








PURPOSE 

The studies were conducted to aid in the development 
of the hydraulic design of the fish wncentrator and to 
assure that the flsh fmgerlings be concentrated in a 
flow of approximately 5 cfs (0.14 cubic meters per 
second (cu rnlsec)). 

RESULTS 

1. The concept of the preliminary design to discharge 
the fingerlings over perforated plates with adjustable 
oriflces to wnvol  the total flow and provide 5 cfs 
(0.14 cu mlsecl above the plates to carry the 
fingerlings to the electronic counting device was, in 
general, satisfactory. 

each of the two sidewalls of the compartment below 
the orifice plates. 

INTRODUCTION 

The Tehama-Colusa Canal in northern California, 
Figure 1, is pan of the Sacramento Canals Unit of the 
Central Valley Project. Construc:ion of the canal began 
in July 1965. The 140-foot (42.67-m) wide by 
122-mile (196.33-k~lome'ers (km)) long canal with a 
design capacity of 2,530 cfs (71.64 cu mlsec) will take 
its water from the Sacramento River just above iled 
Bluff Diversion Dam 115 miles (185.07 km) north of 
Sacramento. 

I 
2. The first three sections of perforated plates sloped 
upward, but the last was turned downward to provide a 
crest over which the depth and velocity of flow can be 
controlled. The fingerlings will not encounter S H A S T A  DAM 

high-velocity shallow flow until they are far enough 
along on the downward sloping section and unable to 
turn back to the deeper water upstream. I 

RED BLUFF DIVERSION DAM 

3. The length of Sections 1, 2, and 3 upstream from 
the crest was increased from 3 feet 6 inches (1.07 
'meters (m)) to 3 feet 9 inches (1.14 in). The orifices in - :-.>., 
ear-?,, section were relocated as far downstream as 
possi,de without changing tnei5 relative locations. This 
elimfiiated air voids and air entrainment between the .SICRIMENTO 

perldlated plate and the orifice plates, and increased 
the fl:?w through the orifices. 

?\ 
i! 

4. In the fourth section, the orifices were eliminated 
becad! the space between the orifice plates and. the 
p e r f o p d  plate only partially filled with water and 
c;~?gd an unstable:;subatmospheric condition that 

_,+prevented -. properrcontrol of the discharge. InsteadrZthe 
flow through this section is  allowed to drop directly 
into the 'channel and is  controlled by covering a 
portion of the perforated plate at i t s  downstream end. 
The length of cover is  adjustable. 

5. To increase the amount of control. the size of the 
orifices was increased approximately 12-112 percent; 
and, in addition. a means of adjucing-the upward slope 
of Sections 1, 2. and 3 was provided. These 
modifications provide additional cqn:rol of the depth. 
velocity, and quantity of f~ov&ver the, perforated 

,.;.. ,... 
plate. 

_:-.~ <-.. . -.:* - 
6. The waterfall through +ction 4 sealed the space : 

between the underside of Sections 1, 2, and 3 and the 
water surface; therefore, an air vent was installed in 

Figure 1. Location map. 

A 3.22-mile (5.18-km) long reach of the canal directly 
below Red Bluff Diversion Dam wlll be a dual-purpose 
waterway serving not only to convey water to crops 
but to provide an art~flclally created spawning area for 
chinook salmon. 

After construction of this artificial spawning area. 
some of the adult fish headinq up the Sacramento 
River intent upon laying thew eggs north of Red Bluff 
Dam will be trapped and planted in the new beds. 
After the eggs hatch, the fingerlings will start down the 
Tehama-Colusa Canal on their journey to the Pacific 
Ocean. 

-.-. . 4 
A series of drum fish screens will guide th3fingerlings J 
from the main canyl into a bypass channel carrying 140 
cfs (3.96 cu m/secl, Figure 2. In the bypass, a structure : 
will concentrate the fingerlings into a flow of 5 cfs 





(0.14 cu mlsec) discharging through a fish grader into a 
holding tank and through an electronic counting 
device, before being released into a secondary spawning 
channel that will convey them to a tributary of the 
Sacremento River. 

