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PURFOSE

The studies were conducted to aid in the development
of the hydraulic design of the fish concentrator and to
assure that the fish fingerlings be concentrated in a
flow of approximately 5 cfs (D.14 cubic meters per
‘second {cu m/sec}).

RESULTS

1. The concept of the preliminary design to discharge
the fingerlings over perforated plates with adjustable
orifices to control the total flow and provide 5 cfs
(0.14 cu m/sec) above the plates to carry the
fingerlings to the electronic counting device was, in
general, satisfactory.

2. The first three sections of perforated plates sioped
upward, hut 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 .

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.

3. The length of Sections 1, 2, and 3 upstream from
- the crest was increased from 3 feet & inches (1.07
meters (m]) to 3 feet 9 inches {1.14 m), The orifices in
'eat,"\ section were relocated as far downstream as
possnple without changing their,_ relative locations. This
'ehmrr‘nated air voids:and air entrainment between the

perfcirated plate and the orifice. plates, and increased )

the flo\w through the orifices..

g
\

.In 1.he fourth section, the orifices were eliminated

because the space between the orifice plates and.'the * .-

perforeted plate only part:ally filled with water. and

crea‘red an unstable ‘subatmospheric condition that
,/prevented properscontral of the dlscharge Instead, the

flow through this section is- alldwed to drop directly

into the ‘channel andis controlled by covering a -

portion of the perforated plate at its downstream end
The length of cover is adjustable., o .

5. To increase the amotint of control, the size of the
orifices was increased approximately 12-1/2 percent;
and, in addition, a means of adjusting'the upward slope
of Sections 1,- 2, and 3 was provided. These
modifications provide additional cont trol of the depth,
velocity, and quantity of flow “over the perforated
plate :

6. The waterfall 'throdgh' Section - 4.séaled the space .

. between the underside of Sections .1, 2, and 3 and the

. water surface; therefore, an air vent was installed in".

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

INTRODUCTION

The Tehama-Colusa Canai in northern California,
Figure 1, is part of the Sacramento Canals Unit of the
Central Valley Project, Construction of the canal began
in July 1965. The 140-foot (42.67-m) wide by
122-mile {196.33-kilome*ers (km}) long canal with a

-design capacity of 2,530cfs (71.64 cu m/sec) will take

its water from the Sacramento River just above Red
Bluff Diversion Dam 115 miles (185 07 km} north of
Sacramento.

e e .

c.-“ LIFORN/ 4

SHASTA DAM
REDDING

DUAL - PURPOSE IRRIGATION
“AND SFAWNING CHANNEL
122 .'_MlLESlI.lBKm) LONG

RED BLUFF

RED BLUFF DIVERSION DAM
1

TEHAMA. COLUSA CANAL

, @MLLows ;
:

Sacramenra River L

\\'Dummsnu N

" SAN FRANCISCO

Figure 1. Location map.

A 3.22mile (5.18-km) fong reach of the canal directly

.betow Red Bluff Diversion Dam will be a dual-purpose
waterway serving not only to convey water to crops-

but to provide an artificially created spawmng area for
chinook salmon.

After constructlon of this- artificiat 5pawn|ng area,
some of the adult fish heading up the Sacramento
River intent upon laying their 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 Pacufu:
Ocean _ . : _ BT

A series of drum fish screens will guide ;che{‘lf:ir;derlings

" from the main canz! into a bypass channel carrying 140 o
cfs (3.96 cu m/sec); Figure 2. In the bypass, a structure 7.
wlll concentrate the fmgerllngs into a ﬂow of 5 cfs

aSACRAMENTD '\*"3(
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(0.14 cu m/sec) 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 Rwer

The fish concentrator, Figure 3, is 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 3-foot
8.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
superlmposed sets of orifice plates that ‘can slide
laterally cnejupon the other to adjust the size of the
orifice openmgs and thereby, control the quantity, of
water flowmg through the perforated floor to the
channel below Flow through the fourth section is
controlled by means of 2 movable cover piate in
contact with the;underneath side of the screen which
adjusts the length of the open screen area. |n 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 functlons of Lthe controls are to maintain a flow
depth of approximately 4 inches (10 16 cm) at a
velocity of less than 10 feet {3.05 m) per second at the

.crest of the upward sloping seetmns and to iimit the

dnscharge tha! carries the fish  to the grader to
approximately 5 cfs (0.14 cu m/sec). 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 will handle the tiny fish gently
to hold losses to a minimum.

