t o  the s1uicewa;r. A rather  l a rge  sand bar was bu i l t  up 
across the entrance to-the sluiceway. The samples taken during this 

l;s run showed a ea t lo  of - = 6.629 even though there was a heavy concen- 
Cl. 

t r a t ion  through ~eac3ga.t; mo. 1. Figure 1 4 ~  shows the sand bed i n  front  
of the headworks a t  the end of t h i s  run. The deep scour in f ront  of 
the headworks and the bar bu i l t  up across the entrance t o  the sluiceway 
i s  plainly vlslble.  

After completion of the t e s t  with Change No. 4, the model 
was operated a t  a number of discharge combinations with sand added a t  
irregular intervals. With a t o t a l  of 600 c f s  flowixg thrcugh the 
model, the sluice gate was gradually closed and the headgates opensd 
u n t i l  the division of the water was 540 c f s  diverted through the head- 
works and 60 cfs  through the sluiceway. Flow conditions remained approx- 
imately the same with t h i s  new division of the discharge. The r o l l e r ,  
however, kecame weaker and the bar across the front of the sluiceway 
bu i l t  up resul t ing in a s l ight ly  higher concentration passing through 
Headgates 1 and 2. Upon returning t o  the 400-200 c f s  division of flow 
the bar and r o l l e r  returned t o  the i r  or iginal  condition. With a higher 
t o t a l  discharge through the model, conditions were the same with the 
height of the bar across the sluiceway controlled by the  discharge 
through the sluice gate. 

With the r e su l t s  of the previous t e s t s  indicating tha t  t b e  
divide w a l l  as used i n  Change No. 4 was the most satisfactory approach 
t o  the solution of the problem, at tent ion was turned t o  the alignment 
of the sloping b m k  of the pool excavation. In all t e s t  runs made up 
t o  t h i s  point the alignment of the bank of the pool excavation was left 
as originally des-d. 



No. 5 ,  Figure 6, The sloping barak was extended straight  out frm the 
heedworks and the divide wall shortened t o  provide suff icient  area t o  
pass tho required flow. This aspangement proved unsatisfactory, The 
reverse curve i n  the flow pattern resul ted in very heavy concentrations 
passing through Headgates 4 and 5. The r o l l e r  notice& i n  the previous 
run w a s  apparent only in fkont of Headgates 1 and 2 and even at t h i s  

I location it was very weak. 

The excavation bank was therl swung back, Change No. N, 
cutting off the point which was causing the detrimental reverse curve 
i n  Change No. 5.  This n e w  alignment appeared bet ter  but s t i l l  was 
not as sa t i s fac tmy as Change No. 4. Sand dis tr ibut ion appeared t o  
be about eaual between the sluicewav and the headworks. No r o l l e r  
formed end the s a d  bed in Pront of the headworks 't;:~Ilt up t o  the 

I l eve l  of' .the headworks si l l .  I 
I The model was operated f o r  a short time with Headgates 4 

and 5 completely closed and the t o t a l  diverted flow passing t h r o w  
Headgates 1, 2, and 3.  This system of operation improved the sediment 
distribution. However. concentratiw the f l o w  too much bv keeninn I 
some gates closed appeared t o  increase the turbulence in  the f low-  i 
through the headworks resul t ing in a higher co-acentration of sand b e i q  

I carried through as  suspended load. Figure 1% shows the condition of 
the bed a f t a r  these t e s t s .  I 

The guide w a l l  was thea extended t o  67 fee t  6 inches, Change 
No. 6, Figure 6. The flow conditions f o r  t h i s  arrangement appeared to  
be approximately the same as tha t  f o r  Change No. 4. The r o l l e r  action, 
however, was further upstream than previously noted and heavy con- 
centratioos passed through both Headgates 1 aad 2. The bar across 
the face of the sluiceway also forms& s l ight ly  further upstream, being 
located between Headgates 1 anCl 2. The res t r ic ted  opening between 
the bank and divide w a l l  caused an appreciable loss  i n  head f o r  the 
600 cf s flow. Therefore, the w a l l  was shortened to 52 f ee t  6 Inches. 
Tho velocity of the water i n  front  of the headworka was much lower and 
there was no indi.-,atlon of the ro l l e r .  There was, however, a a a l 3 L t e  
movement of sand across the face of tfie headworks toward the sluiceway. 
This set up showed enough yromlse t o  w a r r a n t  a cornplete run: This run 
was made with the stan4ard water and sand discharges snd a U  headworks 
gate? opened equally. When the model had reached equilibrium conditions 
the 2 ra%io equaled 5.m. Figure 15B shows the condition of the sand 

C 
bed a$ tho ccmopletian of t h i s  run. 

