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PURPOSE 

The purpose of the study was to develop the hydraulic 
design of turnouts from a lateral c h ~ t e  in Block 25 of 
the Wahluke Branch Canal. 

CONCLUSIONS 

1. The length of the intake in the floor of the chute 
was shortened 50 percent; this intake was long enough 
to divert the design flow of 75 cubic feet per second 
(2.1 2 cubic meters per second) from the chute. 

2. T-bars in  the grill (grizzly) of the floor intake were 
replaced with 3- by 3-inch (76.2- by 76.2-millimeter) 
angles placed with the apex pointing up. The spacing 
between centers of the angles is 6-7/16 inches (163.26 
mm). 

3. Vertical baffles spaced across the opening between 
the compartment under the floor of the chute and the 
constant-head orifice Urnout compartment improved 
the flow distribution into the constant-head orifice. 

4. A coefficient of discharge was determined for the 
grizzly for use in  the design o f  other grizzlies at other 
turnouts. 

5. General guidelines were determined for use in the 
design of baffle arrangements at other turnouts. 

GENERAL APPLICATION 

The results o f  this study can be applied t o  the design of 
similar turnouts from canal chutes and of drop-type 
energy dissipators as illustrated in Engineering 
Monograph No. 25.' 

Wahluke Branch Canal, a pan of the Columbia Basin 
Project, is located in  East Central Washington about 20 
miles (32 kilometer4 southeast of Ephrata, Figure 1. 
Lateral WB38, is a chute from the canal t o  the Wahatis 
Wasteway, Figure 1. From the chute there are several 
turnouts t o  other laterals, Figure 2, the largest i s  the 
turnout at WB38C. Figures 3 and 4, which was model 
tested in this study. The capacity of this turnout is 75 

'c *, 

cfs (2.12 cms) diverted from a flow of 75 cfs (2.12 
cms) t o  192 c k  (5.44 cms) in Lateral WB38. 

THE MODEL 

The model. Figure 5, built t o  a geometrical scale of 
1:6, included a 3.5- by 4.0-foot (1.07- by 1.22-m) head 
box; a 105-foot (32-m) prototype length of the chute; 
the turnout grill t o  WB38C lateral; the constant-head 
orifice structure i n  the turnout; the culverts from the 
constant-head orifice structure t o  the trapezoidal canal 
lateral; the exit transition from the culverts; a 30-foot 
(9.14-m) prototype length of the rock-lined trapezoidal 
canal. A slioe gate at the outlet from the head box was 
used t o  regulate the flow depth and velocity in  the 
chute. A portable orifice venturi meter measured the 
total flow t o  the head box; the Vee-notch weir box 
measured the flow remaining in the chute downstream 
from the turnout. A fixed weir at the downstream end 
of the rock-lined canal section maintained the proper 
water surface elevation in the canal. 

THE INVESTIGATIONS 

The primary purpose of the investigation was to insure 
that the grill (grizzly) over the entrance t o  the turnout 
t o  WB38C lateral from Lateral WE38 chute discharge 
the proper quantity of flow from the chute in  a 
hydraulically satisfactory manner. In developing the 
design, it was necessary to investigate a range of flows 
from 75 c k  (2.12 cms) t o  192 cfs (5.44 cms) in  the 
chute; in  all cases the flow t o  be diverted was 75 cfs 
(2.12 cmd. The results of the study were t o  be applied 
t o  the design of the other turnouts from the chute. 

The Preliminary Design 

The preliminary design of the turnout to WB38C. 
Figures 6 and 7. utilized a grizzly 20 feet (6.10 m) long 
in the concrete floor o f  the chute through which the 
flow t o  the turnout entered. 

With only 75 cfs (2.12 cms) in the chute. the grizzly 
discharged about 73 cfs (2.07 cms) into the turnout, 
Figure 8. The other 2 cfs (0.06 cms) continued along 
the top flat surfaces o f  theT-bars t o  the far end of the 
grill. It appeared that this quantity o f  flow would 
continue along the top flat surfaces of theT-bars for a 
great distance. Since 73 cfs (2.07 cms) entered the 

' "Hydraulic Design of Stilling Basins and !Energy Dinipators," US. Department of the interior. Bureau of 
Reclamation Engineering Monograph No. 25 b y  A. J. Peterka. 



turnout in about the first third of the grizzly's length, 
the grizzly appeared to be longer than necessary. 
Figure 8. 

Operation of the structure with 75 cfs (2.12 cms) being 
diverted from 192 ds (5.44 cms) in the chute was 
completely satisfactory at the grizzly, Figures 5 and 8. 
However, it was noted that the downstream half of the 
grizzly could be covered and the performance was just 
as satisfactory. 

With 192 cfs (5.44 cms) in the chute, the flow that 
entered the turnout was concentrated on the left side 
of the constant-head orifice structure. Actually some 
reverse flow occurred on the right side. With 75 cfs 
(2.12 cms) in  the chute, the flow into the 
constant-head orifice structure was more evenly 
distributed with slightly more flow on the right side. 