The fish concentrator. Figure 3, i s  16 feet 3 inches 
(4.95 m) long by 10 feet (3.05 m) wide. The first 11 
feet 3 inches (3.43 m) is divided into three 3foot 
9-inch (1.14-m) long sections having perforated plates 
in an upward sloping floor. The remaining 5 feet (1.52 
m) of the perforated plate floor slopes downward at 
the rate of 1:16. Four inches (10.16 centimeters (cm)) 
below the first three sections of screen are two 
superimposed; sets of orifice plates that can slide 
laterally onejupon the other to adjust the size of the 
orifice oper.ings and, thereby, control the quantity; of 
water floviing through the perforated floor to the 
channel F low. Flow through the fourth section is 
controlled by means of a movable cover plate in 
contact with theunderneath side of the screen which 
adjusts the length of the open screen area. In addition, 
the slope of the perforated plate floor can be adjusted 
to control the elevation of the crest at the end of 
Section 3. 

The functions of the controls are to maintain a flow 
depth of approximately 4 inches (10.16 cm) at a 
velocity of ler; than 10 feet (3.05 m) per second at the 
crest of the upward sloping sections, and to limit the 
discharge tha': carries the fish to the grader to 
approximately 5 cfs (0.14 cu mlsec). The grader 
removes the larger fish from the flow leaving only the 
newborn fingerlings to be carried through the 
electronic counter. The highly sophisticated screening 
and counting facilities wil l handle the tiny fish gently 
to hold lows to a minimum. 

'City of Tacoma 
System. Mayfield 

Department of 
Fish Facilities 

Public Utilities 
-Hydraulic Ma 

THE MODEL 

The model, a 1 :2.5 scale reproduction of the left half 
of the fish concentrator in the fish bypass route, 
Figure 2, including portion of the transition approach 
section was constructed in a 30-inch (76.2-cm) wide 
flume, Figure 4. The right transparent plasticsidewall. 
Figure 5, of the flume was the centerline of the 
concentrator. The fish were not represented in the 
model studies. 

Two sets of orifice plates in the floor of the 
concentrator were constructed of 16.gage sheet metal 
so that the top set could be moved laterally over the 

open to 100 percent open. The screen was a 22-gage 
perforated plate having 118-inch (3.17-millimeter 
(mm)) round holes on 3116-inch (4.76-mm) centers. 
(This i s  a 1:2 scale reproduction of the prototype 
instead of a 1:2.5: however. the percent of open area 
to total area is  identical to the prototype.) 

Flow over the downstream end of the concentrator 
discharged into an auxiliary flume constructed in the 
upper portion of the main flume, Figure 4. This second 
flume contained a rock baffle, a staff gage, and a 
12-inch (30.48-cm) wide sharp-edged rectangular weir 
calibrated in place. A piezometer tap was installed in 
the floor of the main flume to measure the water 
surface elevation several feet upstream of the 
concentrator. 

THE INVESTIGATION 

The investigation was concerned with the hydraulic 
flow conditions through the concentrator and with 
providing the correct rate of discharge for conveying 
the fingerlings over the downstream end of the 
structure. Experience has shown that the fish will turn 
upstream if the flow velocity exceeds approximately 
10 feet (3.05 m) per second or the flow depth is less 
than approximately 4:inches (10.16 cml. Therefore, a 
method to prevent this from happening wasdeveloped. 

Preliminary ~esign? 

Description.-The preliminary design of the fish 
concentrator, Figure 4, was patterned after a similar 
device developed for the Mayfield Fish Facilities for 
the city of Tacoma, washington.' The preliminary 
design consisted of a 14-foot (4.27-m) long perforated 
plate screen on a 10:l upward slope in a 10-foot 
(3.05-ml wide channel. The perforated plate screen 
consisted of 114-inch (6.35.mml round holes punched 
on 318-inch (9.53-mm) centers resulting in an open 
'area that was 40.3 percent of the total area. The screen 
was designed to divert 135 cfs (3.82 cu mlsec) from an 
incoming flow of 140 cfs (3.96 cu mlsecl, leaving 5 cfs 
(0.14 cu mlsecl to carry the fish over thedownstream 
end. Four 3-foot 6.inch '(1.07 m) long sections of 
double-layer orifice plates were located 4 inches (10.16 
cm) below the screen to control the quantity of flow 
through the scieen. A lateral partition between the 
orifice plates and the screen separated adjacent 
sections. 

, Light Division-'The Skimmer, A Part of the Downstr~am Migrant 
del Investigations" by Dr. Eugene P. Richey, September 14, 1956. 
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would it be practicable to do so, since 'ts orifice area 
was already 32.8 percent of rbe tota! area whicn is  
approaching the 40.3.percent open area in tnp 
perfcrated plate screen. 