After 20 hours' run with standard set t ings Headgates 4 and 
5 were camplet6l.y closed, Headgates 1 and 2 f u l l y  opened, aad Headgate 
3 used for  regulation. 'Phis set-up resulted i n  a l e s s  favorable sand 



gates 1, 2, 3, and 4 were then opened u n i f o d g  and Headgate 5 re- 
u i m d  closed. Some bnprovement was noted but the conditions wore 
s t i l l  no% as favarable as with alL gates opened equally. 

&om obsarvations made on runs t o  t h i s  point it seemed tha t  
the strongest r o l l e r  f o m d  and the most favorable distribution of tha 
sand load occurred when the flow past the headworks w a s  a t  a f a i r l y  
high velocity. Thus, it appeasea necessary t o  narrow the channel 
batween tire divide w a l l  and headworks a s  much as possible. To deter- 
nine the mlnhum width of opening that  could be used and s t i l l  d iver t  
s d f i c i e n t  water t o  m e t  canal and sluicing reqairements, a t a i l  box 
was bu i l t  below the ht?t&works structure t o  maintain proper tail-water 
conditions. It was f3und t ha t  a 37.5-foot opening would pass L,OGO 
cfs--750 c f s  divertad and 250 cfs  for  sluicing--with tha pool held at 
elevation 1639.5 fee t .  With t h i s  w a l l  arrangement, a strong r o l l e r  
formed a d  sand d i s t r l b u t l m  w a s  favorable. Therefore, 37.5 f e e t  w a s  
chosen as the minhnum distance between the divide wall and riprap 
embankment . 

The arrangement shorn as Change No. 7, Figure 6, w a s  then 
instal led,  Included i n  t h i s  set-up was a vortex tube extending across 
tho face of the headworks Immediately upstream from the sill. As 
originally installed, the tube ended a t  the l e f t  side of Headgate 1. 
With t h i s  arrangement the vortex inside the tube was very weak and 
a f t e r  only a short period of operation a bar bu i l t  up across the lower 
end of the tube blocking it ccrmpletely. . .  A closed conduit was then 
1nsCYaJ.led on the end of the vortex tube which discharged under the 
sluice gate. With t h i s  conduit i n  place the  vortex tube kept i t s e l f  
c l e m .  Occasionally, a bar would build across it but in  a very short  
timo the tiabe would clean i t s e l f  o~at and again operate sat isfactori ly .  
A complete run at standard water and sarrd discharges was made and showed 

s a -  r a t i o  of 7.5. The r o l l e r  action w a s  a l so  mesent ahead of the 
I-! r, 
-11 

.rortex tube. F i g w e  16A shows the condition of the bed a t  the com- 
pletion of the run. Note the absence of the bas extending into H e a d -  
gate 1 whfch was present i n  the majority of the runs including the 
downstream dlvide w a l l .  

The run was then continued with .the sluice gate blocked 
off t o  givs an effective width of 10  fee t .  This arrangement was even 

n 

more satisfactory, giv lw a 2 of 10.5. Figure 1 6 ~  shows the bed at 
the completion of t h i s  run. ch 

The vortex tube w a s  then removed. The location of the 
6-ivide and r iprap bank was left unchanged. A run w a s  made using 
tho usual sett ings with both a 20- and 10-foot sluice gate width. The 



t i o n  was not a s  satisfactory. m e  r a t i o  f o r  the 20-foot s luice 
% gate was 2.92 and f o r  the 10-foot ga e 5.83. Figures 17A and 17B show 

the  condition of the sand bed a t  the end of the runs with the 20- and 
10-foot gates, respectively. 

These runs indicated tha t  the vortex tube and narrow sluice 
gate improved the sand dis tr ibut ion considerably. Due t o  the necessity 
of passing f loat ing debris and other design considerations, these two 
features  could not, however, be incorporated i n  the Superior-Courtland 
design. Further studies along these l i n e s  were therefore postponed 
until a l a t e r  date. 