Modifications 

The grizzly was shcrtened to half its original length by 
eliminating the dowrstream portion. The 4-inch 
(101.6-mm) wide T-bar2 were replaced with 1-114-inch 
(31-314-mm) by 1-114-inch (31-314-mm) angles with 
I-1116-inch (27.mm) open spaces betyeen the 
I-114-inch (31-314mm) surfaces. The flat surfaces of 
the angles still carried a small portion of the flow 
across the entrance at the chute discharge of 75 cfs 
(2.12 cms). 

The 1-114-inch (31-314-mm) angles were then replaced 
with 3-inch (76.20-mm) by 3-inch (76.20mm) angles 
placed with the apex up at 6-7/16 inches (163-114 mm) 
on centers, Figure 4. The clearance between the floor 
of the chute and the sloping floor beneath the grizzly 
was reduced at the downstream end when the grizzly 
and entrance was shortened. To provide additional 
room. the slope of the floor beneath the grizzly was 
steepened. 

The concept of placing the angles with'the apex up 
appeared to be an excellent one since the required 
amount of flow entered the openings betwen angles 
for all lateral flows. However, finding a method of 
anchoring the ends of the angles to the floor of the 
chute to prevent them from becoming a debris trap 
presented some problems. 

The steeper slope on the floor beneath the grizzly was 
unsatisfactory since the hydraulic jump in the 
compartment below the floor of the chute was much 
more turbulent and the turbulence carried into the 

constant-head orifice structure. It was believed that the 
flatter slope in  the previous design provided a more 
streamlined entrance into the jump and better energy 
dissipation in the form of fine-grained turbulence. 

The flatter slope was reinstalled and a test was made to 
evaluate the need for the grizzly. A t  192 cfs (5.44 cms) 
in the chute with the grizzly removed, the water level 
in the downstream compartment of the constant-head 
orifice fluctuated tremendously, often overtopping the 
walls. With the grizzly in place, the fluctuations were 
reduced to  about 6 inches (152.40 mm) and the flow 
in both compartments of the constant-head orifice 
structure was much more stable. The grizzly also 
reduced the wave heights and smoothed the flow in the 
chute downstream from the entrance to the turnout. 

T o  provide better flow distribution into the 
constant.head orifice structure, vertical baffle bars 
5.113 inches (135.47 mm) wide were placed at various 
spacings across the opening from the compartment 
below the floor of the chute. This bar width was used 
because it was anticipated that strips of corrugated 
metal (two corrugations wide) would be used to 
provide strength and rigidity to the long. slender 
baffles. 

Recommended Design 

The recommended design, Figures 3.4. and 9, utilizes 
the 10-foot-long turnout grill made from the 3- by 
3-inch (76.2- by 76.2-mm) angles on 571164nch 
(163.26-mm) centers with the apex of theengles up. 

A scheme for supporting the grill at the downstream 
end was developed and tested that provided maximum 
clearance between the floor of the chute and the 
sloping floor of the turnout entrance and would catch 
a minimum amount of debris at low flows. Leaves and 
small twigs from dried Russian thistles added to the 
flow in the chute were not detained on the grill. It was 
noted that rocks in bedload sediment could become 
wedged between the angles; however, this type of 
debris was not expected. 

No hydraulic problems were encountered when 75 cfs 
(2.12 cmsl was diverted from chute flows ranging 
between 75 cfs (2.12 cms) and 192 ds (5.44 cms), 
Figures 10 and 11. Nor were any adverse conditions 
noted when none of the flow in thpchute was diverted. 

A t  75 cfs (2.12 cms) in the chute, some foam from the 
hydraulic jump in the compartment below the lateral 



floor appeared on the downstream end of the grizzly, 
Figure 10. However, l e n  than 1 cfs (0.03 cms) was 
carried across the grizzly. A t  discharges of 76 cfs (2.15 
cms) or more in the chute, 75 cfs (2.12 cmsi was 
diverted into the turnout and the hydraulic 
performance in  thechute was excellent, Figures 11 and 
12. 

The arrangement . of the baffles between the 
compartment beneath the floor of the chute and the 
constant-head orifice turnout structure was developed 
i n  the model using wood slats, Figure 9, to represent 
the 5-113.inch (135.47-mm) wide corrugated metal 
baffles in the prototype, Figure 3. Corrugated metal 
strips (two corrugations wide), were used to provide 
strength and rigidity to the long, slender baffles. Closer 
spacing of the strips at the downstream end of the 
compartment improved the distribution of flow into 
the constant-head turnout when the chute was 
discharging 192 cfs (5.43 cms). Placing two strips 
together at the upstream end of the compartment 
improved the flow around the upstream corner into the 
constant-head orifice structure when the chute flow 
was 75 cfs (2.12 crns). Further, it was determined that 
the total flow area of the openings between the strips 
could be reduced to approximately, but not less than. 
the flow area of the two orifices between the two 
ccrnpartments of the constant-head orifice turnout 
structures. Therefore, the total number of 5-113-inch 
(135.47-mm) wide strips was limited to 16. 

