UNITED STATES
DEPARTMEKT OF THE INTERIOR
' BUREAU OF RECLAMATION

HYD 401°¢

'FIELD AND LABORATORY TESTS TO DEVELOP
THE DESIGN OF A FISH SCREEN STRUCTURE
DELTA-MENDOTA CANAL HEADWORKS
CENTRAL VALLEY PROJECT, CALIFORNIA

Hydraulic Laboratory Report No, Hyd-401

DIVISION OF ENGINEERING LABORATORIES

COMMISSIONER'S OFFICE
DENVER, COLORADD

March 21, 1955




Purpose . . . « » o »

"“f‘Summa:y R
Field Tests . . .
Laboratory Studies .

‘Conclusions . . . . oo

Field Studies. . . ‘
Laboratory Studies

Rgggmmendaﬁonsk ..

Field Studies. . .
Laboratory Studies

Acknowledgment . e e

PART 1

FIELD TESTS TO DEVELOP THE DESICGN OF A
' FISH SCREEN STRUCTURE
DELTA-MENDOTA CANAL HEADWORKS
CENTRAI=F¥ALLEY PROJECT, CALIFORNIA

mtrwuéuw - - L] ‘ - * L] * ° - ® - * ® - - L J - - . - L -

The Pilot Fish Screen SIruCtUre . « « « o o = o o s o

‘Description ., .
Operation . . .
Holding Pond. .
Transportation .
Traveling Screens

Mortality Studies . . .

Salt Treatment .
Number of Fish,
Temperatures ..
Fisb Length . .

E’

NoBw L WN N e e




Line of Louvers . . . .

[]
[}
.
.
[
.
.
[ ]
[ ]
[ ]
[ ]
[
[ ]
[ ]
*
[]
[ ]
.

Principle of Louvers
Measurements ., .
Hegd Loss . . . .
Velocity . . . . «

@

Efficiency . .

¢ 0 0 0 0 8 8 & 0 0
e o 5 8 8 0 8 s 8 6 8 &
e e 6 e 0 e 8 s e 8. 80

Mathematical Appronch
Laboratory Approachk .
Design Criteria . . .

s s 88 8- 06 6. 8 9 & @ 6 0
e 8 8.6 ¢ 8 €. 6 0 & ¢ 5 ¢ 9 2
v 9 e. 0 v .8 6. 6 ¢ 8 -0 ¢ 9. 8 0
¢ 6 6 A e s e 8 o 8 8 & 8 e 0
¢ 0 8 & s e 2 e s s e .
Tpet
2 8 6 8 4 e 0 & 0 8 0 0 0 80
e o 4 @ 8. 2T e 6 2.0 b 8 9 0 @
ee s e s @ wTe B 0 0 6 ¢ 4@
6 6 8 08 0.0 0 3 00 0 0 .
2 8.6 6 8 8 0.6 8 A0 086 9 0
0.0 0 0. ¢ 6 06 0 0 0 0.8 0:0
S0 € 8 s s 2 0 8 b e o 0 oe
o % o & 6 0 06 8. b 80 A e e

O'O..Q.."C..

-
.
e
.
-
[ )
e
L)
[
.
-
. .
.
.
'3

v

Cee b e s s s F e e s s e e

PART II

HYDRAULIC MODEL S‘I'UDIES QF 'I'HB PILOT CA\NAL AND

Introduction..........‘s‘...“.....‘.‘
The MOGEIS - = « v v o e e m se o e
Investigation of the Pilot Canal and Pilot Canal Structure

PﬁotleTests...........'.....

Test No. 1. . . <
Test No. 2. « «
Test No. 8. . . «
Test No. 4-~Recommended channel .,

[ ]
[}
[ ]
L]
[
L]
L
¢
14

Pilot Fish Screen Structure Tests

TestNo. 1. 6 e o ¢ a o
thno. 2. L -» - e @ L
Tests No. 3, 4, 5, and 6,
Test No, 3. .
Test No., 4. .

o 0.0 0 0 ¢ o @
s 6 6 0 0 ¢ 8 8
e 6 0 0 0 2 0 9
¢ 0 0 0 0 0 o »
A R R
e s 0.0 8 0 6. 0
a0 0 0 0 ¢ 0.0
o 6 8 0 0 0 20
¢ o 06 0 0 0 0
e 0 ) Gv e 0 @

-
-
L
*®
L d




CONTENTS--Continued

Investigation of the Louver Installation

FIOW Stmighteners o ® o @ & o .®
Flow distribution . . . i .
Velocity increase. . . . oo .
Headloss . . « o « o e e e e e w

Investigation of Angle Between Line of Flow and Line of
Louvers and Between Line of Flow and Louver Slut |

Bibliography.........v....‘.‘.y....y.

LIST OF FIGURES

;

Lmaﬁonmw‘..._.........‘....
General Plan . . . ¢ « ¢« o o » o s o o o o o
Old Test Flume--Delta-Mendota Canal Headworks . -
Field Test Flume - L} L . L] . . L] * L ] L] ‘ X s L4 . »
Jetting Fish From Traveling Screen- -Delita-Mendota
Canal Headworks . . . ¢ ¢ o ¢ o o o o o o = o =
Jetting Fish From Traveling Screen--Delta-Mendota
Canal HeadwWOorks . . « o o o o o o ¢ o o s o o o .
Demossing Wheel--Delta-Mendota Canal Headworks ..
‘Special Valve to Discharge Fish From Holding Pond--
Delta-Mendota Canal Headworks .
MortalityRate . . . . . . . .+ .
‘Number of Fish:Hauled in 1954, .
Waier Temperature--1954. . . .
FiSh Lem -—1954 s o o o o ® .‘
Reaction of Fish to Line of Louvers
Bay No. 1--Louver Test Layout--185
Hydraulic Loss Through Louvers ., .
- Initial Louver Setup. . . + « =
Efficiency Related to Date .
Velacity Related to Date ., .
Dé¢gith Related to Efficiency
Tests in Old Flume--1953 .
Tests in Old Flume--1954 | -
Velocity Related to Efficiency ... . . .
Initial Louver Setup (Number of Fish in Sample).
Second Louver Setup . . « « « o ¢ ¢ o o o o
Depth Related to Efficiency--Second Louver Setup

®
BN ]

*
»

*
Woo 1 th BN

e ¢ * &

L] L[] , L] L ] [ 1] *. L ] » & * .

L ] L] . L ] L] ® ; [ ] ..9 L ] L] * [ ] \d

[ ] L[] L[] [ ] L] L ] [ [ £ ] ] ] . [ ] . ]

L ] [ ] » L ] L] [ ) L * * ... [ ] L[] ] L]

I S R T R T S

o 4 6 8 8 s 8. 0 8 % & 08 e e 0

[] [ ] 1 ] L[] ] * [ L] L L[] L ] L 2 1 L [ ] L[] L[] [ ]
P e 6 6 8 B S 8.8 8.6 s 8. ¢ s & o 0
e 6 0.8 B e B s 8 E 8 s e e e e 8 »
s 8 8§ 8 8 6 & 8 6 ® 4.8 s 0 400
e 0 8 6 6 8 8 6 8 s 8 e 8 2 4 2 8 @
e e 8 S8 8 & & ® &4 0 e 8 00 P
e 2 0 0 s e a8 B s 6 ¥ 6e suw.e ,




CONTENTS--Continued

Third Louver SETUP . . o « o o v s o o o 2o ®

Third Louver Setup--Depth Reiated to Efficiency.

Louver Efficiency for Catfish . . . . « « . « .

Louver Efficiency for Shad . . . . « ¢ ¢ « «

Striped Bass--Speed Endurance Test . . . . . .

Circular Device to Simulate Line of Louvers--
Delta-Mendota Canal Headworks

1:15 Scale Model . . . . . =

Model Layout. . . . « . «

Channel Realignment . . . .

Erosion-in Existing Channel .

Channel Alignment Revisions

Flow in Modified Channel . . .

Channel Alignment Revisions No. 2 and 3

Erosion at Prototype Structure. . . . .

Sand Bed Erosion for Existing Design., .

Sand Bed Erosion for Tests No. 2 and 3.

End Sills for Fish Screen Structure Apron

Sand Bed Erosion for ‘ests No. 4and 5. .

Overall Erosion in 1:15 Scale Model . . .

Results of Modifying Screen Raising Procedures .

Flow Patterns in 1:4 Scale Model and in Air Model

Flow Straighteners . . « ¢ o ¢ ¢ o o o « » = =

Flow Straighteners . . . « ¢ o « o« ¢« ¢ o o o =

Flow Pattern with Flow Straighteners. . . . . .

Flow Pattern in 1:4 Scale Model and in Air Model

s & 9 6. -0 0 -0 B

[
»
-
.
-
e

.
-
-
-
-
-
-
-

e b & S8 0 & 8 3% e 0 0 e
acooooooo“-no‘o‘o

i e o e K6 a e 8.8 e el B0 s e 00

9 0 6 B 8

with Flow Straighteners . . . « « « « o« o o o o =

Relation of Flow Straightener Spacing and Velocity
INCrease . . . + « « « = o o s ® e e e e w
Head Loss Studies . . . <« « - . =« c s e e e
Head Loss Studies .« o e . e e e e
Head Loss Related to a Head Loss Depth Ratic. .

P T Y TEE TR TA T T S TR R PR BN T L A
e e B . ee e s 8 6 4 v e s e 0 s




'UNITED STATES
'DEPARTMENT OF THE INTERIOR
‘ BURBAU OF RECLAMATICON

Commissioneris Office Laboratory Report No. Hyd-401
Division of Engineering Eydraulic Laboratory
Laboratories Written by: Dale M. Lancaster
Denver, Colorado ; - {field studies)
March 21, 1955 T. J. Rhone
Submitted by: H. M. Martin (laboratory studies)
' : : Checked by: W. B. McBirney
Reviewed by: C. W. Thomas

SubJect- Field and laboratory tests to develop the design of a fish
screen structure--Delta-Mendata Canal headworks--
Central Vauey iject California .

PURP(BE

The pnrpose of this repor: is to describe field and laboratory
investigations leading to the design of a structure to conserve the fish
at the headworks for the Delta-Mendota Canal of the Central Valley
Project in California. The first part of the report pertains to the field
investigations, while the detmled results of .the laborsatory studies are
centained in Part 1T,

SUMMARY
Field Tests.