THE  MODEL

~.... The model, a 1:2.5 scale reproduction of the left half
“of -the fish concentrator in the fish by-pass route,

Figure 2, including s portion of the transition approach
section was constructed in a 30-inch .{76.2-cm) wide

flume, Figure 4. The right transparent plastic sidewall;
Figure -5, of the flume was the centerline of the -
' conceptrator; The fish- were not represented in the

model studies, R
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 -

lower set to adjust orifice openings frem 50 percent ‘

- open to 100 percent open. The screen was a 22-gage

perforated plate having 1/8-inch (3.17-millimeter
{mm)} round holes on 3/16-inch (4,76-mm} centers.
{This is 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 prototypa.)

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 upstreamn ' of the

concentrator. : ' o

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 downstreem 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 cm). Therefore, a
method to prevent this from happening was developed,

Preliminary Design ™

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 10:1 upward slope in a 10-foot
(3.05-m) wide®channel, The perforated plste screen.

" consisted of 1/4-inch (6.35-mm) round holes puriched

on 3/8-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 m/sec) from an

incoming flow of 140 cfs {3.96 cu.m/sec), leaving 5 efs

" {0.14 cu ‘m/sec) to carry the fish over the downstream

end. Four 3-foot G-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 scréen. A lateral partition between the
- orifice. plates and .the screen separated adjaoent

SECtIOnS

2 ‘9,,,_\

Vst

ot Clty of Tacoma Department of Public Ut:lmes Lrght Dwnswn—"‘l‘ he Sklmmer A Part of the DOWnstream Mlgrant
'System Mayfleld Fish Facnlltles—Hydraullc Model Investugatlons” by Dr. Eugene P. Rlchey, September 14, 1956
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Figure 5. Side view of 1:25 scale model operating. Phato
P602-D-68498

The percent of upen area provided by the orifices in_
each of the sections increased in a downstream

direction as the average depth of water above each
section decreased. Thus, each section of the
cancentrator was designed to discharge approximately
ane-fourth of the .135 cfs {3.82 cu m/sec) into the
channzl bidlow for return to the canal.

The percent of orifics area of the total area in each,oi™

the four sections, beginning upstream, was 17.8, 19.2,
24.2, and 32.8, These percentages could be reduced by

‘adjusting the width of the orifices. The widths of the

orifices:could be adjusted by means of the double layer
of orifice plates, one sliding laterally upon the ather.

Orifice capacity.—The discharge through the orifices
was insufficient in the preliminary design. With the
orifices fully open, approximately 1295 cfs {3.67 cu
m/sec) discharged through the orifices leaving
approximately 105 cfs (020 cu m/sec) discharging
over the downstream end of the structure. Flow over
the end of the structure was also mezsured for: orifice
openings of 90, 75, and B0 percent. A capacity curve
obtained from these data was extrapolated to indicate
the orifice area reguired to reduce the flow over the
end to 5 cfs (0.14 cu m/sec). The curve indicated that
the area of the. orifice openings should be increased
approximately 30 percent to pass approximately 135
¢fs (3.82 cu m/sec) through the orifice,

Since there was a double layer of orifice plates in each
section of the model, it was possible, for model testing
purposes, to use only a single layer of these with the
larger orifices made originally for Sections 3 and 4.
Therefore, the two layers made for Section 3 could be

-used in Sections 1 and 2 and those made for Section 4

could be used in Sections 3 and 4. This increased the
orifice area in Section 1 to 24.2 percent of the
total area-of the sectlon Section 2 to 24.2 percent
of the total area of the section, and in Section 3 to
32.8 percent of the sectaon area. The orifice area of:
Section 4 was rof fincreased in the madel, nor

would it be practicable to do so, since its orifice area
was already 32.8 percent of the total area which is
approaching the 40.3-percent open area in the
perforated plate screen,

Increasing the size of the first three sections as
described above reduced the flow over the end to
about 3 cfs {0.08 cu m/sec). It was found by placing
the larger size of orifices in Section 1 only, the flow
over the end was reduced to & cfs {0.23 cu m/sec); but
by placing the larger size orifice in Section 3 only, the
largest actual area increase of any of the sections, the
flow over the end was reduced to- 5.5 cfs {0.16 cu

- mfsec).