Increasing the size of the frst three sect' ens as 
described aoove reduced rhe ilow over the end to 
about 3 cfs (0.08 cu mlsecl. I t  was found by placing 
the larger size of orifices in Section 1 only,the flow 

Figure 5. Side view of 1:25 xale nmdel operating. Photo Over the end was reduced to 8 cfs (0.23 cu mlsec); but 
- .  

P602-D-68498 by placing the larger size orifice in Section 3 only, the 
largest actual area increase of any of the sections, the 

The percent of open area provided by the orifices i n  flow over the end was reduced to 5.5 cfs 10.16 cu 
each of the sections increased in a downstream mlsec). 
direction as the average depth of water above each 
section decreased. Thus, each section of the It was not practical to block off the orificas in each 
concentra:or was designed to discharge approximately section to determine the flow through each of the four .. . . . 
one-fourth of the ,!35 cfs (3.82 cu mlsec) into the sections separately as this would change the approach 
channel bilow for return to the canal. . , flow conditions. However, when ail of the orifice plates 

were removed to determine the capacity of the rcreen, 
The percent of orificg area of the total area in each:?:' none of the flow ,reached the downstream, end, 
the four sections, beginning upstream, was 17.8, 19.2, indicating that the screen was capable of discharging 
24.2, and 32.8. These percentages could be reduced by the design flow 140 cfs (3.96 cu m/sec). ;The capacity 

:adjusting the width of the orifices. The widths of the of the original arrangement of orifice plates was tested ~ 

: 

orifices could beadjusted by meansof the double layer with the screen removed and all but 3 cfs (0108 cu 
of orifice plates, one sliding laterally upon the other. mlsec) of the 140 cfs (3.96 cu mlsec) passed through .. 

the orifices. Therefore, it appeared that the total 
Orifice capacity.-The discharge through the orifices orifice area as designed might be sufficient if more 
was insufficient in the preliminary design. With the efficient use of the existing orifice area could be made. 
orifices fully open, approximately 129.5 cfs (3.67 cu 
mlsec) discharged through the orifices leaving Many arrangements of the orifice plates were tested. 
approximately 10.5 cfs (0.30 cu mlsec) discharging One of the most promising arrangements was with the 
over the downstream end of thqjtructure. Fl?w over orifice p!ates in reverse order; i.e.. the large orifi::es in 
the e"d of the structure was also me,zjur& fo{,orifice the fourth section were placed in the first section, : 

openings of go, 75, and 50 percent, A capacity curve those in the third were placed i n  the second, etc. This 
obtained from these data was to indicate arrangement did not increase the'original open area of 

the orifice, but lowered the-water surface over, the , .  
the orifice area required to reduce the flow over the 

upstream portion of the concentrator. Figure 6, and 
end to cfs ('.I4 cu mlsec). The cur'e indicated that increased the total flow through the orifices leaving 
the area of the orifice openings should be increased about 8 c.s (0.23 cu m/sec) to discharge over the 
approximately 30 percent to pass approximately 135 downstream end., 
d s  (3.82 cu mlsec) through the orifice. ,;. 

It was noted that a considerablei amou~it of entrained .,. 
Since there was a double layer of orifice plates in each air was present in each of the four :ections between the 
section of the model, it was possible, for model testing Screen and the orifice plates. Figure 5, particularly in 

purposes, to use only a layer of with the the sections having the large orifices. This air appeared 

larger orifices made originally for Sections and 4, to rise through the orifices at the upstream end of each 
section. Part of the air rose through the downstream 

Therefore, the two layers made for Section 3 could be 
portion of the screen in each section and passed over .: 

,used in Sections 1. and 2 and those made for Section 4 the- transverse partitions into the next section. T~~ 
could be used in Sections and 4. This increased the transverse partitions at the downstream end of each 
Orifice area in Section 242 percent the section appeared to obstruct the flow as shown by the 
total area of the section, Section 2 to 24.2 Percent rise in the water sulfate over each phrtitinn. ~ u ~ ~ f ~ ~ ~  
of the total area of the section. and in Section 3 to holes drilled through the partitions failed to alter this 
32.8 percent of the/$ction area. The orifice area o f  flow characteristic, . 
Section 4 h a s  cat "~ncreased in the model, nor 

Li .. ., ~ ~. 

6 



White air entrainment clouds appear between the perforated plate screen and the orifice plates 140 cfs 13.96 cu rn/secl. Left 
photo P602-68499 and right Photo P602-D-68500 

Figure 6. Hydraulic operatin? characteristicswith orifice plater in reverse order. 