The probiem consists of preventing the entrance of fish into
the Tracy Pumping Plant near the headworks of the Delta-Mendota
Canal, The solution consists of trapping the fish in holding ponds un-
til a sufficient number are accumulated for economical transportation
to a point sufficiently far downstream to’ permit the fish to continue _
migration to the ocean. S

Information to design a suitable structure was nonexistent,
hence, a pilot structure was provided near the headworks to enable
the performance of field studies leading to the design of e permanent
fish screen structure, This pilot structure also permitted the con-
servation of a large number of fish during the testing period.

Although several schemes were tested, this report is limited
to the activities during the 1954 season. -I* is presumed that the Fish
and Wildlife Service, who assisted:in the studies, will prepare a re-
port describing the comprehensive testing program,

One of the schemes tested employed traveliiig screens equipped
with cups to elevate the fish to a small horseshoe-shaped trough leading




to holding ponds from which the fish were transported by truck to a
point approximately 40 miles nearer the ocean. -

The scheme adopted for the permanent structure employs a
line of louvers rather than traveling screens., Briefly, the line of
iouvers consists of a row of vertical stsal plates extending diagonelly
awross the channel with bypasses to conduct the {ish to holding ponds.

One of the major problems is to remove peat moss from the
water in the holding ponds. The screening process has been solved
for an installation involving traveling screens, but the problem is
greatly aggravated by a louver system involving a considerably greater
quantity of water,

Laboratory studies are currently being made to assist in the
design of the final louver structure. The studies involve a composite
model to develop proper flow conditions in the approach channel to
the line of louvers and a second hydraulic n;odel to develop bypasses
with the required flow pattern. The resuits of these studies will be re-
ported unon cormpletion,

IL.aboratory Studies

The laboratory studies wére performed to correct (1) the ex-
cessive erosion of the channel banks upstream and downstream from
the fish screen structure, (2) the severe erosion of the channel bed
dowz,:ﬁtream from the fish screen structure, and (3) to investigate and
improve the flow conditions at the louver installation in one bay of the
fish screen structure.

CONCLUSIONS
Field Studies

‘Mortality tests performed in connection with the trapping of
fish (striped bass) with traveling screens are somewhat misleading
inasmuch as the natural mortality is unknown, Other factors also
existed to reflect doubt on the accuracy of the percentage of mortality.

Possibly the mortality of the fish trapped by traveling screens
would be greater than in the case of louvers, but information has not
been acquired to evaluate any difference since mortality tests were not
performed in connection with louvers comparable to those for thetrav-
--eling screens,

Many of the questions pertaining to the effectiveness of trav-
eling screens were not pursued in view of the decision to employ a
line of louvers.

The initial cost of the permanent structure employin&;loigvers
has been estimated to be practically the same as that for an instaliation
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of traveling screens, but the operating cost of the former will be
greater due to the necessity of pumping the return flow from the by-
passes, The maintenance cost for traveling screens would probably
be higher than for the louver installation. ‘ ‘

, The efficiency of the louver installation, based on tests in &
bay of the pilot structure and in a nearby flume, will be from approx-
imately 75 to 95 percent depending on the size of fish, time of day,
and velocity of flow, which varies in accordance with the tide, and the
operation of the Tracy Pumping Plant, The efficiency of the travel-
ing screens would be near 100 percent except for a relatively short
time when some of the striped bass (less than 25 mm in length) would
pass through the screens,

The disadvantages of they proposed louver installation l,wduld
largely disappear at a location where the flow through the bypasses
together with the fish could be diverted back to the river by gravity
flow, , '

Laboratog Studies

As a result of the model investigations, it was found that the
excessive erosion of the channel banks was caused by the alinement
of the pilot canal, The severe floor erosion downstream from the fish
screen structures was found to have been caused by the sluicing ac-
tion of the high velocity flow under a partiaily raised fish screen with
the action accentuated by the method of raising the screens during the
cleaning operation. '

The model investigation of the louver installation showed
that the poor filow conditions through the louvers were the result of
the inability of the flow to pass through the louvers without an exces-
sive head loss. The head loss was greatly reduced by placing flow
straighteners on the downstream side of the louver installation. With
the rediction in head loss other unsatisfactory flow conditions were
also el.uminated. ' |

Further tests were made on the model oi the louver installa-
tion to determine the relation between head loss and the:angle of the
line of louvers with the direction of flow and of the angle:of the louver
slat with direction of flow. These tests indicated that the angle Seciweer.
the line of louvers and line of flow should not be greater than 30°, and
the angle between the louver slat and line of fiow should be less than
800, '

RECOMMENDATIONS

Field Studies

The following design criteria were established by the Fish
Advisory Council, composed of representatives of the Bureax of
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Reclamation, the Fish and Wildlife Servxce. and xhe Caiifomin De-~
partment of Fish and Game:

L. Angle of line of louvers with ‘direction of flow to be 11
to 15Y. ‘ ‘

2. Louver slat spacing to be 1 inch, clear,
3. Louver slats to be 30° to the direction of flow.

4. Distance of 75 feet, maximum, between bypasses meas- -
ured along the line of louvers.

5. Bypass width of € inches,
6. Maximum velocity of approach (average) to be 5.3 ft/sec

7. A minimum distance of 25 feet between trashrack and
start of line of louvers,

8. Smooth now pattern between trashrack and start of 1ine
of louvers. ‘ ,

9, A 2-inch, clear, Spacingvjbe;‘weeu trashrack bars.

10. No provision for medication with salt of the fish in the
holding pouds.

11. Although recognized that preditors might stay in the by-
pass channels or ahead of the trashrack to, preyrupon the small
fish no preventive action to be taken. "

Additional recommendations worthy of consideration during
design are:

1. Protective co:fiing“torallrmetal in contact with the water.

2. Provision to remove sections of the line of louvers for
cleaning and maintenance,

3. Facilities for raking and disposal of debrxs from the
trashracks. ‘

Laboratory Studies

From the laboratory studies the following corrective meas-
ures were recommended:

1. The channel both upstream and downstream from the fish
screern structure should be widened and straighkened.

2. A layer of riprap shouié be placed on the channel floor on
the downstream side of the structure,
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3. An end sill should be é!aced on the concrete apron under
the fish screens.

4. The method of raising and lowering the fish screens for
cleaning should be modified. s ‘

5. Flow straightening vanes should be placed on the down-
stream side of the louvered fish screens. : o
6. The angle between the line of louvers and line of flow
should not be greater than 30°, and the angle of louver slat with

line of flow should be less than 30°, ~
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PART I

FIELD TESTS TO DEVELOP THE DESIGN OF A
FISH SCREEN STRUCTURE
DELTA-MENDOTA CANAL HEADWORKS
CENTRAL VALLEY PROJECT, CALIFORNIA

INTRODUCTION

To permit a grasp of the magnitude ancd complexity of the prob-
lem being discussed, a brief description is warranted. Basically, the
problem consists of conserving fish by providing a structure suitablefor .
preventing their entrance into the Tracy Pumping Plant near the head-
works of the Delta-Mendota Canal in the Central Valley Project of Cali-
fornia, Figure 1. Only small {ish are involved as the large ones are
capable of averting the pumping plant. Furthermore, although 20 species
of fish are encountered at the site, the only ones of importance to both
commercial and sportsman's interests are striped bass, salmon, catfish,
and shad. The annual commercial catch for the area has been estimated
at 5,600, 000 pounds of salmon and 1, 460, 000 pounds of shad, while the
annual sports catch has been estimated 2t 60, 000 pounds of salmyn and
6, 000, 000 pounds of striped bass. The catfish are of interest to sports-
man only and no estimat= of the annual catch has been made. In addition,
large commercial interests are involved through the sale of fishing and
boziing equipment. ‘ -

The total- number of fish which may be affscted by operations
of the Tracy Pumping Piant has been estimated at 4, 000, 000 per year.
Ten to {ifteen percent of the striped bass in the upper delta may be af-
fected by the Tra.y Pumping Plant, but no estimate has been made of
the percentage of other species affected.

Approximately 8 years ago when th. problem was recognized,
the Bureau of Reclamation requested assistance from the U. S. Fish
and Wildlife Service. Howestr, insufficient information was availabie
to design a suitable {ish screen device. Accordingly, at the headworks,
a pilot channel was excavated of sufficient capacity to permit operation
of the Tracy Pumping Plant at two-thirds capacity and.a temporary struc-
ture, known as the pilot fish screen structure, was constructed in 1951
to accomplish two objectives: (1) to enable the conduct of studies lead-
ing to the design of the ultimate fish screening device anc (2) to conserve
as many fish as possible during the interim period between the design
and construction. A larger pilot canal was not necessary as the ultimate
fish screen structure is to be constructed before full capacity of the pump-
ing plant will be needed. Figure 2 shows the locztion of the pilot canai
and the temporary structure, while the ultimate structure is to be located -
to the left in the area labeled for borrow material. '

The -esearch program inaugurated to develop a satisfactory
screening device was indeed comprehensive. No attempt will be made in
this report to describe the details of the entire program. Only that por-
tion having a direct relationship to the final structure will be described.




It is nresumed that the Fish apn:l Wildlife Service will issue a detailed
report of the entire study for future reference. The papers which have
been written together with pertinent references are identified in the
Bibliography. Suffice it to say here that the investigation has involvad
fish trapping systems krnown as ports and risers, s!opmg screens, trav-
eling screens, electric screens, sound barriers, air bubbles, light
screens, and line of 1ouvers. The {inal solution utilizes l.be line of lou-
VEers, - i

The comprehkensive program has involved a survey to ascertain
the number of fish in the delta area, the number possibly affected by
Tracy Pumping Plant, mortality studies, effect of temperature and sa-
linity, and modes of transporting fish. ‘The entire study was in coop-
eration with members of the Fish and Wildlife Service.