It was not practical to’ block off the orificas in each
section to determine the fiow through each of the four
sections separately as this would change the approach
flow conditions. However, when all of the orifice plates
were removed to determine the capacity of the screen,
none " of the flow -reached the downstream, end,
indicating that the screen was capable of discharging
the design flow 140 cfs {3.96 cu m/sec). ,The capacity

of the original arrangement of orifice plates was tested

with the screen removed and ali but' 3 cfs (0.08 cu
m/sec) of the 140 cfs (3.96 cu m/fsec) passed through
the orifices. Therefore, it appeared that the total
orifice area as designed might be sufficient if more
efficient use of the existing orifice area could be made.
Many arrangements of the orifice plates were tested.
One of the most promising arrangements was with the

orifice plates in reverse order; i.e., the |arge orifizes in -

the fourth section were placed in the first section,
those in the third were placed in_ the second, etc. This
arrangement did not’ incréase the' ‘'original open area of
the orifice, but towered the .water surface ouer the
upstream portion of the concentrator, Figure 6, and
increzsed - the total flow through the crifices leaving
about 8 eofs (0.23 cu m/fsec) to discharge over the
downstream end.

It was noted that a conq:derable amount of entramed
air was present in each of the four sections between the
screen and the orifice plates,” Flgure 9, particularly in
the sections having the large orifices. This air appeared
to rise through the orifices at the upstream end of gach
section. Part of the air rose through the downstream

portion of the screen in each section and passed over .

the. transverse partitions into the next section. The
transverse  partitions at the downstream end of each
section appeared to obstruct the flow as shown by the
rise in the water surface over-each partntmn Numerous
holes drilied through the partitions failed to-alter this
flow characteristic.




White air entrainment clouds appear between the perforated plate screen and the orifice plates 140 cfs (3.96 cu m/sec). Left

“photo PROZ-6B498 and right Photo PE02-D-68500D

Figure &. Hydraulic operating characteristics wiih orifice plates in reverse order.

The transverse partitions were replaced with one
longitudina! partition at each of the third points. This
smoothed the water surface and eliminated the air
entrainment, except at the upstrearn 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  the orifices
decreased. Frow over the downstream end was about
12.5 cfs {0.35 cu m/sec) as compared to 8 cfs (0.23 cu
m/sec) with the transverse partitions::With the orifice
plates ~in the original order, the flow over the

downstream end was about 10.5 ¢fs {0.30 cu m/sec), or' -

about the same as with the transverse partitions,

-White sir entrainment gloud above orifice plate in Sec1|on 1
Dnly, arifice plates are reversed. Photo F‘GDZ D- 68501

Figure 7. Hvdraulic operating characteristics

with Iongltudlnai partltmns _ .

."/r =
The flow over the dOWnstream end of the concentrator
was reduced and ‘the flow “through the orifices ‘'was
made greater by increasing the upward siope of the
screen and orifice plates. Tests with two steeper slopes

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 m/sec). The average

flow depth over the end of the structure was jess than
1 inch {2.54 em} for 5 ¢fs (0.14 cu m/sec), and some
air entrainment between the screen and orifice plates
still persusted L

N
i

‘Water surface) characteristics.—At the design flow of

140 cfs (3.96 wu m/sec), the water surface upstream of
the concentrator was at approximat_ely,r"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 m/sec) over the downstream
end. ' ' ' ’

The transition section reduced the channel width from
20 to 10 feet (B.1 to 3.05 m) in a distance of 14 feet 3
inches {4.34 m), resulting in considerable drawdown in
the water surface at the abrupt change in wall
direction. The water surface in the concentrator was
wavy and a prominent; diagonal " standing wave
emanated from the break in the sidewall alinement at.
the upstream end of the concentrator.