Recammended Design 

From the r e su l t s  of these t e s t s  the arrangement of the divide 
w a l l  and excavation embankslent shown on Figure 5 was reconmended as the 
most favorable deslgn fa r  the Courtland diversion. Two further t e s t  
runs were made on t h i s  design. One using only 150 c f s  f o r  sluicing 
whlch gave a C6 r a t i o  of 1.52 and the second in which the sluicing 

Ch 
water was cut t;o 90 c f s  with the t o t a l  flow of 600 c f s  remaining the 

n 

same. This final run gave a of 0.94. Figure l8 shows the conditian 

of the bed a t  the end of 

TEST RUNS ON SUPWIOR HENWORKS 

The model of the Courtland h e a m r k s  was then modified t o  
represent the Superiar headworks by blocking off four of the f i v e  
headgates and changing tho alignment of the excavation embankment. 
The Courtland headworks t e s t s  had shown the desirability of the divide 
w a l l  and necessity for as  nrurow a passage between t h i s  w a l l  and the 
headworks as  possible so t e s t s  on t h i s  structure were Umited t o  
variations i n  the locat ion of the r iprap bank. Due t o  the necessity 
of passing float- debris the width of the passage In t h i s  headworks 
w a s  Umited t o  a minimum of 20 feet ,  the same width as the sl~cewa;g. 
Since t h i s  wldth was more than enough t o  pas6 the ana l l  axnount of 
water diverted at  t h i s  headworks, the slulcewey width was the control- 
l i n g  factor. 

The model w a s  f l rs t  run as or1ginaXl.y designed and gave a 
s - of 0.014. A plan of t h i s  design i s  &own on Figure 7. Figure 19A ch 

shows the bed at the end of t h i s  run. 

A divide w a l l ,  Change No. 1, Figure 7, was then installed. 
When t h i s  mangement was tested, pract ical ly the e n t b e  flow in the 



l i t t l e  flow occurred over the remainder of the model. !Ibis condiiion 
can be seen i n  F-e 19. 

This design showed sams improvement over the oxiglnel design, 
n 

giving a 3 of 0.18. When the model wae run a t  higher discharges, how- 
% 

ever, there was a pronounced wave formed where the main flow struck 
the headworks wing w a l l .  To ellm.tnate t h i s  condition the  excavation 
bank: was extended straight  in to  the h e a d m k  wing w a l l ,  Change No. 2, 
Figure 7. This arrangement Improved the candition i n  f ront  of t h e  

wing vall and gave a 5 equal t o  0.64. Blgures 2OA snd 205 show the  
Ch 

bed at the end of the run wlth Change No. 1 and d u r i ~ g  the run with 
Change No. 2 i n  place. The recammended design for the Superior head- 
works, Change No. 2, Is  shown i n  Figure 5. No further t e s t s  were run 
on t h i s  design. 

ADDITIOm STUDIES RECO- 

The designs as recammeaded i n  this report represent a decided 
Improvement over the original designs. It is  f e l t ,  however, that with 
f urtber investigation of several poss ib i l i t ies  indicated i n  the se 
stud.ies additional improvement can be made. 

The most promising of these possible Improvements Is the  uee 
of the vortex tube i n  ccmwction with canal headworks. A t  the present 
t h e  no def in i te  information i s  avaiLable on the proper size, location, 
and shape of the tube f o r  the  m e t  favorable operation. Necessary 
velocities over the tube, head on the  tube outlet ,  length of the tube, 
and size of material  hRnrllnd a lso  need t o  be determined. Further 
studies to  ascertain these factors  would undoubtedly result i n  a very 
la rge  lmprovament i n  headwork deslgw for use on a sediment-carryiag 
stream. 

The s ize and location of the sluiceway was a l so  ia?.lcated 
as a governiag fac tor  in the sediment, distribution. Namowlog of the 
sluicewey concentrates the sluicing water, thus praducirrg higher veloc- 
i t i e s  and greater  scouriag action. The necessity of malntaiaing a 
channel through the upstream pool deposits during periods of no diver- 
sion w l l l  require a sluiceway of a cer ta in  capacity. The proper width 
t o  best  sa t i s fy  both thee6 requLramsnts I 8  a ~ t h e r  feature requlr- 
fur ther  study. The feasibility of setting the sluiceway s i l l  at an 
elevation lover than that of the  aormal riverbed a d  u t i l i z ing  the 
scouring action of a contraction works should a lso  'lse investigated. 

The most favorable position far the headworks structure i n  
re la t ion  t o  t h e  sluicevag. should be determiaed. The aaglle between the 

I 



hedworks and sluiceway, position of headworks re la t ive  t o  sluiceway 
gate, and elevation o f  headwork s i l l  above sluiceway s i l l  are fac tors  
requiring further  study. 

Some of t h i s  aaditionel information has probably been 
determined by other investigators and wil l .  require only a l ibrary  
research. Most of these problems w i l l ,  however, require further lab- 
oratory studies. A library search of publishek l i t e ra tu re  r e l a t ive  
t o  design of headworks and sluiceway structures i s  being carried on 
by Mr. E. W. Lane, Consulting Hydraulic W i n e e ; ~ ,  and will be covered 
i n  a separrate report.  It i s  recammended tha t  the additional labora- 
tory  work required be accamplished as soon as funds and personnel are  
available. 