The studies have been conducted in the pilot canal, and were
augmented by observations in a nearby test flume constructed in the
early part of 1952, Figure 3. The new test flume, Figure 4, was not.
completed until near the end of the current season, and only a very few
tests were performed during the presence of the writer. : -

THE PILOT FISH SCREEN STRUCTURE

Description

The pilot structure consists of 12 bays, each 10 feet in width.
Bay No. 1 has been resgrved for the testing of special devices, such
as sloping screens, lr%"’lers. etc. When testing is not in progress thxs
bay is closed by means of 2 wooden bulkhead. Six of the bays (Nos. 2,
3, 4, 5, 6, and 7) are equipped with traveling screens normally used
to remove debris but modified to trap {ish, Bays No. 8 to 12, inclusive,
are equipped with stationary screens to provide a passage for water but
not fish. The stationary screens are periodically washed by:high pres-
. sure jets as each screen is raised and lowered. A second screen, known
as a wash screen, is temporarily placed in front of a screen before wash-
ing, hence, at no time does an opening exist to permit the passage of
fish. It has been necessary, however, in a few instances to remove all
or a number of the stationary screens for short periods of time to min-
‘imize the differential head across the structure,

One occasion for decreasing the head on the structure was due
to erosion at the down.:tream side caused by failure of the stationary
screens to completely lower into position after washing, and although
not realized at the time, the partially raised screens caused a jet of wa-
ter to deflect downward at the toe of the structure resulting in severe
erosion. The cause of the failure and remedial measures were devel-
oped in a hydraulic model described in full in Part I,

Operation

In operation of the pilot structure small fzsh unable to swim
against the approach velocity or in their natural :mgratxon ‘toward the
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ocean, come in contact with the traveling screens and are raised by
means of the horizontal members forming the frames of the screen
sections. A modification permits washing the fish {rom thesc mem-
bers with jets of water which operate-at“a time when the horizontal
members are immediately above &“continuous horseshoe-shaped
trough leading to holding ponds. On some of the screens, the mem-
‘bers have been equipped with cups to facilitate raising the fish in wa-
ter. In a further attempt to minimize any injury which might occur to
the fist, one of the screens was equipped with rubber troughs which
were folded outward at the proper time by water jets, thus dumping
the fish into the trough. Figure 5 shows the hydraulic action of .a
screen equipped with jets diticharging against the front of the screen
while Figure § shows similar action by jets from the back side of the
screen. This latter one, however, is not equipped with the cups. Ob-
viously, the front jets are less desirable as the water tends to impinge
the fish against the screen. ‘ ‘

Holding Pond

Once the fish are in the trgugh, they are carried by gravity
flow to a 12-inch diameter rotating drum screen, Figure 7. The water
flows through this rotating screen into a holding pond, with an overflow
returning to the pilot channel while the fish are flipped by the drum
into the holding pond. By experiment it was determined that the screen
must rotate 102 rpm to flip small striped bass into the holding pond.
With larger fish the speed may be reduced io a micimum of 25 rpm.

In the event it is desirable to increaase the saiinity of the water in the
pond for medication of the fish, an arrangemeat exists whereby allthe
flow passing through the rotating screen may bo diverted back to the
channei without passing through the holding pond. The purpose of the
rotating screen is to remove peat moss which, if allowed to collect.in '
the pond, will become sufficiently concentrated to suffocate the fish.
The peat moss is washed from the outside of the rotating screen. by wa-
ter jets and returned to the channel by gravity flow. Other debris, such
as small sticks, are flipped by the rotating screen into the holding pond
and removed by a trash conveyor beit.

'I‘ransm;tation

The water in the holding pond is maintained in constant motion
by a small circulating pump. After a sufficient number of fish have:
been collected in the pond they are transported by truck to a point suf-
ficiently far downstream to permit the fish to continue migration toward
the aocean and not be drawn back into the screen structurz., The truck
is equipped with a pump te circulate and aerate the water, and ice is
adder! tc maintain the proper temperzture. Earlier experiments utilized
a specially constiructed barge:to transport the fish but high operation
cost forced abandonment of this method in favor of tank trucks,

The {ish are transierred from the p:md to the truck by gravity
through a specially designed valve to prevent damage to the fish. This




valve, Figure 8, located in the center of the holding pond consists of

a vertical stand pipe to maintain the proper depth‘of water in the pond
while fish are being collected from the traveling screens. The over-
flow into the stand pipe passes through the outer portion of the opening
leading to the channel while the{ish are retained by four vertical screens.
Immediately prior to discharging the fish intc the truck, the vertical
stand pipe is decrsased in height by removing sections to obtain a vol-
ume of water equal to the capacity of the tank truck. The opening tc
the waste pipe is closed by meaas of the circular plate, standing behind
the valve in the figure, the screens are removed, and the center plug
is lifted by means of the vertiral pipe handle allowing a clear passage
for the fish and water into the tank truck below the holding pond.

Two identical holding ponds are provided so that one may be
in service while the other is being emptied. Each pond consists ofa-
circular steel tank 18 inches deep at the periphery, 20 feet in diameter,
with the bottom sloping toward the discharge vuive in the-center to fa-
cilitate the removal of fish, '

Traveling Screens

- At one time it was thought that traveling screens would:be uti-
lized in the ultimate structure. The scheme was to provide 12 such
screens, resulting in © maximum approach velocity of approximately
2 feet per second, or 24 screens with an approach velocity of 1 footper
second. One thought was that the low velocity of approach should be
maintained to prevent severe impingement of fish against the traveling
screens. Another thought was that the low approach velocity resulted
in fish avoiding the screens as long as physically possible; hence, the
fish were in a weakened condition due to exhaustion upon arrival in the
kolding pond. Sufficient tests were not conducted to permit a decision
as to the proper approach velocity, which would, in:turn, determine
the number of traveling screens, ‘

Objections to traveling screens were: (1) high maintenance
costs and (2} a considerable number of the very small fish (less than
25 mm inAength) passed through the screens. Use of a smaller mesh
screen to prevent passage of these small fish was not considered prac-
ticable. The maintenance cost could unquestionably be reduced by
proper operational procedures and simplification of design combined
with the use of materials more suitable than the standard catalog mod-
els. The number of fish under 25 mm in length was relatively insignif-
icant, in fact, the consensus was that these could be ignored. Several
unanswered questions pertaining to the use of traveling screens were
not pursued in view of the decision to employ a system of louvers.

MORTALITY STUDIES
Mortality studies were performed for striped bass by observ-

ing the number of live and dead fish in a holding pond immediately prior
to discharging the live ones into the truck for transporting to a distant
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point in the river. The holding pond mortality, Figure 9, included |
that from natural causes together with any adverse effects of the trav-
eling screens, collecting trough, demossing wheel, or any other fac,;"‘ L
tor introduced by the collecting system. Also included are any fish
which were dead upor arrival at the pilot structure and picked up by

the traveling screens. Hence, it is not possiblc to state the portion of
the loss of fish due to the method of trappmg. But certainly the trav-
eling screens cannot be charged with entire mortality. Mr. Heckman _1_/
stated that not more:thin 12 percent ‘of the mortality could be attrib-
uted to the traveling:screens. Even this 12 percent did not reflect such
impor:ant items as natural mortahty, ‘darmnage which may have occurred
due to prevmus contact with the stationary screens, effect of improving
the operauon of traveling screens through changing the speed of travel,
or improving the method of jetting the fish from the screens.

It is reasonable to assume that utilization of the louver prin-
ciple whereby the fish do not come in contact with traveling screens
may result in lower mortality, but it.is not known if any advantage in
mortality is realistic as facilities did not exist to perform similar stud-
ies in connection with the louver installation during a comparable pe-
riod when the striped bass were very small.

Sailt Treatment

In an effort to decrease the mortality, salt was introduced intc.
the holding pond for medication of the fish. Figure 9 reveals this treat-
ment to be very effective, particularly during the early part of the sea-
son when the {ish were quite small. At the close of the season in Au-
gust, the salt treatment was still noticeably effective though materially
less than earlier due to the increased size of the fish,

Althcugh not shown graphically, the mortality was unatfectéd
by the length of time the fish were kept in a holding pond up t0:24 hours.

When the fish were returned to the river they were placed in a
tank fitted with a screen and held for 24 hours after which a mortality
count was obtained. The mortality during the 24 hours in the river may
be ohtained from Figure 9 by takmg ‘the difference betweer the total mor-
tality and that for the: holdml, pond. The river mortalxty includes any
loss due to transportation, phy;tcal damage to the f{ish in loading and
unloading, together with any natura! morcality. The loss during transit
could conceivably be high due to the chunks of ice used to maintain the
proper temperature of the water. These chunks were {ree to move
around in the tank and could possibly crush the fish,

Number of Fish

A concept of the number of fish involved in this series of tests
mayx be had from Figure 10 which reveals the total number of live fish
transported {from the holding ponds to the river some distance down-
stream from the structure, The largest daily count occuredon July 5
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when 36, 300 striped bass, 480 shad, 360 catfish, and 200 salmon were
hauled. It is desirable to mention that a summmation from this plot- will
not give the total number of fish expected from lhe ultimate fish screen
structure as the Tracy Pumping Piant was only: operating at two-thirds
capacity. The notations oa July 8, 10, and 11, relative to removal of
screens. and trashracks, pertain tc one of the instances when it was nec-

ssary to decrease the differential head on the structure for safety rea-
scns. Hence, during the period from July 9 to August 13, when the sta-
tionary screens wére removed, a considerable number of fish were al-
l>wed to pass through to the Tracy Pumping Plant.

The results of any mortality tests which. may have been per-
formed on .pecies other than striped bass are not known except in the
case of shad where ihe mortality has been nearly 100 percent. A bi-
ologist of the California Department of Fish and Game stated that this
particular specxes apparently could not breathe except when the veloc-
ity of flow is relatively high; hience, a 100 percent loss:is to be expected
in a holding pend. This fact tends to minimize the importance of at-
tempting to save shad,

Temperatures

: Figure 11 shows water temperatures in the river at the giiot
I structure, point of release of the fish, in the holding pond, and tank
truck. The temperatures increased to a maximum in the latter part of
July. However, the variations in temperature apparently were insuf-
ficient to affect mortality as no relationship seems to exist between
mortality and water temperature.