The transverse partitions were replaced with one 
longitudinal partition at each of the third points. This 
smoothed the water surface and eliminated the 'air 
entrainment, except at the upstream end of the first 
section, Figure 7. However, the velocity of flow over 
the orifices was increased due to  the lack.of 
obstructions and the flow through t h e  orifices 
decreased. Fiow over the downstream end was about 
12.5 cfs (0.35 cu mlsec) as compared to  8 cfs (0.23 cu 
mlsec) with the transverse partitions;:With tha orifice 
plates . i n  the original order, the flow over the 
downstream end was'about 10.5 cis (0.30 cu mlsec), or' .: 
about the same as with the transverse partitions. 

in addition to  the original 1 on 10 slope were made to  
establish the curves in Figure 8. The curves indicated 
that a slope of approximately 14 percent, depending 
upon the order in which the four orifice plates were 
placed in the sections, would be required to  reduce the 
flow over the end to  5 cfs (0.14 cu rnlsecl. The average 
flow depth over the end o f  the structure was less than 
1 inch (2.54 cml for 5 cfs (0.14 cu mlsec), and some 
air entrainment between the screen and orifice plates 
still persisted. 

s 
-. 

Water surface;! characteristics.-At the design flow of  . .. 

140 cfs (3.96.:~ mlsec), the water surface upstream of 
the concentrator was at a~proximately elevation 243.1 
(74.10 m). The flow passed through critical depth 
(approximately 1.82 feet (55.47 cm)) immediately 
downstream from the beginning of the screen, and was 
approximately 1 inch (2.54 cm) deep for the remaining 
flow of 10.5 cfs (0.30 cu mlsec) over the downstream 
end. 

The transition section reduced the channel width from 
20 to 10 feet (6.1 to  3.05 m l  in a distance o f  14 feet 3 
inches (4.34 m), resulting i n  considerable drawdown in 
the water surface at the abrupt change in wall 

,,whip air entrainment oloud above orifice plate in Section 1 direction. The water surface in the concentrator was 
only, orifice plater are reversed. Photo P602-0.68501 wavy and a prominent:;diagonal standing wave 

emanated from the break in the sidewall alinement at 
Figure 7. Hydraulic operating characteristics the upstream end of the concentrator. 

..- with longitudinal partitions. .~ .. . 0 Extending $he parallel walls. o f  the concentrator 30 
The flow over the downstream end of the concentrator inches :!7$-2 cm) upstream and placing a 15.inch 
was reduced and the flow-through the orifices was (38.1.cml ;''[$dius at the intersection with the 
made yeater by increasing the upward s i o ~ e  of the converging wali?.of the approach sectioa, improved the 
screen and orifice plates. Tests with two steeper slopes flow appearance?;!Some drawdown in the water surface 
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SLOPE OF COi lCENTRATOR 
I N V E R T  IN  PERGENT 

Discharge through or i f i ces  3 1 4 0 c f s  13.s6cmsl minus 
discharge over end o f  concentrotor. 

Curve  a is w i t h  o r i f i ce  plote sec t ions  in fhe 
origin01 design order. 

; C&ve @ is with orifice p lo te  sec t ions  i n  
reveise order. 

Figure 8. Discharge versus concentntor slope. 

at the junction o f  the walls was still apparent and the 
diagonal wave still persisted. Figure 9; however, the 
f low depth uver the downstream end was more 
uniform than before. 

i', 
Flow characteristics beneath the orifices.-The channel 
beneath the orifice plates carried the f low away and 
allowed ample space for ventilation of the jets 
discharging from the underside o f  the orifices. 
Howevei, the getaway of the water was improved by 
the installation o f  a 45'. 15-inch (38.10-cm) fil let at 
the upstr&m end, Figure 6. The fil let eliminated an 
upstream eddy and lowered the water surface under 
the first section o f  the concentrator. 

were replaced with converging walls that rsduced the 
width at the downstream end of the concentrator to  8 
feet (2.44 m), Figure 10. To compensate for the 
reduced screen area i n  the third and fourth sections, 
the length o f  the concentrator was increased from 14 
to 15 feet (4.27 to 4.57 ml and the width at the 
upstream end of the screen was increased from 10 feet 
to  10 feet 11.316 ~nches (3.05 to  3.34 m). To obta~n 
the additional 1 foot (30.48 cm) length in the structure 
each section was lengthened 3 inches (7.62 cm). 

inches (15.24 cm) farther downstream from the 
transverse partitions. Some air entrainment resulting 
from air voids still persisted,,intermittently i n  the 