" Extending ,the parallel walls. of the con(:entrator 30.
" inches - 1702 cm} upstream and - placing a 15-inch

(381cm) "*.g\dMS at. the intersection with the

© converging wahxg)f the approach section, improved the

B

flow appearance‘\§ome drawdown in the water surface
".,\ G ':
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SLOPE OF .COHCENTRATOR
INVERT IN PERGENT

Discharge through orifices = 140cfs (3.96cms]) minus
discharge over end of concenfrator

Curve (1) is with orifice piote sections in the
ursgmol design arder.

Cutve {2) is with orifice plate sections fn
reverse order.

Figure B. Discharge versus cancentrator slope,

at the junction of the walls was still apparent and the
diagonal wave stil] persisted, Figure 9 however, the
flow depth over the downstream. end was more
uniform than before. ' :

Flow characteristics beneath the orifices.—The channel
beneath the orifice plates carried the flow away and
allowed ample space for -ventifation of the jets
discharging” from the underside of -the orifices.
However, the getaway of the water was improved by
the installation of a 45°, 15-inch (38.10-cm) fillet at
the upstream end, Figure 6. The fillet eliminated an
upstream eddy and lowered the water surface under
the first section of the concentrator.

Second Design

Description.—To smooth the water surface through the
concentrator and tc increase the depth of flow over the
downstream .end of ‘the structure, the sidewalls in the
transition section.. at the. upstream end of the
concentrator and the parallef walls in the concentrator

In’addition to the air entrainment, .
- vortices formed between adjacent orifices, Figure-12.

were replaced with converging walls that reduced the
width at the downstream end of the concentrator to 8
feet (2.44 m], Figure 10. To compensate for the
reduced screen arez in the third and fourth sections,
the length of the concentrator was increased from 14
to 15 feet (4.27 to 4.57 m) and the width at the
upstream end of the screen was increased from 10 feet
w0 10 feet 11-3/8 inches (3.05 to 3.34 m). To obtain
the additional 1 foot (30.48 cm} length in the structure
each section was lengthened 3 inches (7.62 crn).

Mote: Orifice plates are in reverse order from that of the
preliminary design, Photo PE0R.D-68407

Figure 9.. Flow characteristics with
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 of the orifice area in this section. Otherwise,

the orifice sizes and the sequence of these sizes in the ==

four sections remained the same as ih the preltmmary
design.. The orifices in each section were relog: ated as
far downstream as possible without changmg thelr
relative position with each other, Figure 10, ~ 5

Orifice. capacity.—In the preliminary designithe flow
being in a diagonal:direction from above the screen to
the orifices "below was partially’ blocked by the
partitions, leaving a void in the upstream portion-of
each section which allowed air to be momentarily
drawn upward through the orifices into the voids. This
air entrainment was not as prevalent 'in the second
design, Figure 11; primarily because the orifices were 6
inches (15.24 cm) farther downstream from the
transverse partitions. Some air entrainment resultlng
from air . voids still perslsted ‘mtermmently in the
fourth section. The orifice" Io_catlons in this design
reduced the flow over the end of the structure to about
55 or 6 cfs{0.16 or 0.17 cm m/sec).

intermittent air

These occurred in each’ section just upstream off the
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- sections,

A S
" "PRELIMINARY DES

Note: No white clouds above orifice plaies as in Figure 7.
140 cfs {3.96 cu m/fsec). Photo P602-D-68503

Figure 11. Secnnd design in operation.

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

The screen without the orifices discharged the full 140
cfs {3.96 cu m/sec); the orifices without the screen
‘discharged all but about 3.5 c¢fs {0.10 cu m/sec), 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
belimouth shape to each of the holes. It was suggested
that the prototype screen be placed in tha same
. manner to provide a better coefficient: of discharge
through each of the perforations.