The following operating l ~ t z u c t i o n s ,  baaed on the hydraulic 
model studies, are recorme~lcied as  a guide t o  operating personnel i n  
order t o  obtain the best  r e s u l t s  from the operation of this otructure 
from a sediment control standpoint.'' Actual observations on the com- 
pleted prototype may indicate scam modifications I n  these procedures. 
In  order t o  best determine these changes, records of the mount of 
sediment deposited i n  the canal, sediment load i n  the r iver  upstrean 
fram the diversion. and omratinn orocedure followed ahould be k e ~ t  
f o r  the first several y e a s  the project is  in operation. 

Any tes t ing  o r  calibration of the headworks gates should 
be accomplished as soon as possible after closure of the diversion 
dm. These t e s t s  w i U  probably cause a wide f luctuat ion i n  the pool 
elevation and canal discharge, and i f  these t e s t s  can be run before 

I t h e  pool azea has f i l l e d  with sediment the quantity of sedlment drawn 
i n to  the c d  w i l l  be mdler than tha t  which wil l  occur if the t e s t s  
a re  made a f t e r  the pool area has become f i l l e d  w l t h  sediment. 

e n t b e  f l o w  of the r ive r  allowed t o  flow thou@ the sluice gate u n t i l  1 
the pool elevation has dropped t o  a m l a h u m .  The sluicing period 
should be alternated between the Courtland and Superior headworks, 
with only one side being sluiced at a time. I 

In  all t e s t s  on the model the r a t i o  between the canal and 
sluiceway discharges were kept constant for both headworks. It Is 
f e l t ,  however, t h a t  i n  ac tua l  operation the available sluicing water 



amount of sedlmsnt b e i w  camled in to  the canals rather  than by the 
water discharges. ALthouRh the S u ~ e r i o r  Canal draws a~p~ox lmate lx  

-f Ift.?tth~~b;~sch&~e of the Coyy_tla&J%Ca, it- w i l l  probably rg- 
quire a greater proportion of the available - --- . Additional 
improlre&X-ih-~iTdlj6ent hiatr ibut  ion can-e obtained I 

by varying t h i s  apportionment with changiag condltioas in the river 
flow and sediment deposition. 

Two of the main periods during which care should be used In 
the set t ings of the sluice gates are d u r m  the recession of flood 
flows and the nonlrrigation seasone. During ei ther  of the80 periods, 
it is  possible tha t  one of the channels t o  the headworks may become 
blocked by eediment deposits. It Is very l i ke ly  tha t  these channels 
can be kept open by proper division of sluicing water between the 
s luice gates. It may 'be necessasy at  times t o  use the ent l re  avail- 
able flow of sluicing water in one sluiceway t o  maintain the chanxml. 

Another factor  governing the formation of the sedlrnent 
deposits behind the diversion works i s  the water-surface elevation ia 
the  pool. The lower t h i s  elevation can be carried the lower the sedi- 
ment deposit near the headworks and sluicewayo will be. It would be 
desirable t o  s e t  the headworks and sluice gate so as t o  malntaln a 
pool elevation just suff icient  t o  obtain the proper canal discharge. 

The quantity of vater diverted should be held as low as 
p o s s i b l - l , A i l l l ~ _ s f  y-irr-igat Ion demands. Any surplus water 
-~iTE&ed an8 returned t o  the r iver  through wasteways will tend t o  
aggmwte the sedlmant problem by carryin& additional sediment into 
the canals. The majority of this sediment will be deposited in the 
upper reaches of the canal and any sluicing action cauaed by flow 
through the wasteways w l l l  not offset  t h i s  additional deposition. 

















A. Republican River aa& 

B. w e 1  Sand 





Figure 10 

A. Before %st Run Nunber 1 

B. After Test Run Number 1 





A. Closeup In front of headworks 

B. General shot of bed 

Channel. scoured during intermittent sluicing 
StrJ-ag grid 15 f t .  Interval prototype 

Figure 



A. General  v i e w  of bed after 3 hours run 

B. Cloeeup of bed a f t e r  23. home run 



Figure 14 

A. Closeup of bed after a short run 
Change Number 2 

B. Closeup of bed after 15 hours run 
C h q e  Number 4 



B. Closeup of bed after 20 hours run 
Change Number 6 

COURTLAND HEAmoRKs 

Figure 15 

A. Closeup of bed a f t er  6 hours run 
Change Number 5A 





A. Using 20 ft. Slulcegate 







A. End o f  t e s t  sun 
Chaage Amber 1 

B. During t e s t  run 
Change A m b e r  2--Reccmrrmsnded Des- 