Fish Length

The length of thz striped bass empioyed in the mortality tests
is shown in Figure 12. It will be noticed that two seis of measurements
were taken, those in conncction with the holding pond mortality studies
and those pertaining to the tests in Bay No. 1, to be described later, It
was desirable to show the two sets of measurements as they were made
‘by different individuals. However, for sll practical purposes, the re-
sults were the same. The average length af striped bass varied from
23.2 mm on June 19 to 53 mm on August 27. One of the disadvantages
listed for the traveling screens indicated that a portion of the fish smaller
than 25 mm in length passed through the screens, but Figure 12 shows
that the average fish length was greater than 25 mm after July 1 or 22
‘days after the start of the striped bass migration; hence, this disadvan
tage is relatively unimoortant.

LINE OF LOUVERS

_The system of screening {ish by means of louvers involves a
series of closely spaced vertical steel plates forming a diagonal line
across the stream, with bypasses at regular intervals to allow the fish
to pass into small channels and eventually into holding ponds. For the
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installation bexng considered, the overflow from the holding ponds must
then be pumped back to the river. Caonceivably, with suitable topog-
raphy, the return flow could also be by gravity thus tremendously de-
creasing initial and maintenance costs. In the present case, the initial
cost for an installation with louvers has been estimated to be approxi-
mately the same as for a structure employing traveling screeas, but
the operating cost for the former will be greater than the other design
due to operation of the pumps requxred to return the flow from the by-
passes to the river channel. It is true that pumps are required in the
case of traveling screens to remove debris and to flush fish into the
channe! leading to the holding ponds, but.this quantity of water is in-
sxgmfmam compared to that which musi be pumped in a louver installa-
tion,

Priné'iﬁle of Louvers

To understand the principle of a line of louvers to divert fish
into a bypass, one must realize the natural swimming habits of migra-
tory fish. The fisl»always swim into the current but:move downstream
at a velocity represanting the difference between the swimming speed
and the velocity of flow. Upon approachmg a line of louvers, the fish
{eel the disturbance (one opinion is that the disturbance is heard by the
fish) and do one of three things (1) increase the swimming speed to

move away from the disturbance for later return, (2) move dxagonally
upstream and away {from the line of louvers in a step pattern, or (3)
orient at an angle approaching the normai to the line of louvers, illus-
trated on Figure 13, for eventual entrance into the bypass. Probably
the greatest number of fish {ollow the third pattern.

If all fish reacted in the»manner described above, the efficiency
of the louvers would be 100 percent. As will be shown later, the ef-
ficiency is decreased because some of the fish pass through the louvers
due to chance, exhaustion, schooling effect, or perhaps. mquxsxuveness.

The tests performed during the 1954 season were performed
in Bay No. 1, Figure 14. The louvers did not extend the full depth of
the channel, but the ultimate structure will be equipped with louvers ex-
tending the entire depth of approximately 22 feet.

Measurements

Three different louver Spacings ‘were tested, identified as the
initial, second, and third setups. The field observations included:

a. Head loss measurements.
b. Velocity determinations.

c. Effectiveness to screen {ish, referred to
as efficiency.




Head Loss

The head loss measurements were obtained by observing the
depth of flow 4 feet upstream from the start of the line of louvers and
4 fee: downstream from the end of the line of louvers. These partic-
~ular points were chosen to correspond to measurements made previ-
ously in the Hydraulic Laboratory in Denver. The model study was
performed to improve the flow pattern threugh a line of louvers and
to minimize the head loss. As a result of the study, straightening
vanes were provided on the downstream side of the louvers. Without
these vanes, the flow concentrated along the right side of the louver
slats deflecting the flow at right angles for a considerable gistance be-
fore it turned to the original flow direction. In order to turn the flow
from each louver space, the water surface in the adjacent upstream
space must be slightly higher. This backwater buildup progréssed up-
stream from space to space along the line of louvers until, at the up-
stream end, it allowed very little flow through the louvers and created
an uneven flow pattern with high loss in head. Theoretically, astraight-
ening vane for each louver would be most desirable but, practically,
the tests showed that satisfactory conditions prevailed with straighten-
ing vanes eight louver spaces apart. The effectiveness of the flow
straighteners was also evilzated by determining the velocity increase
along the upstream side of the louvers. The flow straighteners re-
sulted in 40 percent decrezase in head loss. There was some concern
relative to the restricted area for the louver space imediately down-
stream from the louver slat fastened to the straightening vane. Al-
though the restricted area did not affect the flow pattern, it might be-
come clogged with debris. Accordingly, a test was conducted on the
model by installing the flow straighteners farther downstream allowing
2 inches between the louver slat and the upstream end of the vane,
This change did nct affect the flow distribution. To facilitate construc-
tion the approprizate louver slat could be extended to intersect the vane
without interfering with the flow pattern. The straightening vanes should
be at least 9-1/2 inches long, measured parallel to the line of flow. The
laboratory studies, comprising both an hydraulic and an air mode], were
based on a louver spacing of 1 inch.

Figure 15 shows the results from both the field study and the
hydraulic laboratory model. Results are also shown for the second and
third setups in the pilot structure. For the ultimate structure, which
will correspond to the initial setup, the head loss across the line of
louvers will be 0, 4 foot at the maximum velocity of 4 feet per second.
Actually, due to the addition of structural members, this head loss may
be somewhat greater. The accumulation of any trash will also increase
the head loss, and for this reason provisicn shouid be made in the ulti-
mate structure to remove the louvers by sections for cleaning. Trash
is not expected to become a major problem of the louvers since only
debris which can pass through the 2-inch spaces between the trashrack
bars at the upper end of the structure will be present.




Velocity ‘ ‘ o i

Velocity determinations in connection with the head loss studies
were performed in the section at the upper end of the line of louvers, as
shown on Figure 14. The measurements were made with a Price Type-
A current meter utilizing the 0.6 depth- method.  This method was nec-
essary to minimize the time requu'ed to make the measurements, thereby
avoiding apyrecxable change in stage due to tide,

The velocity measurements performed in connection with tests
to determine the ability of the louvers to screen fish were taken with
the same current meter at five points along a line midwgy between the
line of louvers and the right wall of the bay, as indicated’ ‘by A, B, C,
D, and E on Figure 14. These points were chosen to coincide withsim-
ilar measurements taken in the test flume at Tracy. The velocity of.
approach, as related to the fish studies, was considered to be the aver-
age of these five readings at 0.6 depth. Velocity readings were taken i~
at a time which would reflect average water stage during a parncularf
test, or in some instances, they were obtained at the beginning and
end of the test, with the final result bemg an average of the two sets of
readings.

‘Efficiency

The effectiveness of a line of louvers to screen {ish was eval-
uated by placing a net at the downstrezm end of the bypass to trap fish
passing through-this section. Another net spanned the downstream end
of the bay between the bypass and the left wall of the bay. At the com-
pletion of a test, usually lasting for 1 hour, the nets were raised and
the fish counted. Netting and subsequent counting of the fish resulted
in their destruction, therefore, mortality due to other causes could not
be quantitatively determined. The efficiency was then computed by di-
viding the total number of fish in both nets into the number in the bypass
net. For example, if 80 fish were obtained from the bypass net and 20
from the other net, representing those which passed through the line of

louvers, then the efficiency would be ———— x 100 = 60 percent.

80 + 20
Figure 16 shows a graph of louver efficiency versus velocity
of flow for the initial louver setup in Bay No. 1. The scatter of the
points is apparent, but a definite pattern does exist in that the efficiency
decreases with increasing velocity, particularly above 3 feet per sec-
ond. It will be noticed that no efficiency greater than 90 psrcent was
obtained with a velocity above 2, B feet per second. There was consid-
erable {eeling that the behavior of the fish varied by night and day;
hence, the plot makes this distinction and, unmistakably, the aveiage
daytime efficiency is lower than that at night. One may argue that the
day hours should be something different than between 8 a. m. and 4 p.m.,
as shown on the plot, but the fact cannot be altered that the efficiency
is lower during that daylight period. Actually, these hours were chosen
with the thought that detritus in the water resulted in simulated night
conditions except during the period of greatest light intensity.
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Some feeling existed that the fish were excited after naoassing
through the trashrack and, hence, more susceptible to passing through
the louvers. Accordingly, tests were run with and without the trash-
raci but, &s may be seen on Fxgure 16, efficiency versus velocity fol-
lows the same pattern; hence, it is concluded that presence of the trash-
rack has little, if any, effect on efficiency of the louvers

During tests of the initial louver setup, the average fish length
increased from 22 to 30 mm. To ascertain whether the increased size
of the fish was reflected in the eﬂ‘xc:ency, a plot was made sbowmgdate
versus efficiency, Figure 17, It is indicated that the efficiency is
greater near the end of the test period for the initial louver setup, but
Figure 1B reveals that the velocity of flow was low during the same pe-
riod and, therefore, the relationship of efficiency versus approach ve-
locity of flow was not affected by the date or fish size.

Because the depth of flow varied vn.h the tide, efficiency could
conceivably vary with depth but Figure 19 shows no relanonshxp between
depth and efficiency. In this regard, it is desirable to poin: out that
maximum {low depth was 5 feet, while the ultimate structure will have
a maximum depth of approximately 22 feet. It is not known whether a
relationship exists between efﬂclency and depth when the latter is greater
than 5 feet. Tests made prior to the writer's introduction to the prob-
lem revealed that the upper 5 feet of water carried the greatest number
of fish; hence, a material change in efficiency is not anticipated due to
greater flow depth.

One other factor which could possibly affect the efficiency is
the water temperature. If the temperature became sufficiently high the
fish would be weakened with a resulting loss of efficiency for the line of
louvers. Figure 11 shows the temperature increase in the river at the
pilot structure to be from 71.6%° to 75. 7° F during tests of the initial
setup. Although not included in this report, a plot of temperature ver-
sus efficiency revealed the two variables to be independent of each other
over this temperature range.