—Water,.surface characteristics.—For a discharge .of 140
cfs (3.96 cu 'n/sec), the water surface was at about

elevation 243 (74.07 m) upstream of.the transition -

section, or about 0.1 foot {3.04 cm) lower than in the
praliminary design. At the upstreami-end of the screen
the water was approximately 1.85 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 m/sec)

flow (approximately 1.71 feet {0.52.m}), a few inches
downstream from the beginning of the screen. At the
downstream end. of the screen, elevation 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, Figure 11. This

indicated a siower velocity, at least over the upstream
.increased discharge through the.

and- an
orifices '

The water sun‘ace was comparatlvelv smooth; The Iarge :

dlagondl wave in the prellrmnarv de5|gn had been
eliminated-and . the flow depth at the downstream end
was Tairly umform :

Figure 12, Vortices in Section 3 of second design, Phota
P602-D-68502

Recommended Design

Design criteria.—~Revised design critgria required a
discharge of not more than 5 cfs (0.14 cu™m/sec)
flowing at @ minimum depth of 4 inches {10.16 cm) at
a maximum velocity of 10 feet (3.05 m) per second to
carry the fingeriings from the concentrator, Otherwise,
the fingerlings would become frightened of the
she!low, fast flow and return upstream.

'Description.—To avoid making the structure extremely

long 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 downward slope

guntil only- 5 ¢fs {(0.14 cu m/sec) remained above. the

piate to carry the fingerlings to the counter. Thus the
flng,erhngs will not sense the shallow depth and
hlgh -velocity flow wuntil they have committed

_themselves to the downward direction of flow. This

condition existed at the downstream end of the third
arifice, Plate section; therefore, the fourth section was
placed 6n 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 orifices; and Iowermg of the floor beneath

the orifices. x




Development.—In developing this design it was decided
to return to the preliminary arrangement of parallel
walls 10 feet {3.05 m) apart, to simplify the design and
construction of the prototype. At 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 iengthened 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
12-1/2 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

reinstalled on a downward siope of 8:1 with' the crest
at elevation 241.92 {73.74 m).

Since the difference between the headwater elevation
upstreamn of the fish concentrator and the tailwater
elevation downstream of the fish counter was limited,
the guestion 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 to pass. Therefore, to
reduce the vertical drop required, the downward slope
of the fourth section was reduced to 18:1 and the
vertical depth of the fish separator - immediately
downstream from the concentrator - was reduced.
"Enough reduction in the vertical cdepth of the

structures was gained so that the floor of the .

concentrator and the transition section upstream could

be lowered 3 inches {7.62 cm) to provide extra free

board in the approsch to the concentrator as a safety
" factor against unexpected additional head loss through
the concentrator. -~

o B o

Operation ~ with . this arrangement .in the model
praduced a depth of about 4.5 inches (11.43 cm) over
the crest at a velosity of about 7 feet (2.13 m} per
second. The veioc:ty was determined by several
averaging pitot tube measurements over the length of
the crest. W

This arrangement of the model provided a flow of only
2.5 cfs {0.07 'cu m/sec) above the perforated plate at
the downstream end of Section 4 when all orifices were
‘ fully .apen.
entrained aar“:n thé flow were present between the

" perforated plate screen and . the orifice plates in the
" fourth -section. By closing the orifices in Section 4 to

recommended design was .
terminated at this point and the fourth section .

In addition, a large air v0|d and much, ‘ about b

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
conceritrator was increased. This arrangement increased
the flow over the end from 2 to about 7.5 cfs (0.06 to
about 0.21 cu m/sec). Apparently, removal of the

orifice plate beneath the perforated plate screen
relieved & 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 7.5to 5 ¢fs (0.21 to 0.14
cu m/sec). 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, to 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 6 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.

Additional control of the flow was prowded by making
the slope of Sections 1, 2, and 3 adjustable. Tests made

-in the preliminary des:gn studies had shown that flow

through the orifices was increased by 5teepen|ng thes

: upstream slope. How's :.‘El' this flow increase may be

offset by.reduced flow ‘through Section 4 or reinforced
by a reduction in the steepness of the upstream slope.
Since the - design requirements set farth .at the

|

1!
l

,'J

beginning of the recommended design studies were met -

in the model witholt adjusting the steepness of the
slope, there was no need to test the adjustable feature
of the demgn.

