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Facilities required for the project include an aqueduct system of 
about 322 miles of pipeline, 10 pumping  plant^,^ 2 regulating reser- 
voirs, and chlorinating facilities to prevent algae growth in the pipe- 
lines. Al l  of the cities directly benefited-by the project a re  at  a 
higher elevation than Sanford ~am,Qnecessitati?g pumping of water 
from the reservoir. Borger and Pampa are  9 and 36 miles, respec- 
tively, southeast of the reservoir and will be furnished water directly 
by pumping. Amarillo is 4.0 miles southwest of the reservoir and 
864 feet in elevation above the reservoir. The remaining 8 cities in, 
the project a re  south of and at a lower elevation than Amarillo. The 
,most distant city, Lamesa is 160 miles south of Amarillo and 701 feet 

4. An a i r  vent 36 inches in diameter placed in the crown of the 
conduit 100 feet downstream from each check tower will satisfacto- 
rily release the a i r  moving along the crown of the conduit. 

5. The fluctuations of the water column in the a i r  vent a s  a i r  passes 
up through it will pump some a i r  back it30 the main conduit. The 
conduit downstream from the vent should be constructed on a down- 
ward slope of 0.08 or greater for about 50 feet to allow the small 
amount of a ir  so entrained to work back upstream and escape through 
the vent. 
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INTRODUCTION 

Sanford Dam on the Canadian River, about 40 miles northeast of 
Amarillo, Texas, is the primary storage facility for the Canadian 
River Project (Figure 1). Lake Meredith, impounded by Sanford 
Dam, will providz 103,000 acre-feet of water annually for municipal 
and industrial uses for 11 cities: Borger, Pampa, Amarillo, Plain- 
view, Lubbock, Levelland, .Brownfield, Slaton, Tahoka, O'Donnell, 
and Lamesa. Use of the regd$ted flows from the Canadian River 
will decrease demands on underground reserves, thereby increasing 
the supplies available for i r r ig~t ion  from wells. 



. -. -..- .- - ~ - -- . . . . 
The pipeline is so designed th&.,at normal flow, the hydraulic gra- 
dient will parallel the average giound profile producing ap ipe  wall 
pressure not exceeding 100 feet of water. While filling ordraining 
the pipeline, or  discharging less3han normal flow through the system 
there is a danger of surging, air  entrainment and water hammer. 

A tower-type check structure wasees iped to prevent adverse condi- 
tions such a s  overpressures and water hammer during other than 
normal operation, and still maintain the proper hydraulic gradient 
during normal operation. Each tower consists of a 90" bend to turn 
the water vertically upward from the conduit, a 180° return bend (with 
air  vent) at the top of the tower, and a 90° bend at the bottom of the 
downstream leg to return the flow to the main conduit alinement. 
Check towers will be installed at intervals along the conduit where 
the ground profile has dropped in elevation not exceeding 60 feet from 
the adjacent tower upstream. The top of each tower will be slightly 
below the normal hydraulic gradient, but will  have a pipe, open to 
the atmosphere, extending above the hydraulic gradeline from the 
top of the tower. The bottom of each tower will be slightly lower in 
elevation than the top of the adjacent tower downstream. Thus, dur- 
ing normal flows the hydraulic gradient will be slightly above the top 
of each tower causing the system to flow full ,  and at flows less  than 
normal, or  no flow, the conduit between towers will remain full. The 
pipe extension open to the atmosphere at the top of the tower will pre- 
vent damaging overpressures in the event of surging in the conduit 
during changing flows. 

Model tests were conducted to determine head losses, 'flow condi- 
tions, and a i r  entrainment in the basic check tower design, and to 
devise a vent structure capable of removing the a i r  carried into the 
conduit downstream from a check tower with the tower flowing par- 
tially full. 