Second Design fourth section. The orifice locations in this design 
reduced the flow over the end o f  the structure t o  about 

Description.-To smooth the water surface through the 5.5 or c.s (0.16 or 0.17 cm m/sec), 
concentrator and t o  increase the depth o f  flow over the 
downstream end of the structure, the sidewalls in the 1, addition to air entrainment, interminent 
transition section at the upstream end of the vortices formed between adjacent orifices, Figure 12. 
concentrator and the parallel walls in the concentrator ~h~~ occurred in each just upstream off the 

8 

Note Oriftce plates are in reverse order from that of the 
preliminary derlgn. Photo P602-0-68497 

Figure9. Flow charaderinicswith 
approach wall modification. 

Because of the narrgwer width at the downstream end 
it was necessary to eliminate the two outside rows of 
orifices in the last section, which amounted to  
one-sixth o f  the orifice area in this section. Otherwise, 
the orifice sizes and the sequence of these sizes in the -S2-:;; 
four sections remained the same as ';n the preliminary 
design. The orifices in each section were relo!:ated as 
far 7downstream as possible without changi"; their 
relative position with each other. Figure 10. 

'' 

Orifice. capacity.-In the Freliminary designc?lie flow 
being i n a  diagone!..di:cction from above the. sc&n t o  
the orifices 'below was partially blocked by  the 
partitions, leaving a void in the upstream portiomof 
each section which allowed air t o  be. momentarily 
drawn upward through the orifices into the voids. This 
air entrainment was not as orevalent i n  the second 
design. Figure 11 ;primarily because the orifices were 6 





Note: No white clouds above orifice plaier as in Figure 7, 
140 dr (3.96 cu mlrecl. Photo P602-0.68503 

Figure 11. Second design in operation 

transverse partitions in the preliminary design as well as 
in the second design. No attempt was made to 
eliminate these vortices. 

The screen without the orificesdischarged the full 140 
cfs (3.96 cu mlsec): the orifices without the xreen 
discharged all but about 3.5 cfs (0.10 cu mlsec), which 
remained to flow over the downstream end. 

The model screen had the round perforated holes 
punched from the top down which provided a slight 
bellmouth shape t~ each of the holes. It was suggested 
that the prototype screen be placed in th? same 
manner fo prov~de a better coefficient of discharge 
through each of the perforat~ons. 

Water surface characteristics.-For a discharge of 140 
cfs (3.96 cu nlsec). the water surface was at about 
elevation 243 (74.07 m) upstream of the transition .: 
section, or about 0.1 foot (3.04 an) lower thz6'in the 
preliminary des~gn. A t  the upstreaG end of the screen 
the water was approximately 1.55 feet (0.56 m) above 
floor elevation 240.51 (73.31 m). The flow passed 
through critical depth for the 140 cfs (3.96 cu mlsec) 
flow (approximately 1.71 feet (0.52 m)), a few inches 
downstream from the beginning of the screen. A t  the 
downstream end of the screen, elevat~on 242 (73.76 
m), the average flow depth was less than 1 inch (2.54 
cm), about the same as in the preliminary design; 
however. upstream from this point the flow depth 
throughout the entire length of the concentrator was 
greater than in the preliminary design, Fiyure 11. This 
indicated a slower velocity, at least over the upstream 
sections, and an increased discharge through the 
orifices. 

The water surface was comparatively smooth. The large 
diagonal wave in the preliroinary design had been 
eliminated and the flow depth at the downstream end 
was fairly uniform. 

Figure 12. Vortices in Section 3 of second design. Photo 
P602-D-68502 

Recommended Design 

Design criteria.-Revised design criteria required a 
discharge of not more than 5 cfs (0.14 cu-mlsec) 
flowing at a minimum depth of 4 inches (10.16 cm) at 
a maximum velocity of 10 feet (3.05 m) per second to 
carry the fingerlings from the cnncentrator. Otherwise, 
the fingerlings would become frightened of the 
shillow, fast flow and return upstream. d 

Description.-To avoid making the structure extremely 
!ong and narrow to meet these requirements, it was 
decided to terminate the upward slope of the 
perforated plate screen at a point where the flow depth 
was at least 4 inches (10.16 cm) and the velocity was 
less than 10 :feet (3.05 m) per second, and then to 
continue the perforated plate on a dowrward slope 

;.until , , only 5 cfs (0.14 cu mlsec) remained above the 
piate to carry the fingerlings to the counter.-Thus the 
fi&e~lings will not sense the shallow depth and 
high-velocity flow until they have committed 
themselves to the downward direction of flow. This 
condition existed at the downstream end of the third 
~ri f ice~plate section: therefore, the fourth section was '. 

placed on the downward slope, Figure 3. 