Performance.—The hyd'raulic performance of the
orifices either fully open or partially closed was very

- satisfactory, Figure 13. Tests were conducted with

vartous combinations of orifices in Sections 1, 2, and 3,
either half closed or fully open to determine the length

of the closure adjustment in Section 4, Figure 14. The

closure pfate length is in addition to the width of the

supporting angles at the upstream and downstream-

entds. With all orifices fully open, the closure plate
length must be about 19 inches {48.3 cm}. With all
orifices half closed, the closure plate length should be
inches {127 cm). Velocity and depth
requirements at the crest were WIthln acceptable:limits ~

.- for-any of the combinations of onﬂue closures tested.
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. CLOSURE ADJUSTMENT:  DISCHARGE ! TOTAL HEAD AVERAGE DEPTH OF | AVERAGE VELOGTY
ORIFIGE POSITIONS To THE o
SEGCTION NO. & FISH GRADER | ABOVE GREST FLOW AT CREST AT GREST
IN EACH SECTION INCHES (CM) CFS (CMS] FEET (M} INCHES (GH) FEET /SEC. (M/SEC)
ALL FULLY OPEN 18.62 147.29) 5(0.(4) 1.190(36.27) 3.2518 26) 7.7012.35)
SECTION NO | ] 8 4.12110.46) 7.43t2.26)
RALE CLOSED 00120.32) 5(0.14} t. 20G{36.58) > ; 4302,
: -
SEcgioN o2 B&Z(2H 89) “5(0.14) I.:92(36.33) A3TUIL1O) 7.3012.23)
— L
SECTION NO.3 675 (17.14) 5{0.14) 1.190(3€27 5.37{13.64} sazt2.1
HALF CLOSED : ‘ : : : : : merell
SECTIONS, MO raz 362¢9.09) i 5(0.14] 1.306(39.52} 5.50013.97 T3Stz
SECTIoNS Mo 183 5601136 5(0.14) |.287{2523) 6.45 {16.38} €9412.12) -
e s, Ne 283 5.50 (13.97) 5(0.14) I. 192 {26.33) 6.75117.15) 6.36(1.94)
= - : _
ALL HALF CLOSED 487(12.37) 510.14} 1. 305 {39 78} B.12(2067) 6.3611.94)
: l

It

¥ Notes: Aijr pockets rnomentanly form and dlsappear between the perforated plate and onfu:'ﬂs in the third section when thesa
\

I orifices are fully open. F;gures in parenthesis are in metric units. Total flow 10 the concentratur = 140 dfs [3.95 cu misec).

Adjustable crest is 241.67 (73.66 ). See Figure 3.

Figure 14. Controlled discharge table.

Water surface ~characteristics.—The water surface
elevation upstream of the fish concentrator depended
upon the control of the orifice plates and the elevation
of the crest between Sections 3 and 4. With the crest
adjusted to midpoint elevation 241.67 (73.66 m} and
-all orifices-fully open the total head zbove the crest
was 1.19 feet (36.27 cm), Figure 14. Even with ali of
the orifices half closed, the fead above the crest did

not exceed 1.3 feet {39.62 cm) which places the ~

upstream water surface below elevation 243 (74.07 m).

This provided a safety factor of about 0.25 foot (7.62

cm) below the allowable maximum limit in the main
canal upstream. The "recommended -design was
purposely set 0.25 foot (7.62° cm) lower than the
preliminary or second designs to prov:de this. safety
'factor i

The recommended transition wall alinement (Figure
15} provided a comparatively smooth water surface
~drawdown . at the junction of the transition wall with
the fish concentrator wall, Figure 16. Some of the

S will not exist in the prototype

At the upstréam end of the perforated’ plate screen the
depth and velocity of the flow were approxlmately
1.92 and 7.28 feet (0.59 and'2.22 m)- per ‘second,
respectively, with all orifices fully open and

approximately 2.13 and 6.57 feet (0.65 and 2.003 m} ,

per second, respectively, with all orifices half closed.
Depth of flow and velocity at the dowrstream end of

Section 4 were measured at about0.62 inch {1.57 cm) -
-and 9, 75 feet (2.97 m) per second respectwely

Flow ‘characterlsttcs beneath. the onfi._ces.—The sloping

floor beneath the orifices was lowered to'a horizontal .

" level at elevation 232.30 (70.81 m) which is the lowest

13

‘elevation to which the preliminary floor extended. This

change was made, for reasons other than hydraulicand
could not be easily duplicated in the’model; however,
no adverse hydraulic problems are anticipated. The
model floor was horizontal at elevation 236.51 (72.09
m}, 4.21 feet (1.28 m) higher: than in the prototype.