APPLICATION OF THE 
RESULTS TO OTHER TURNOUTS 

To apply the results of this study to  the design of the 
grizzlies at other turnouts from the chute, the 
discharge coefficient was determined for the grizzly 
discharge expressicn. referred to in Engineering 
Monograph No. 25' - - - -  

L = 
Q 

CSN fi 

where L i s  the length of grizzly, Q is the t&tal 
discharge, C is an experimental coefficient, S is the 
average space width between angles including the end 
spaces to canal walls, N is the number of spaces, g i s  
the acceleration of gravity, and y is the flow depth in 
the canal. The value of C for the 10-foot (3.05-cm) 

' Op. cit. p. 1 













General view looking upstream along chute showing the head box and 
vee-notched wier box with the conrtant-head orifice turnout, pipe culverts, 
and canal lateral extending to the left. Photo P222-D-67488 

Looking downstream showing the turnout grill and the constant-head orifice 
structure with the two head gages to regulate the flow diverted from the 
chute. Photo P222-D-67490 

WAHLUKE BRANCH CANAL 
1:6 SCALE MODEL PRELIMINARY DESIGN 

Figure 5 









Chute flow is 75 cfs (2.12 cms) with 73 cfs (2.07 cms) 
diverted. Photo P222-D-67487 

Chute flow is  192cfs (5.43 cms) 75 cfs (2.12 cms) in turnout. Photo 
P222-D-67489 

WAHLUKE BRANCH CANAL 
PRELIMINARY DESIGN OPERATION 

1 5  SCALE MODEL 

Figure 8 



Figure 9 

General view looking upstream;/ Photo 
P222-D-67491 

Grizzly looking downstream. Photo 
P222-D-67492 

Baffled turnout looking upstream. Photo "22-D-67493 

WAHLUKE BRANCH CANAL 
MODEL VIEWS OF RECOMMENDED DESIGN 

1:6 SCALE MODEL 



Chute flow is 75 cfs 12.12 crns). Photo P222-0.67494 

Chute flow is 80 cfs (2.26 cms). Note: 75 cfs (2.12 cms) in turnout. 
Photo P222-D-67495 

WAHLUKE BRANCH CANAL 

1:6 SCALE MODEL 

21 



Chute flow is  95 cfs (2.69 cms). Photo P222-0.57496 

Chute flow is 192 cfs (5.43 crns). Note: 75 cfs (2.12 cms) in 
turnout Photo P222-0.67497 

WAHLUKE BRANCH CANAL 
RECOMMENDED DESIGN OPERATION 

1:6 SCALE MODEL 
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A 1:6 scale model of s turnout from a Wahluke Branch Canal lateral chute war used to develop A 1:6 scale model of a turnout from a Wahluke Branch Canal lateral chute was "red to develop 
the hydraulic design of the entrance into the turnout. An efficient design consisting of a grill the hydraulic design of the entrance into the turnout. An efficient design consisting of a grill 
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the floor of the chute into the constant.head orifice compartment. General guidelines were the floor of the chute into the conrtant.head orifice compartment. General guideliner wars 
developed for using the baffle ban at other Nrnoutr. developed far using the baffle bars at other turnouts. 

ABSTRACT 

A 1:6 scale model of a turnout from a Wahluke Branch Canal lateral chute war used to develop 
the hydraulic derign of the entrance into the turnout. An efficisnt derign consisting of a grill 
over an entrance in the chute floar war developed: a discharge coefficient war determined from 
the results for application to the design of similar turnouts. Baffle barr consisting of vertical 
strips of corrugated metal were developed to distribute the flow from the compartment beneath 
the floor of the chute into the conrtant-head orifice compartment. General guidelines were 
developed far using the baffle ban at omer turnouts. 

ABSTRACT 

A 1:6 scale model of a turnout from s Wahluke Brench Canal lateral chute war used to develop 
h e  hvdraulic d d o n  of the entrance into the turnout. An efficient derion conrirtino of a "rill ...* . .~ . -  .~ ~~ ~ ~ ~ - - 
over an entrance in  tho chute floar was developed: a a;r:hargr! cwfflctent war determ'ncd from 
the r e u  16 for application to the design of simdar t~ rnouts  Baff e barr conrirt ng cf ucrt ca 
strips of corrugated metal nore dcbe o p d  to d r t r i b t e  the flow Itom the comwrlment ucnesm 
the floor of the chute into the conrtant.head orifice compartment. General guidelines were 
developed for wing the baffle banat  other turnouts. 
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