As may be seen {rom Figure 14, the line of lourvers was divided
into four sections by externding three of the straightening vanes to the end
of the bay. The net which caught the fish which passed through the line
of louvers was similarly divided into four sections, enabhng a determina-
tion of the number of fish which passed through eact: of the four sections.
It was reascned that if the number of fish passing through any one section
was consistently higher than any other section, then a criterion would
have been established by which the desirable length of a lins of louvers
between bypasses could be set. However, the tests revealed no pattern,
that is, more fish might pass through the uppermost section _during one
test and another test might reflect a greater number of fish in the second
section, hence, it may be concluded that the 40-foot-long lire of louvers
was not sufficient to affect the efficiency.
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An opinion was expressed that 'mmturbniencem! f,low approach-
mg.:he ,l.me of louvers in Bay No. l;caused.«: decmaseqnaﬁmency
Some wurbulence did exist, but the velocitydistribution+at:the:gaging
station at.the start of the line of louvers disclosed:a: relatively uniform
approach:velocity. The ultimate structure will:hgve:less.turbulence -
than exigted,in Bay No. 1, butany hope.far. andntreased efficiency is.
doubtful-after consxdenng that the studiesiin theflume:at Fracy: resulted
in comparable efficiencies over practically the sameé:rangesas observed
in Bay No. 1. Figure 20 shows efficiencies from the flume tests in 1853 to
vary from 64 to 100 percent with.a fishriength somewhat:greater than
durmg the measurements in-Bay:No. 1. . Figure:2lishows similar re-
sults for the flume tests in 1954: :when: #fficiencies varied.from:72 to 100
percent with fish. approxxmate)y,m;dmasxlomzs’”m in.the tests in -
Bay No. 1.. In the 1954 flume,estsitheilduvers were:spaced ‘farther
apart than in-the initial setup in® BayaNnj::l‘z»buMhefm.remams that the
efficiency tests in the flume -an:in thepildt structure gave 'ccmparable
results and_since.there-were: smooth flow:caonditions: inithe flume, it is
therefore neasonable to expectdhat;the tnx:bdlcncm;:ﬁny;ﬂo 1 -was .in-
sufficient to affect the effxcienc:,. ‘
d1e e e e e e Mg; xv‘*f : 3,3‘; G e T4 RIS
RETERaNET { 55 L1 \wonkw of mentiomthat the-resuits shown;for: the flume. &+
testsyinkfS4 mere-performed:in ppfiltered iwater: pumped.direct from
the;pilat; canal,: whereas-ali: ather-testsindhe)flume were-performed -
with clean:waien ebtained witha {iltering progess. Tjre'need for using’
clear water to permit visual study of the reaction of fish to a line of
louvers is obvious, however, a possibility existed that the.benavior of-
the fish was influencad by the degree of turbidity. But since the effi-
ciency.in:195% mith'unfiltered:channel;water was-essentidlly the same
as_in, 863, with. niear water, itsmay-be concluded:that the fish behavior
is unaffecied msleamessmﬁwmen.m:numgxperformance,of tests us-
ing clear:watemcare was takennat.Lo frighten:the:fish. -All flume tests
descnbgﬁwa_e;-qipenioxzmedsdurmg.,regularmorluhg hours, ‘hence, any
day.or: mghhyﬂ}uencmhasfnw hnnMrminedjfur the nume. ;
-,‘.‘ DEASE DA e ATDILeul RUGIIEY 1D ales! ol :
Stat\squ}u\nggy,sx_ v bioadl guitest visvsens Suﬁ«f"‘i‘— SR
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{gmtfort to simplify: test: results irom t.h' ;mmd setup in
Bay No. 1, Figure 22 was prepared o show the relation of efficiency
to velocity by utilizing the moving average method. This Tigure shows
the same results as Figure 16 but in a simplified manner. A strict in-
terpretgtion-ai-she;simplifipd grapha: reveats.tha efficiency for night
tests-issomewhat; greater withsthe:trashrackrremossd-and. similarly
for the daw-tests. butthe daytimeefliciénoy isvlesa -than that -for the
night 18646 .otlowever, - the:difflexencesindicated-byspresence of the trash-
rack:is- noksufficient to conc,ludexthat efficiency:is affected after consid-
ering the:exceptionally wide: spread;of ‘the basic data due to dealing with
animated ob_;ecls.
: An.opmmn was voiced: mr. efﬁctencﬁshould%e wexghted by
some method in accordance with the number of fish in a particular test,
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If such were true, then a plot of efﬁcxency against number of fish in a
test would show a varying efficiency as the number of fish changed ‘
Obviously, any such study shouid not be undesitaken without considering
“other variables, such as velocity, time of day, and fish size. Accord-
ingly, the tests were grouped into units with velocities of flow from 1.5
to 2.0 feet per second, 2,0 to 2.5 feet per second, etc., and further-
more, the tests were grouped in accordance with the length of time and
whether day or night. Many plots were made but only one, Figure 23,
is included for illustration. The results reveal that efficiency is inde-
pendent of the number of fish in the test.

A further study was made to reflect the possxbihty of a correla-
tion by the analysis of variance. 2/ This analysis indicated the degree
of correlation between efficiency and velocity of flow to be approximately
0.5, while a true correlation would be 1, 0; in other words, there are fac-
tors other than stream flow which affect‘the variability of louver effi-
ciency, such as the element of chance., Other statistical analyses may
be applied but the number of fish in a particular test becomes insignifi-
cant. Probably the most unportanz conclusion is that any analysis which
ignores velocity of flow, fish size, or time of day is gressly in error.

Results of tests in Bay No. 1 of the pilot structure for the sec-
ond and third setups will not be described in detail since the final struc-
ture will correspond to the initial setup. However, pertinent information
for the second setup may be obtained from Figures 12, 14, 15, 17, 18,
24, and 25, and Figures 14, 15, 17, 18, 26, and 27 for the third setup.

Louver Spacing

The only difference between the setups was the difference in
louver spacing. It is not possible, however, to draw definite conclusions
pertaining to relative efficiencies for the three sets of tests since the
fish size increzsed materially over that existing at the time of tests for
the initial installation. It is possible to definitely state that efficiency
increased with fish size, but the actual effect of wider louver spacing
cannot be obtained without tests of various spacings with the same fish
size. Facilities for simultaneously testing the three setups, thereby
using fisn of tire same size, did not exist. The problem is not acute
since any advantage in wider louver slat spacing would be minor,

Bypass Channel

In the ultimate structure the invert of the bypasses will be ap-
ercximately 22 fee? below the water surface, Installation of the holding
ponds at this same elevation would be quite costly due to the required
excavation and inherent ground water problems.  Locating the holding
ponds at a higher elevation wouid require a gradual increase in invert
elevation of the conveyance connecting the bypasses to the ponds.

To determine the effect of the increase in elevation of the con-
necting channel, a few tests were performed in the louver installaticn
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in Bay No. 1 by inclining the bypass floor. The efﬁcxency of the lou-
vers was diminished by the inclined floor but this test iv not considered
conclusive as’the bypass channel was only 5 feet in length causmg the
increase in elevation of the floor to be very rapid. If the rise of the
bypass channel were started at a greater distance downstream and with
a more gradual slope, there is no reason to believe that such a scheme
would affect the efficiency of the louvers. A materxally cheaper instal-
lation of the holding pends would result. :

Catfish

All the prevmus discussion has pertained to striped: bagss only
but as previously stated, catfish, ‘shad, and salmon are also {fmportant.
Results of efficiency tests for catfish are shown on Figure 28 which.
shows 100 percent efficiency for the initial setup, while for the other
two sets of tests the efficiency varied from C to 100 percent. However,
the catfish were large during the initial test period and it was pracn-
cally impossible for them t¢ pass through:the louvers. Agam, it is not
possible to evaluate the effeci of various louver spacmgs since tests:
could nut be made with comparable fish size.

'Shad

The stmements ‘made relative to catfish apply cqually to shad
as shown graphically on: Fxgure 29,

Salmon

No tests were performed with salmon during the 1954 season
in Bay No. 1 since the louver installation was not completed until after
the salmon run had subsided. Tests performed the previous season.
with salmon as well as other species are rot comparable with the 1954
tests since the louver slats were not 902 to flow but rather were at such
an angle as to make it virtually impossible for fish to pass through t.he
line of louvers. Furthermore, a high head loss was created. _

The reaction of salmon to a louver instailation can, however,
be obtained from a series of tests conducted by the California Depart-
ment of Fish-and Game on their installation in the South Stanford Vina
Diversicn Canal on Deer Creek in Tehama County, approximately 15
miles north of Chico, California. 3 / This installation was identical to

“that in Bay No. 1 except the depthof flow was appro:umately 3 feet.
The angle of the line of louvers was varied from 11° 327 to 12° 45! and
no straightening vanes were provided. The velocity of flow was in the
same range 2s that in Bay No. 1 of the pilot structure. Three sets of
tesis were performed withbypass widthsof 6, 12, and 18 inches. The

~average length of the salmon was 50,68 mm. The relation between ef-
ficiency, velocity of flow, number of fish in‘test, and bypass width is
shown in the following tabulation:




Bypass width  Efficiency Velocity  Number of fish
(in). (%) (tt/sec) in test

6 85 3.08 492
6 87 2.91 32
12 88 2.65 135
18 97 2.06-2.91 116

These results are based on a limited number of tests which
are insufficient to be a basis to conclude definitely that efficiency in-
creases with the width of the bypass. However, the efficiencies are -
comparable to those determined at Tracy with striped bass.

Mathematical Approach

As previously stated, one factor which could not be evaluated
in the test installation was the effect of the length of the line of louvers
on efficiency. Obviously, if the line of louvers was of sufficient langth
to cause the fish to become exhausted, they would be forced through the
louvers with a resulting decrease in efficiency. There is, however, an .

engineering approach to the problem. 4/

Referring to Figure 13, let the swimming ability of the {ish be
Vs, the approach velocity of flow V,, and the resulting motion of the fish
V. with a representing the angle of the lire of lpuvers with the direc-
tion of fiow. The maximum approach ‘velocity for the ultimate structure
has been established at 4.0 ft/sec and the line of louvers at an angle of
150 with the direction of flow. The line of louvers will be approximately
325 feet in length. ‘

Then

Sin 15° = X§-
4

Vg = 4(0.259) = 1f04~tt[sec, swimming speed

v
Cos 152 = —
4

V = 4(0.966) = 3.86 ft/sec, resulting motion of fish

x = 325 _ g4.2 seconds or 1.4 minutes

3.36

‘Hence, it would take 1.4 minutes for the fish to pass the entire length
of the line of louvers of 325 feet. Thus, the fish would be required to
swim for a period of 1.4 minutes at a velocity of 1.04 ft/sec in an ap-
proach velocity of 4.0 {t/sec. From observations during the testing
program, a swimming speed of 1.04 ft/sec for a period of 1.4 minutes
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is very 3 conservative. Accordingly, no: bypass would be. reqmred for
the ultimate structure except at the end of the 325-foot long line of lou-
vers. Figure 30 gives a conception of the swimming ability of the fish.