- Therefore, the model water surface elevation benieath
i the orifices was higher by approximately this amount.
~ standing waves observed in the water surface are the. _ - O '
result of change in direction. of the madel wall which -+ The lack of orifices beneath the plate screen in the

- fourth

and final. section provided a  single
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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 8-inch ({20.32-cm)
diameter air vent was placed in eack wall immediately
below the orifices at midpcint 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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“The following list of drawings and reference drawings,
from Volumes 1, 2, and 3 of Specifications No.
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CONVERSION FACTORS-~-BRITISH TC METRIC UNITS OF MEASUREMENT

The following conversion factors adopted oy the Bureau of Reclamsation are thoze published by the American Society for
Testing and Materials (ASTM Metric Practice Guide, E 380-63) except that additional factors (*) commonly used in
the Bureau have been addad. Further discussion »f definitions of quantities and units is given in the ASTM Metric

Prastice Guide.

The metric units and sonversion factors adopted by the ASTM are based an the "International System of Units" (dezignated
SI for Systeme International d'Unites), {ixed by the International Committes for Weights and Measures; this system is
alzo known as tha Giorgl or MKSA {meter-kilogram (mass)-second-ampere) system. This system has been sdopted by

the International Qrganization for Standardization in 180 Recommendation R-51.

3

The metric technical unit of force is the kilo
ves it an acceleration of 9. 8

mass of 1 kg,

ram-force; this is the force which, when applied to 2 body having a
665 m/sec/sec, the standard acceleration of iree fall toward the =arth's

center for sea level at 45 deg latitude. The metric unit of force in SI units is the newton (I}, which is defined as

that force which, when applied to a4 body having 2 mass of 1 kg, gives it an acceleration of 1 m/sez/sez. These units
must be distinguished from the {intonstant} local weight of 2 body having 2 mass of 1 kq; that is, the weight of a

body is thal force with which a body is attracted {o the earth and is equal to the mass of a body multiptied by the
acceleration due to gravity. However, because it is gensral practice to use "gbund” rather than the technically

correct term "pound-force, " the term "kilogram" {or derived mass unit) has been used in this guide instead of "kilogram-
force” in expressing the conversion factors for forces. The newton unit of force will find increasing use, ani is

essential in SI units.

Wi,-g_re approximate or nominal English units are used to express a value or range of values, the converted metric units
in parentheses are also approximate or nominal, Where precise English units are used, the converted metric units

are expressed as equally significant values,

Table I

QUANTITIES AND UNITS OF SPACE

Multiplv

By

LENGTH

25. 4 (exactly). ...
25.4 (exactlyl,
2.54 {exacily)*
30.48 (exactly) . . . .,
0. 3048 (exactly)*.

0. 0003048 (exactiy)* | .

0. 9144 (exactly) . .
1,808, 344 (exactlyi(" v o

_ 1. 809344 {exactly)-"", .

Millimeters
Centimeters

. « Centimeters

. . Maeters

. . Kllometers
. Meters

Meters

. _Rilometers

AREA

Square inches
Square feet . . .

Square yards
_ Acres

6. 4516 (exactly} . . . .
28, 03*.,

Square centimeters
Square centimetsrs

. Bquare meters

Bquare meters
Hecatares
Square meters

- Square kilometers
. Scuare kllometers

- Square miles

VOLUME

Cubic inches
Cubic feet,
Cublc vards.

16,3871
0.0283168. .
_ 0.784555 .

Cubic centimeters
Cubic meters

. Cublc meters

Fluid ounces (:I.I:’-S.-J .

Liquid piats (U.S.}
Quarts {U.S.) . . .
Gallons (U.S.). . .

Gallons (UK.} -

Cubic feet, . .
Cublc vards, .
Acre=feet, , .

CAPAGITY
20.5737.. . .

| L,E3EER .

. Cubie centimeters

Milliliters

Cubic éeclirmeters
Liters :

Cublg centimeters
Liters

Cublic centimeters
Cublc declimeters
Liters

Cubic meters
Cubic decimeters
Liters

Liters

- Liters
‘» . Cubic meters

1,233, 500%
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