The length of sections and orifice placement developed 
for the second design. Figure 11, were desirable from a 
hydraulic standpoint and were retained for the 
recommended design, Figure-3. Other modifications 
included: returning to the 10-foot (3.05-m) wide 
structure; elimination of the orifices in Section 4; an 
increase in the size of orifices in Sections 1. 2, and 3: 
an adjustable crest elevation between Sections 3 and 4; 
an adjustable length of screen closure at the 
downstream end of Section 4; addition of air vents 
beneath the or~fices; and lowering of the floor beneath 



supporting angles at the upstream and downstream 
This arrangement o f  the model provided a flow of Only ends. With all orifices fully open, the closure plate 
2.5 d s  (0.07 cu mlsec) above the perforated plate at length must be about 19 inches (48.3 cm). With all 
the downstream end of Section 4 when all orifices were orifices half closed, the closure plate length should be 
fully open. In addition, a large air void and much about 5 inches (12.7 cm). Velocity and depth 
entrained air';in the flow were present betweerl the requirements at the crest were within acceptable limits 
perforated plate screen and the orifice plates i r l  the = for any of the combinations of orifice closures tested. 
fourth section. By closing the orifices i n  Section 4 to 

Development.-In developing this design it was decided 
to return t o  the preliminary arrangement of parallel 
walls 10 feet (3.05 m) apart, to simplify the design and 
construction of the prototype. A t  the same time it was 
desirable to utilize some of the benefits derived in the 
development of the second design. Therefore, as in the 
second design, each section was dgthened 3 inches 
(7.62 cm) to eliminate the air entrainment between the 
perforated plates and orifice plates. The same 
arrangement of the orifices was maintained; however, 
the size of the orifices were increased approximately 
12.112 percent to provide additional capacity. 

Operation of the second design indicated that the flow 
depth and velocity were within the specified limits at 
the partition between Sections 3 and 4. Therefore, the 
upward slope in  the recommended design was 
terminated at this point and the fourth section 
reinstalled on a downward slope of 8:l with the crest 
at elevation 241.92 (73.74 m). 

Since the difference between the headwater elevation 
upstream of the fish concentrator and the tailwater 
elevation downstream of the fish counter was limited. 
the question arose as to whether there was enough 
vertical drop available between these two elevations to 
accommodate the downward slope of the fourth 
section and the total drop requirement of all structures 
through which the flow had t o  pass. Therefore. to 
reduce the vertical drop required, the downward slope 
o f  the fourth section was reduced t o  16:l and the 
vertical depth of the fish separator immediately 
downstream from the concentrator was reduced. 
Enough reduction in the vertical depth of the 
structures was gained so that the floor of the 
concentrator and the transition section upstream could 
be lowered 3 incnes (7.62 cm) t o  provide extra free 
board in the approach to the concentrator as a safety 
factor against unexpected additional head loss through 
the concentrator. 

. 

Operation with this arrangement in  the model 
produced a depth of about 4.5 inches 111.43 cm) over 
the crest at a velocity of about 7 feet (2.13 m) per 
second. The velocity was determined by several 

one-half open, the air voids and air entrainment were 
eliminated and the discharge through the orifices was 
increased while the discharge over the end was reduced. 

It was found that by removing the orifices in Section 4, 
the discharge through the screen in Section 4 was 
reduced and the discharge from the end of the 
concetrtrator was increased. This arrangement increased 
the flow over the end from 2 to about 7.5 cfs (0.06 to 
about 0.21 cu mlsec). Apparently, removal of the 
orifice plate beneath the perforated plate screen 
relieved a subatmospheric pressure condition which 
drew more water through the perforated screen. 

With the orifices removed it was necessary to reduce 
the flow over the end from 7.5 to 5 cfs (0.21 to 0.14 
cu mlsec). Tests showed that the length of the fourth 
section should be increased from 3 feet 9 inches (1.14 
m) to about 4 feet 9 inches (1.45 m). However, t o  be 
certain that the capacity of the perforated plate screen 
would be sufficient at all times to discharge 135 cfs 
(3.82 cu m/sec). the length of the fourth section was 
increased to 5 feet (1.52 m\; and. an adjustable cover 
plate was placed under the downstream end so that the 
open length of the perforated plate in Section 4 could 
be adjusted, Figure 3. 