However, all members of the Fish Advisory Council were not
ml!ing to accept this mathematical approach to the problem due to the

uniqueness of the design.

Laboratory Approach

Accordingly, an attempt was made to simulate a. rconsxderable
length of a line of louvers in the Hydraulic Laboratory by means-of a
circular device iliustrated on Figure 31. This device consxsted ofa
L, circular set of louvers 20 inches in diameter around a center aperture.
et All louver slats were set at the same angle with respect to the tangenits.
- The water was admitted radially by means of vapes.fastened to the per-
forated plate baffle. The flow pattern was a spiral vortex. It was rea-
soned that fish introduced into the model! would properly orient them-
selves, in accordance with observations made at Tracy, and the num-~
ber of times any particular fish passed around:the 20-inch diameter
louver installatior would be a measure of the allowable length of the

line of louvers between bypasses.

_ Small trout and bass (1-1/2 to 2 inches in lengtk obtained from
R the Coloraio Game and Fish Department) were employed in the model
with a flow velocity of approximately 1 fool per second. The fish prop-
erly oriented himself, but aiter a very short time (! to 6 revolutions
around the louvers) he would move out to a region of fairly low velocity
and rest for a time before again venturing r-ear the line of louvers. In
the prototype structure the fish could not get into low velocities. Hence,
the model study yielded no usable information due to the velocity gradi-
ent, Any attempt to confine the {ish to the region of high velocity near
the louvers would result in an improper flow pattern. It was, therefore,
not possible to demonstrate the permxsstble length of the line of louvers

betwren bypasses,

" Design Criteria

To establish criteria necessary to proceed with design of the
ultimate structure, a meeting of the Fish Advisory Council, established
several years ago, was held in Sacramento on November 18, 1954. This
meeting was attended by representatives of the Bureau of Reclamation,
Fish and Wildlife Service, and the California Department of Fish and
Game, The following criteria were agreed upon by those present:

1. Angle of line of louvers, 112 to 159, dependmg on design
° requirements.

2. Louver slat spacing, 1 inch clear.

3. Louver slats, 90° to flow.




Distance between bypasses, 75 feet maximum,

Bypass width, 6 inches.

Maximum velocity of apprda«:h 'f(average);s.‘31f¢et~,,per' sec-

7. Distance between trashrack and start of lme of louvers
25 feet minimum,

8. Smooth flow pattern: bemeen trashrack and start o! hne of
louvers,

8. Trashrack bar spacing, 2 inches clear,

- 10. No provxsxon for/‘nedicatmn with salt of the ﬁsh in the hold~
ing ponds. ‘

11. Although recognized that preditors niig'u stay in the bypass
channels or ahead of the trashrack'to prey upon. the small fish, no
preventive action is to be taken. :

The limitation of 75 feet between bypasses will materially in-
~crease the cost of the structure. In an attempt to minimize the cast, a
proposal was made te provide only one bypass in the original installa-
tion with provision to activate intermediate bypasses if found necessary.
However, the Fish and Wildlife Service insisted that all bypasses be
made operative initially and that some: could be ‘taken out of service'if -
found unnecessary.




PART II

HYDRAULIC MODEL STUDIES OF THE PILOT: CANAL *\ND
PILOT FISH SCREEN STRUCTURE

INTRODUCTION

~ The pilot canal and pilot fish screcen structure are located at
the headworks of the Delta~-Mendota Canal, Central Valley Project,
California. The pilot canal is used as a temporary channel to provide
passage of water from Old River to the Tracy Pumping Plant until such
a time as the headworks of the main canal are finished, Fxgure 1.

The fish screen structure, located at about the midpoint in the
pilot canal; is for the purpose of aiding in the conservation of the small
fish in the area by preventing their access to the canal “The structure
is set at an angle to-the center line of the pilot channel: in order to keep
the velocities low through the structure h¥ providing a large area for
the flow passage. The structure consis{ ~f a bridge work frame used
to contain the fish screens and trashracks. s well as the necessary ap-
paratus for removing and cleaning the screens aad holding the screened
fish. The presence of peat moss and trashin the water makes it neces-
sary to clean the screens several times each day.

The laboratory was requested to make model studies on the
pilot canal and pilot {ish screen structure when the chaunel began to
show signs of excessive erosion along the banks, and soundings taken
on the channel floor downstream from the structure showed that the
footings of the structure were being undermined,

The louver type fish screen was considered {or installation in
the f{ish screen structure when uwesngauon by project. personnel showed
that it had great potential in fish screening efficiency as well as requir-
ing very little maintenance since the peat moss could pass through the
louvers without clogging the openings. However, their investigations
indicated that there were some adverse hydraulic characteristics that

could best be corrected by a hydraulic model study.

THE MODELS

The studies were performed with four models, A 1:15 scale
model was used to determine the channel realinement for the pilot canal
and also for the overall pattern of the channel bed erosion. A 1:10
scale sectional model of one bay of the {ish screen siructure was used ~
to study the channel bed erosion downstream f{rom the structure. The
model studies »f the jouver installation were performed on two models.
One was a hyi-aulic model of a 16-foot length of the line of louvers
built to a scule of 1:4 to give an overall picture of the flow pattern. In
the other, a Section c{ the louvers 6 inches high and 4 feet long with
prototype dxmens;ons for width and spacing was tested in air mstead
of water. :
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The pilot canal was formed in the 1:15 scale model from sand
to conform to drawings from Specifications No. 20C-1C1S, Figure 2.
The fish screen structure was censtructed of wood from drawings in -
‘the same specifications., The 1:15 model layout is shown by Figure 32'
The 1:10 scale sectional model was installed in an existing narrow
{flume which had a glass panel for one wall,

The model discharge, water surface elevations, extent of ero-
sion, and other important measurements were: detemined by standard
laboratory methods. :

INVESTIGATION OF THE PILOT CANAL AND
PILOT CANAL STRUCTURE

The mvestxganon on the pilot canal and pilot fish screen struc-
ture was performed in two phases; the first, using the 1:15 scale model,
was the mveshgatwn to detevmine ithe channel realinement. The sec-
ond phase, using the 1:10 scale model, was the determination of methods
to prevent the severe channel bed erosion downstream from the fish
screen structure. After recommendations had been determined from
these two investigations, they were combined and incorporated in the
1:15 scale model and a final test made to show the overall effectiveness.
The effectiveness was determined by visual comparisons of the flow con-
ditions and amount of ervsion. Photographs were obtained of these two

features both upstream and downstream from the fish screen structure.

Pilot Canal Tests

Test No. 1. In the initial test the existing channel alinament
was formed in the model, Figures 33 and 34A, and the model operated
at 3, 800 cfs (S5-pump operation at high tide). This test was performed
in order to duplicate the existing flow conditions and extent of erosion
and also to have a basis {or comparing the effectiveness of a modifica-
tion,

The flow in the channel formed an eddy along the left bank on
the upstream side of the fish screen strucmre/and showed definite indi-
cations of eroding the right bank downstream from the structure. The
extent of the erosion both upstream and downstream from the structure,
as shown in Fxgure 35, indicated that the channel was too narrow for
5-pump operztion. The erosion pattern also showed the points where
the channel should be widened.

Test No. 2. The firsi channel revision followed recommenda-
tions m.;d"é"ﬁmﬁ'mect office. Figures 348 and 36A show the outline
of this revision; the upstream section of the channel was widened about
- 60 feet by excavating along the lelt bank. The right bank of the down-
stream section was moved back so as to eliminate all of the projecting
curve and thus permit nearly a straight approach to the main canal.

The revised channel was tested at 6-pump discharge at high
tide, 4, 600 cfs. It was felt that since this was a possible operating
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condition it would provide a more severe test. The eddy in front of the
sloping screen bay was not as severe as in the previous test and would
probably disappear if there were flow through the sloping screen bay,
Figure 37A. In the downstream section the only sign of an adverse flow
condition was the slight eddy along the left bank; this also was probably
due to the lack of flow through the sloping screen bay and in any case
was not damaging to the channel banks.

The channel appearance after 4 hours of 6-pump operation
showed only a slight amount of erosion of the banks, indicatiag that the
channel was sufficiently wide, ' In the upstream section tke floor of the
channel near the entrance from Old River showed signs of bed move-
ment; this was probably due to the slope of the channel floor rather than
because of channel alinement. p

Test No. 3. The smooth {low conditions and lack of bank ero-
sion indic¢atea that it might be possible to make the channel narrower
and thereby considerably reduce the amount of excavation necessary in
the large channel. Accordingly, the upstream channel width was re-
duced from 92 1062 feet. The downstream section wzs; re-formed so
as to form a channe¢l about halfway detween the original channe: and the
one tested in Test No. 2. Figures 36B and 38 show the channel in-
vestigated in Test No, 3. :

This test was also made at 6-pump operation; however, the up-
stream water surface elevation was lowered to correspond to low. tide
since the resulting increased velocity would tend to cause more severe
erosion. Figure 37B shows the flow appearance for this channel aline-
ment. In the upstream section the flow near the structure was very
smooth; a slight eddy in {ront of the sloping screen bay was still notice-
able but did no harm. The flow in the dowastream section was very
smooth through most of the channel; however, there was a slight water
surface roughness along the right bank that indicated the bank protruded
too far into the channel. The extent of the erosion showed that the chan-
nel was adequately wide but that the approach curve along the right bank
would benefit by being streamlined.