THE MODEL 

The model was constructed of transparent plastic to facilitate obser- 
vation of flow conditions and air  bubble movement (Figure 2). Com- 
mercially available 11- 112-inch-inside-diameter, 114-inch wall pipe 

- was used for the straight sections, and four 90' bends, 11-112-inch 
centerline radius, were constructed in the laboratory shop. Water 
entered the model through a vaned elbow and 11 feet of 11-112-inch- 
inside-diameter pipe before reaching the first vertical bend of the 
check tower. A slat-type gate at the downstream end of the conduit 
controlled the back pressure o r  water depth in the downstream leg 
of the check tower. 





downstream from the first ring, measured along the conduit center- 
":, line (Figure 2B). The head loss caused by the four 90° bends of the 

lcheck tower was the difference between the losses with and without 

from the formula: 

Free Flow overthe crest 

jor problem. 

with free fall over 



of entrained a i r  decreased until, at  a water depth over the c res t  of 
3 feet (0.6 D), the e n a l l  amount of a i r  circulating in the jump was 
no longer carried through the downstream leg of the tower (Figure 6B). 
With a further increase in back pressure the free water surface in the 
return bend became trazlquil (Figure 6C) and finally filled the bend and 
entered the free surface tube (Figure 6D). 

Air Vent Structure 

If the free water surface i n the  downstream leg  of the check tower 
ic; relatively low (1 pipe diameter o r  so above the horizontal conduit 
downstream), a discharge of about 8 to 10 percent o f the  maximumil 
will entrain considerable a i r  and car ry  it into the horizontal c~nduiL--. ,~j~ 
At these small discharges with low water velocities in the pipeline, .--' 

the a i r  passing the downstream bend wil l  collect at the top of the con- 
duit. Some a i r  will bubble back into the check tower and some will 
work slowly downstream. Fo r  l a rger  discharges and higher- water 
velocities in the conduit, more a i r  will become entrained-and carried 
into the horizontal conduit to be swept downstream (Figure 7B). 

At a model discharge of 1.478 cfs (92 cfs for the fi0-inch conduit) 
all entrained a i r  which passed the downstream bepd rose to the top 
of the horizontal conduit in a distance of 10-112 pipe diameters 
downstream from th-echeck tower and continued on downstream. 
The a i r  which entered the horizontal conduit and was swept along 
b y  the. flowing water was compressed by the ambient water pressure 
in the system and presented thepossibility of uncontrolled explosive 
releases of a i r .  It was apparent that this a i r  would have to b e  vented 
downstream from the check tower after collecting at  the top of the 

To be certain the a i r  vent structure--was located-a sufficient distance 
downstream so all entrained a i r  had collected at the top of the con- 
duit before reaching the vent, the vent was installed 18 conduit di- 
ameters downstream from the check towers. To a i d a i r  movement 
from the check tower to the a i r  vent structure, and to retard a i r  

nding 8 feet vertically upward 



3 conduit diameters above the centerline of the horizontal conduit. 
These conditions were practical from a prototype-operating stand- 
point and forced a large amount of air to enter the conduit down- 
stream from the check tower. 

From .observation:of the action of the fluid flow at the a i r  vent struc- 
ture,= it was concluded that: 

, 2. The vent entrance port was too small; portions of the larger 
' 

bubbles passed on either side of the vent opening and continued 
on. down the conduit (Figure 10B). 

3. Air was pumped from the  vent back into the conduit due to 
large water surface fluctuation in the ventpipe (Figure 10C). 

stream' by buoyancy against the downstream, drag of the water. 
(There was very little difference in the movement of a i r  at the to 
of the conduit upstream a n d  downstream from the vent structure. 



ing action wfiich forced air  back into the conduit where it w a s  swept 

the a i r  vent. 

The conical section-did not appear to have any desirable features 
which could not be achieved with a less expensive cylindrical sec- 
tion. Therefore, a 7-112-inch-inside-diameter a ir  vent structure 
was mouded in.the horizontal conduit 17 conduit diameters down- 

ir approaching this vent structure from upstream entered the 

g, .however, in the p 
e r s  in series, additi 



in the check tower a r e  short-radius bends (centerliqe-.radius equal ,, 

to the conduit diameter). The conduit is horizontal from the check 
tower to the vent andthe vent is 36 inches In diameter and'about 
100 feet downstream from the: tower. The conduit downstream from 

mmendations included in 





bubbles -& the'36-inch a i r  vent structure in the field would break up 
in a manner similar  to that shown in Figure 15D and there would not 
be a s  violent a pumping action as the model pipe indicated. 