I 
I1 Additional control of the flow was provided>v making 

the slope of Sections 1. 2, and 3 adjustabl5 Tests made 71 
in the preliminary design studies had shown that flow 6 
through the orifices was increased by steepening the4 
upstream slope. ~ov$;er, this flow increase may be 
offset by reduced flow'through Section 4 or reinforced 
by a reduction in  the steepness of the upstream slope. 
Sime the design requirements set forth at the 
beginningof the recommended design studies were met 
in  the model without adjusting the steepness of the 
slope, there was no need t o  test the adjustable feature 
of the design. 

Performance.-The hydraulic performance of the 
orifices either fully open or partially closed was very 
satisfactory, Figure 13. Tests were conducted with 
various combinations of orifices in Sections 1.2. and 3, 
either half closed or fullv ooen t o  determine the lenath 

averaging pitot tube measurements over the length of of the closure adjustment in Section 4, Figure 14. The 
the crest. closure plate length is in addition t o  the width of the 





N EACH SECTION I C F ~  l c ~ s l  1 FEET IM) 

bLL FULLY OPEN 18.62  147.291 / 510.141 1 9 O I 3 6 2 7 l  3,2516 261 , 7 . 7 0 ! 2 . 3 5 4  1 . .. __--__._ 
SECTION NO i 
HALF CLOSED 510.141 1 l 20Ol36.583 4.1 2 110.461 7.43l2.251 

I 

SECTION N O  2 1 62 12, 691 HALF CLOSED , ! 510.14) 1 1 192136.331 4.37 11 1 I 01  
! T - 7 3 0 1 2 2 3 )  

SECTION NO 3 I 
I 119013€271 

I 
HALF  CLOSED 

1 5 37113 641 1 6.?2(2 1 1 '  I 

SECTIONS NO. 1 8 3  5.18113 161 
H4LF C L O S E D .  

, . 

Noter Air pockets momentarily form and disappear between the perforated plate and orifices in the third section when there 
 ifi ices are fully open. Figurer in parenthesis are in metric units. Total flow to :he mncentretor = 140 ds (3.96 cu mlsec). 
Adjustable crest is 241.67 173.66 m). See Figure 3. 

F~gure 14. Controlled dmharge table. 

Water surface characteristics.-The water surface At  the upstream end of the perforated plate screen the 
elevation upstream of the fish concentrator depended depth and velocity of the flow were approximately 
upon the control of the orifice plates and the elevation 1.92 and 7.28 feet (0.59 and ,2.22 m) per second, 
of the crest between Sections 3 and 4. With the crest respectively, with a l l  orifices fully open and 
adjusted to midpoint elevation 241.67 (73.66 m) and approximately 2.13 and 6.57 feet (0.65 and 2.003 m) 
all orifices fully open the total head above the crest per second, respectively, with all orifices half closed. 
was 1.19 feet (36.27 cm), Figure 14. Even with all of Depth of flow and velocity at the dowmtream end of 
the orifices half closed, the head above the crest did Section 4 were measured at about 0.62 Inch (1.5! cm) 
not exceed 1.3 feet (39.62 cm) which places the and 9.75 feet (2.97 m) per second, respectively. ' 

upstream water surface below elevation 243 (74.07 m). 
This provided a safety factor of about 0.25 foot (7.62 Flow characteristics beneath the orif'ces.-Thc sloping 
cm) below the allowable maximum limit in the main floor beneath the orifices was lowered to a horizontal 
canal upstream. The recommended design was level at  elevation 232.30 (70.81 m) which is  the lowest 
purposely set 0.25 foot (7.62 crn) lower than the elevation to which the preliminary floor extended. This 
preliminary or second designs to provide this safety change was made for reasons other than hydraulicand 
factor. could not be easily duplicated in the'model; however, 

no adverse hydraulic problems are anticipated. The 
The recommended transition wall alinement (Figure model floor was horizontal at elevation 236.51 (72.09 
15) provided a comparatively smooth water surface ml, 4.21 feet (1.28 m) higher than in the prototype. 
drawdown at the junction of the transition wall with Therefore, the model water surface elevation beneath 
the fish concentrator wall, Figure 16. Some of the the orifices was higher by approximately this amount. 
standing waves obsewed in the water surface are the 
result of change in di ode1 wall, wh~ch The lack of orifices beneath the plate screen in the 
will not exist in the pr four th  and f inal section provided a single 