Test No. 4--Recommended channel. From the above three
tests the Tecommended channel alinement was derived, Figure 38B. For
the recommended channel the upstream section remained 62 feet in
width and the right side appreoach was not further streamlined. The
downstream section was widened so that it was a compromise between
the channels of Test No. 2 and Test No. 3. The changes in the down-
stream section also included a modification of the downstream end of
the left bank. ‘It had been noticed in the previous tests that the left bank
had a tendency to erode in this vicinity. Although in each individual test
the amount of erosion was slight, collectively after several tests it had
accumulated to a sigmificant amount that indicated the bank shouid be
moved back about 10 feet at the junction with the main canal, From the
appearance of the flow and the condition of the channel “anks after 4
hours operation the channel alinement was judged to oe satisfactory for
the orototype installation.
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Pilot Fish Screen Structure Tests

During the tests to determine the channel realinement of the
pilot canal, the fish screens of the pilot fish screen structure were in
place and the head loss across the screens corresponded to about 1-
1/2 feet difference in elevation between the upstream and downstream
sides. It had been ndticed that when the screens were raised a small
amount the flow under the screen caused severe erosion of the channel
bed just downstream {rom the structure. B ‘

Information received from the prototype structure alsoshowed
that there had been severe bed erosion downstream from the structure,
Figure 33, It was not practical to try tr correct this erosion by using
the large model; therefore, a sectional modei of one bay of the struc-
ture was constructed to a scale of 1:10 and installed in a glass sided flume,
Figure 40, :

The testing procedure closely followed information received
on the prototype operation. The discharge was equivalent to 5-pump,
high tide, cperation through 11 bays with about 1-1/2-foot head loss
across the screern. The screen was operated to duplicate the prototype
screen cleaning procedures. The cleaning was accomplished by slowly
raising and lowering the screen while playing a jet of water over it to
remove the debris, Before raising the dirty screen a clean screen was
temporarily lowered in front of it. When the cleaned screen was being
returned, the workmen were often unable to fully lower-it, and it was
allowed to remain in a partially raised position for 2 or 3 hours. The
model testing procedure duplicated this by slowly raising the screenfor
2 or 3 feet and allowing the model to operate while observing the action
through the glass panel. ‘

Test No. 1. For the first test the existing prototype setup was
modeled,” Figure Y0A. When the screen was {irst raised the sluicing
action of the flow under the gate caused the bed to erode very rapidly.
Figure 40B shows the channel floor after only 10 minutes of operation.

It was apparent that the sluicing action of the flow under the
screen was the cause of the prototype erosion. Figure 39 shows the ex-
tent of prototype erosion. The lack of erosion downstream from the
first three bays can be explained by the fact that there was no flow through
the sloping screen-bay and the next two bays were equipped with self clean-
ing traveling screens which did not need to be raised for cleaning. The
remaining eight bays had to be raised in order to clean them,

Since it was not practical to instail the moving screens in all
the bays, further tests were made to determine other methods of pre-
venting the erosion,

Test No. 2. For Test No, 2 the channel bed was modified by
placing a proteclive layer of riprap downstream from the structure.
The layer was 1 foot thick and consisted of 2-1/2- tc 4-inck prototype
size and extended 10 feet downsiream,




The erosion was negligible after 10 minutes operation so the
amou:t of screen opening was altered to find a more severe operating
condition. Starting with the screen raised 5 feet, it was lowered by 1
foot incremes=ts, At 1 foot open the bed movement was greatest so the
model was allowed to operate at this opening for 20 minutes, Figure
41A shows the amount of bed movement at the end of this period. The
riprap reduced the amount of erosion; however, it was thought that the
structure would receive better protection if some type of deflector or
end sill were placed on the concrete. apron under the screens.

Tests No. 3, 4, 5, and 6, end sills. Four types of end sills
were invéstigated and a"l'r—we're"'fo—unm' effective in reducing the ero-
sion. The tests are summarized below: :

Test No. 3. End sill 6 inches hxgh sloped upstream tace
Figure 4ZX. At the 2-foot screen opening the erosion was very slight.
Though the screen was raised and lowered’to find the opening tha? pro-
duced the greatest bed movement, the 2-foot opening was selected for
erosion time trials. Figure 41B shows the amount of €rosion at the er:d
of 30 minutes operaticn. The erosion pattern was not extensive and the
sill had tended to cause a_protecnve bar to be formed at the end of the
apron,

Test No. 4. End sill 1 foot high, 2:1 slope on upstream face,
riprap alSo uséd, Figure 42B. The greatest bed movement occurred
with the screen raised 3 feet. Figure 43A shows the extent of erosion
after 4 hours., The eroded area has moved several feet downstream and
some of the ercded material has moved upstream toward the apron,

Test No. 5. A 7-1/2-inch angle iron placed on the apron as an
end sill, o riprap, Figure 42C. Figutre 43B shows the extent of ero- .
siox after 2 hours operation with the screen raised 2 feet. The eroded’
area is about 20 feet downstream from the apron, the eroded material .
has moved upstream and formed 2 sand bar to the same elevation as the
top of the sill and extending for about 4 feet downstream.

Any of the end sills that were investigated would protect the
structure from excessive erosion but since the installation of a sill would
have to be done under 20 feet of water, the angle iron end sill was rec-
ommended as it would be the easiest {or prototype installatica. It was
also recommended that a 1 foot thick layer of 2-1/2- to 4-incn riprap be
installed for 10 feet downstream {from the structure,

Overall investigation, Two tests were performed on the 1:15
scale model o determine the effectiveness of the end sill when it was in-
stalled in all twelve bays cf the structure. The tests were made with
the channel alinement as recommended, 6-pump operation and with the
upstream water surface elevation representing mean low tide,

In the first test the screens were raised 2 feet, no end sills or
iprap was used and the head loss across the screens varied from about
3 4 foot at the start of the test to about 1-3f4 feet near the end of the
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test. At the end of 3 hours! operation the model was unwatered and
the extent of erosion determined. Figare 44A shows the extent of ero-
sion at the end of the test. The erosion was between 4 and & feet deep
with the deepest part of the eroded area about 11 feet downstream from
the apron and the end of the apron was undermined in all bays.

For the second test the 7-1/2-inch angle iron end sills were
installed in all bays; the other operating data were the same as in the
previous test. Figure 44B shows the extent of erosicn at the end of 3
hours operation. The erosion was between 1 and 4 feet deep with the
lowest point about 15 feet downstream from the apron. The end cf the
apron was not undermined in any of the bays; however, hetween Bays
No. 5 and 6 and between Bays No. 7 and 8 the end of th.. apron was ex-~
posed but the addition of the protective layer of riprap:would probably
eliminate this. ‘

Screen raising studies. As previcusly discussed, the screen
raising methods during cleaning operations seemed to have a definite
bearing on the cause of the prototype erosion. A test was made on the
1:10 scale model to show that a simple change in the prevailing mecthods-
would benefit the structure as much as the end sill and riprap would
benef.t it. The discharge and water surface elevation were the same
as were used for the other tests, and nd end sill or riprap was used to
protect the channel bed. Two screens were used, -one was the same as
in the previous tests and this iz referred to as the dirty screen; the sec-
ond screen had less than 1/4 foot head loss through it and is referred to
as the clean screen, ’ ' =

For the first test the prototype procedure was followed: this
was to lower the clean screen on the upstream side of the dirty screen:
and then to raise the dirty screen. When this procedure was followed,
the erosive action downstream from the screen was extremely violent
and in a very few minutes a large amount of material eroded from the
channel bed, Figure 454,

: In the second test the position of the screens were reversed,
which put the clean screen on the dewnstream side of the dirty screen.
When the dirty screen was raised there was little ernsive action of the
channel bed. Figure 45B shows the condition of the <hannel bed after
30 minutes operation with the screen raised 2 feet. '

INVESTIGATION OF THE LOUVER INSTALLATION

The investigation was directed at correcting an existing poor
flow condition and to obtain a constant velocity in the approach channel
with a2 uniform distribution through the louvers, For the initial tests
the existing design was installed in both models and the poor fiow con-
dition duplicated in order to determine the cause. The poor flow condi-
tion was quite apparent in the models. Figure 46A shows the flow lines
through the louver as traced by confetti. The concentration of flow lines
along the right side shows that part of the flow is deflected parallel to
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the line of louvers, causing the water velocity to increase about 2-1/2
times from the upstream end of the louver to the downstream end.
This is caused by the condition on the downstream side of the lourr
where the flow lines show that the flow is normal to the line of louvers
for a considerable distance before it turns to the original flow direc-
tion. In order to turn the flow from each louver space,, the water sur-
face in the adjaceat space (upstream) must be slightly higher. This
backwater build up progresses upstream from space to space zlongthe
line of louvers until a: the cpper end it allows very little flow through
the louver. This is indicated by the absence of flow lines in this area.
The buildup is also reflected downstream by an increased flow velocity
along the left wall.

The investigation of this design in the air model showed prac-
tically the same conditions. Figure 46B shows the fiow lines traced by
smoke streamers induced into low velocxty flow on the upstream side
of the louvers. The deflected flow is indicated by the distance the smoke
travels along the upstream face of the louver before it passes through.
On the downstream side, the distance the smoke travels normal to the
louver before it turns is also quite apparent. The preliminary tests in-
dicaied that if each unit &/ the louver would take its proportionate share
of the flow, the flow would not be deflected and even flow distribution
and a constant approach velocity would be attained,

Flow Straighteners ‘ | o

i

. The upstream side of the louvers could not be altered since
it was thought that the fish repelling characteristics might be changed;
therefore, the modifications were developed on the basis that they hadto
be placed on the downstream side. Preliminary tests showed that ifthe
flow emerging from the louvers were forcibly turned so that it flowedin
the proper direction the backwater buildup was minimized and good ap-
proach flow resuited. Good ocutflow conditions might also be accom-
plished by downstream channel realinement but obviously would be very
expensive, so all further tests were made to determine the length and
spacing of fiow straighteners placed on the downstream side of the lou-
vers. The length of the flow straighteners would depend on their spac-
ing since in order to completely turn the flow the straighteners must
overlap. The flow had to be turned about 70° which set the minimum
spacing as one vane for every two louver spaces,

Flow distribution. Twc flow straighteners were investigated
in the air moacel; the Iirst had 2 vane for every two louver spaces, Fig-
ure 47, and the second a vane for every eight louver spaces, Figure 48,
The flow patterns were traced by the smoke streamers and the results
photographed. Figure 48 shows the pattern through the two flow straight-
eners. In both cases the smoke entered the louver more directly thanit
had in.the case of the louver without the straighteners; it was also ap-
parent that the stream was turned and flowed downstream with a fairly
uniform distribution. Of the two flow straighteners tested, the closer
spacing provided the better flow distribution. For comparison, the flow
iines in the 1.s model when the {low straightener is used are shown in
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Figure 50B; both the upstream ‘and downstream distribution is more
uniform than that shown in Figure 46A, ‘ :

Velocity increase. Another method of determining the effec-
tiveness of [Jow straighieners was to determine the velocity increase
along the upstream side of the louver, The ratio of the increase in ve-
locity versus the spacing of the straightening vanes has been plottedon
Figure 51. The velocities were measured at the upstream end of the
line of louvers, Vj, and at thc downstream end, V2. The spacing was
measured normal to the flow lines. For this test both models were
used. In the air model, tests were made with the two flow straighten-
ers previously described; in the water model two tests were made, one
with the louvers alone and one with a flow straightener patterned after
the wider of the two tested in the air model.