Air-Downstream from the Vent 

Air-which collected at the top of the sloping conduit downstream from 
the vent in the model formed individual bubbles o r  strings (Figure 10). 
The shearing action of the flow tended to.?~reak up bubbles l a rger  than 
about 4 inches wide (42" included angle at the conduit centerline). The 
movement of bubbles upstream due to buoyancy, o r  downstream due 
to  the drag of the flowing water, was dependent on the slope of the 
conduit, the discharge, and the bubble size. 

his check tower study, the bubbles downstream from the a i r  ve 
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Figure 0 
Report Hyd-555 

A .  Air entrained in the jump con- 
tinues down the downstream leg. 

C. No air entrained - flow tranquil 
with bend partially full. 

CANADIAN RIVER MAIN AQUEDUCT 
CHECK TOWERS 

Controlled flow over the return bend. 
Model discharge - 1 .478  cis. 







Overall view of model with check tower and air vent 
structure. 

CANADIAN RNEH MAIN AQUEDUCT 
CHECK TOWERS 





A. Air pumped from 5-112-inch air vent 
-0.030 downstream slope. 

B. Air pumped from 11-112 by 3-518-inch cone 
-0 .050 downstream slope. 

CANADIAN RIVER MAIN AQUEDUCT 
CHECK TOWERS 

Air pumped into downstream conduit from air 
vents (Q = 1.478 cfs). 





A. Vent air iurntshed from upstream c 





Figure 15 
Report Hyd-555 

A. 3-518-inch-diameter vent. Large B. 5-112-inch-diameter vent. Large 
homogeneous air cylinder rising ragged air pockets rising rapidly 
slowly and evenly causing small causing large water surface 
water surface fluctuations. nuctuations. 
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ABSTRACT 

losses, a i r  entrainment characteristics, and a i r  venting require- 
s were determined from hydraulic model studies of proposed check 
rs for  the Canadian River Aqueduct, Texas. The aqueduct flows 180 

pipe. Conduit wall pressures 
the check towers, each of which 

nnected a t  the top by a vented 

by the downstream check towers whose top inner radius serves a s  a cres t  
for the water to flow over. Air will be entrained in the downstream leg 
of each tower during less  than normal flows. This a i r  will be removed 
from the aqueduct by a 36-in. -dia air  vent located 100 ft downstream from 
each tower. Laboratory model studies showed that these check towers 
will operate satisfactorily for all discharges. preventing overpressures 

: 

and water hammer during other than normal operation, and when running 
full flow will maintain the proper hydraulic gradient in the pipeline. 
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ABSTRACT 

istics, and a i r  venting require- Head losses, a i r  entrainment characteristics, and a i r  venting require-. 
model studies of proposed check ments were determined from hydraulic model studies of proposed check 
, Texas. The aqueduct flows 160 towers for the Canadian River Aqueduct, Texas. The aqueduct flows 180 

and i s  constructed of 54-. GO- .  mi by gravity, drops 701 it in elevation. and is constructed of 54-, BO-, 
pipe: Conduit wall pressures 66-, and 72-in. -dia reinforced concrete pipe. Conduit wall pressures 
the check towers, each of which will be maintained at about 60-it head by the check towers, each of which 

nnected at the top by a vented consists of 2 vertical sections of pipe connected at the top by a vented 
rge will be controUed by friction 180-deg return bend, The design discharge will be controlled by friction 
d automatically in each pipe reach alone. and l e s se r  flows will be controlled automatically in each pipe reach 

by the downstream check towers whose top inner radius serves a s  a cres t  
for the water to flow over. Air will be entrained in the downstream leg 
of each tower during l e s s  than normal flows. This a i r  will be removed 

a a i r  vent located 100 ft downstream from from the aqueduct by a 36-in. -dia a i r  vent located 100 ft downstream from 
each tower. Laboratory model studies showed that these check towers 
will operate satisfactorily for al l  discharges. preventing overpressures 