A. Looking downstre oto P.502-C-60504 0. ~ o o k i n g  upstream. Photo PW2-D-68506 

Figure 16. Water surface in recommended design. 
,: 1 



waterfall from wall to wall, through this section. Figure 
13, which sealed off from the atmosphere the space 
beneath the orifices upstream. A vent hole drilled 
through the wall of this region indicated that a demand 
for air existed. Therefore, an &inch (20.32-cm) 
diameter air vent was placed in eacb wall immediately 
below the orifices at midwint of Section 2 where it 
was believed that the invert of the vent would be above 
the water surface at all times. 
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CONVE3SION FACTORS-BRITISH TO METilIC UNITS OF MEASUREMENT 

The mekic technical unit of force i s  the kilo ram-force. this is the force uhich when applied to a body having a 
mass af 1 kg, p it an acceleration of 9.88665 m/secjsec, the standard acce!eralion of frez fall tvuard the earth's 
center for sea we1 at 45 deg latitude. The metric unit 01 force in S: units is the neuton IN?, which is defined as 
that force which, when appiied to a hdy having a mass of 1 kg, gives it an acceleration of 1 m/se;/se;. These units 
must be distinguished from the (in2onstantl local weight of s body having 3 mass of 1 kg; that is, the wei ht of a 
bldy i s  that force with xhich a b33y is attracted to the earih an3 i s  equal to the mass of a Wdy muitiplie! by the 
acceleration due to ravity However, because it is general practice to use "pjmd" rather than the technically 
correct term "poun3-farce." the term "kilogram" (or derived mass unit) h a  been used in this guide instead of "kilogram- 
force" in expressing the cdnversion factors for forces. The newton unit of farce will find iwreasing use, an3 i s  
essential in Si units. 

Table I 

QUANnTLES AND UNITS OF SPACE - 
Muitiplv BY TO obtain 

LENGTH 

Mil. . . . . . . . . . . . .  25.4 (exactly). . . . . . . .  Micron 
Inches . . . . . . . . . . .  25.4 (exactly). . . . . . . .  Millimeters . . . . . . . . . . .  2.54 (exactly)*. . . . . . .  Centimeters 
Feet . . . . . . . . . . . .  30.48 (exactly) . . . . . . .  Centimeters . . . . . . . . . . . .  0.3048 (exactly)'. Meters . . . . .  . . . . . . . . . . . .  O.M)03048 (exactly)* . . . .  Kilometers . ,: 
Yards . . . . . . . . . .  0.9144 (ewctl ) . Meters 
Miles (statuie). . . . . . . .  1,609.344 (exactly& : : . :I: . . .  . Meters . . . . . . . . . . . .  1.609344 (exactlv):?.. . . .  Xuometers 

- AREA - 
Square inches . . . . . . . .  6.4516 (exactly). . . . . .  Square cenumeters 
Square feet . . . . . . . . .  829.03*. . . . . . . . . . .  Square centimetors . . . . . . . . .  0.092803 . . . . . . . . .  Square meters 
Sqrure yards . . . . . . . .  0.636127 . . . . . . . . .  Square meters 
Acres . . . . . . . . . . .  0.40468* . . . . . . . . .  Hectares . . . . . . . . . . . .  4,046. Q* . . . . . . . . . .  Square meters . . . . . . . . . . .  0. 0040kgr . . . . . . .  .;Square kilometers . . . . . . . .  . . . . . . . . . .  SPUIF~ miles 2.58899. .Square kllonleters 

VOLUME 
I 

Cublc inches . . . . . . . .  16.3871 . . . . . . . . . .  Cubic centimeters 
Cubic feet. . . . . . . . . .  0.0283188. . . . . . . . .  Cublc meters 
Cubic yards. . . . . . . . .  0.764555 . . . . . . . . .  CuMc meters 

CAPACITY 

Liquid pints (U.S. 1 

Quarts (U.S. . . .  
Galions (u.s.): : : . . .  . . .  . . 
GaUons (U. K. i . . . . 
Cubic feet. . . . .  
Cubic yards. . . .  
Acre-feet. . . . .  

Fluid ounces (u-TS. 1 . . . .  29.5737 . . . . . . . . . .  Cubic centimeters . . . . . . . . . .  . . .  29.5729 Milliliters . Cubic 6ecimeters . Llters . Cubic Centimeters . Liters . Cubic centimeters . Cubic decimeters . Liters . Cubic meters . Cubic decimeters . Liters . Liters . Ltters . Cub>= meters . Liters 