Flow in the air model without a flow siraigitener can also be
considered as flow with a straightener every 15 inches with the upper
and lower model boundaries being the straighteners, Data were ob-
tained from the models for five different spacings; in addition, data
were used from information available on tests that had been performed
in the test flume at the Delta-Mendcta Canai headworks. From the
curve on Figure 51 it is possible for the designer to determine the best
spacing in keeping with the desired flow efficiency and construction econ-
omy. The curve shows that any spacing up to 6 inches will provide good
velocity distribution, .

Head loss. The head loss across a system of louvers with or
without tA€ JIow straightener was also obtained from the models. Inthe
1:4 model the head loss was determined from a pJint about 4 feet (pro-
totype) upstream from the start of the line of louvers to a point about 4
feet (prototype) downstream from the end of the line of louvers. The
test showed that the head loss for the louver without the flow straight-
ener was about 0. 24 foot; when the flow straightener was added;. the head
loss was reduced 10 about 0. 14 foot, a reduction of about 40 percent, ‘
Similar measurements taken in the air model also showed the flow straight-
ener reduced the head loss with the closer spacing being more effective
than the wider spacing. :

With a flow straightener vane fastened directly to a louver:siat,
the flow area for the louver space immediately downstream is constricted.
Although this does not reduce the flow, the possibility that it might be-
come clogged with irash necessitated a test to determine the effect of sep-
arating the flow straighteners from the louvers. Figure 50A shows the
flow pattern with the flow straighteners about 2 inches from the louvers,
There was very little change in the flow pattern and the effectiveness of
the flow straighieners was not impaired. Although tests were not made,
it is thought that if the louver slat is extended to intersect the displaced
flow straightener vane its effectiveness would not change.




INVESTIGATION OF ANGLE BETWEEN LINE OF FLOW AND LINE
OF LOUVERS AND BETWEEN LINE OF FLOW AND LOUVER SLAT

The specific purpose of the tests was to determine the head
loss across the louver system for different values of the zngle between
the line:of louvers and the direction of flow and of the angle between the
louver ‘ziat and the direction of flow, Figure 52. "“The angle of the line
of louvers with the direction of flow was measured in a clockwise direc-
tion and will be referred to as the angle & ., The angle of the louver
slats with the direction of flow was measured in a counterclockwise di
rection and will be referred to as the angle §i. The head loss is ex-
pressed in terms of the velocity head based on the avemge velocity about
5 feet upstream from the lme of 1ouvers. '

. In.maki.g the-head‘ioss measuremems a predetermined dis-
charge was turned into the test flume and the flow depth adjusted with a
tail gate so that the depth it the upstream measuring station was 17.75
inches, waich was slightly less than the height of the model louvers.
The elevaiion of the water surface at the downstream measuring station
was then obtained. The upstream measuring station was located at a
point corresponding to 5 feet upstream from the start of the line of lou-
vers; similarly, the downstream station corresponded to a point { feet
downstream {rom the end of the line of lnouvers. A louver system was
next placed in the flume and the upstream water surface adjusted until
it was at the same elevation as before; the elevation of the downstream
water surface was then determined. The difference or change in eleva-
tion was recorded as the head loss for the louver sysiem being investi-
gated. This method 6{1\, letermining the maguitude of the loss, which
eliminates channel loss, was the same for all of the louver installations.

The results of the tests have been plotted on Figure 52 as the

head loss in velocity heads versus the angle § for four values of angle

e . The curves sizow that when a is less than 3C° the head loss is
a function only of angle J. However, as the angle increases above 300,
the loss for any particular value of angle @ increases very rapidly. As
an example takesa s value for angle § of 90° where the head loss at- pnﬂe

e of 20° and 36° was about 6.3 velocity heads, when angle o was in-
c: eased to 402 the loss becomes 8,2 velocity and with o equal to0 45°
the loss was 10 velocity heads.,

The greatly increased loss when angle a becomes greater
than 30° was thought to be a function of the relative position of adjacent
louve. slats, Figure 53. The head loss seemed to vary inversely with
the ratio BfA, where "B" is the length of slat that is overlapped by the

adjacent slat upstream, dimension "B" on Figure 53, and "A" is that
portion of the slat that is directly exposed to the flow, dunensxon "AM
on Figure 53, The line of jouvers that was used for- ¢ 90° and ¢ =

40° had a ratio B/A equal to 1. 71 and a head loss of 8.2 velocity heads,
when this line of louvers was modified so that the ratio was 2, 65 the
head loss dropped to 6.5 velocity heads, which compared favorably with
the head loss when angie a was less than 300, Figure 53.
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.For expediency in the model construction and testing all of the
above tes\\s were made without flow straighteners on the downstream
side of the louvers. In order to substantiate value of the flow straight-
eners another series of tests were %crformed ‘with flow straighteners
on the line of lonvers at a 's of 20" and 45°. . The flow straightener
used at a = 20° consisted of a s:raxghtemng vane for every eight iou-
ver spaces, the flow straightener for a = 45° also consisted of a vane
for every eight louver spaces. The results of these tests indicated that
the head ioss was reduced approximately 40 percent, Figure 52. Al-
though no investigation was made on the use of a flow straightener at

a = 30° the fact that the ioss curves for a = 20° and 300 are identi-
cal for the louvers without flow straighteners suggests that they would
also be the same after the straightener is added, :

In the above tests only one flow depth upstream from the line
of louvers was used, providing approximately the same velocity for all
tests. In order to compare the model tests with similar prototype in-
vestigations, the model was operated with variable upstream and down-
stream depths and the head loss in velocity heads related t¢ a head loss
depth ratio, Figure 54. For the tests a louver setup with § = 800 and

a = 300 and a flow straightencr for every eight louver spaces was
used. This test indicated that the head loss varied from 2 to 4 velocity
heads for most head loss depth ratios. -
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Figure 35
Report Hyd. 40!

Erosion on Upstream Side of Pilot Fish
Sereen Structure after One Hour
Operatior at 3, 800 cfs.

Erosion Along Right Bark Downstream
From Fish Screen Structure After One
Hour Operation at 3, 800 cfs.

I DELTA-MENDOTA CANAL HEADWORKS
co ’ PILOT FISH SCREEN STUDIES
CHANNEL REALIGNMERT
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Fligure 36
Report Hyd. 401

A - CHANNEL REVISION NO, 1.
White Cord Shows Outlline of Existing
Channel.

‘8 - CHANNEL REVISIOX NO. 2.

DELTA-MENDOTA CANAL BEADWORKS
PlLOT FISH SCREEN STUDIES
CHANNEL REALIGNMENT




Figure 37
Report Hyd. 401

A - Flow Appesrance Upstream {rom Fish Screen
Structure - Channel Modification No. 1.
Discharge - 4, 600 cfs at Mean Tide.

B - Flow Appearance Upstream From Fish Screen
Structure {or Channel Modification No. 2.
Discharge = 4, 600 cfs at Low Tide.
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B. CHARNEL MODKICATION Mo}, RECOMMENDED
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DELTA-MENDOTA CANAL HEADWORKS
PILOT FISH SCREEN STRUCTURE
CHANNEL PROTECTION STUDIES

EXISTING DESIGN, TEST NO. 1.




A ~ Riprap Placed Dm' From
Apron - Erosicn After 20 Minutes
Operation.

B ~ 6-Inch High End Sill and Riprap -
Ercsion After 30 Minutes -
Operation.

. \
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TESTS NOS. 2 AND 3
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C. T/ ANGLE IRON SILL

DELTA MENDOTA CANAL HEADWORKS
PILOT FISH SCREEN STRUCTURE

CHAMNEL B0 PROTECTION STUDIES
END SiLLS




- A = 12=inch High End Sill - Test No. 4
Erosion Afier 4 Henrs Oparation.

B - Test No. 5. 7{ Inck End Sill Piaced
- Ou Aprce - Erosion Afte:s 2 Hours
- Operation,

DELTA-MENDCTA CANAL HEADWORKS
i PILOT FISH SCREEN STRUCTURE
CHANNEL BED PROTECTION STUDIES

TESTS NOS. 4 AND S




A - Over-Ali Vies of Eresuen Dhowsnll prae
From Structure - Owyguns Thekige.
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A - Flow Lines Through Louvers - Close-
Spaced Flow Straighteners in Place.

B - Flow Lines Through Louvers - wide-
Spaced Flow Straightener in Place.

«

DELTA -MENDOTA CANAL HEADWORKS
PILOT FISH SCREEN STRUCTUBE

FLOW PATTERN WITH FLOW STRAIGHTENERS




A - Fiow Lines Through L.ouvers - Wide-
Spaced Fiow Siraightener Separated
From Louvers by About 2 Inches.

B - Flow Lines in 1:4 Scale Mode! With
Flow Siraightener in Piace.

DELTA -MEXDOTA CANAL HEADWORKS
PILOT FISH SCREEN STRUCTURE

FLOW PATTERN “ITH FLOW STRAIGHTENERS
1:4 SCALE MODEL AND AIR MODEL

Figure 30
Report Hvd, 401
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FIGURE 54

NOTES
1. Velocities and depths are
tosed on maosuremonts on
cownstream side of structure.
2_ Head loss (AH) is the: difference
in upstreom and downstream
woter surfoces.
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