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INTRODUCTION' 

My presentation this morning will be given in two 
parts: the first will be a review of some of the biologi
cal data we are in the process of developing to provide 
engineers with design criteria for what may be the largest 
fish salvage installation in the world; the second will be 

a report on the results of a functional evaluation of a 
large louver installation. 

This workshop is both relevant and timely. th ink it 
is safe to say that the use and·abuse of water is going to 
increase in the future and that the demand to minimize or 
prevent the diversion and entrainment of aquatic organisms 
will continue to escalate. 

When one realizes the gamut through which water is put 
the outlook for aquatic life seems very dim. We divert 
water, spread it on fields for irrigation where we en~;ch 
it and load it with salts; we spread it over the ground for 

waste treatment and into streams for percolation; we draw 
it through industrial systems where we heat it, beat it, 
boil it, saturate it with chemicals, evaporate it, centri
fuge it and evacuate it. We disrupt the land so that we 

change our water to mud. We treat huge quantities in our 
water supply systems and use it for sewage disposal where 
we frequently treat it again. We raise it, then drop it 
from dizzying heights; spin it through turbines and pumps 
and shutt1 e it back and forth in our reser·voi rs and export 
it into fo.reign environments. 

I recognize that animals are adaptive, most are to1er
ant, and many have amazing powers of resiliency. I submit, 
however; they are hardly up to the changes that man subjects 
them to. Obviously, we who are concerned, have a tremendous 
job ahead of us if we are going to maintain the traditional 

forms of aquatic life in our environment. 

BACKGROUND 

Our primary purpose and objectives are aimed at the 
development of design criteria for a fish screen concept, 
and related facilities for the_so-ca11ed Peripheral Canal. 

This will ~e a facility with an ultimate capacity of 617 to 
3 .;. 3 . 

792 m /sec~(21 ,800 to 28,000 ft /sec). The canal will di
vert the wa:t,er from the Sacramento River about 40.3 km (25 
mi) south ot the City of Sacramento and convey it about 

69.2 km (43 mi) around the Sacramento-San Joaquin Delta to 
the State and Federal pumping facilities in the south Delta 

(Fi g. 1). Enroute, the water wi 11 pass through several 
major siphons. Provisions are also being made to release up 
to 141.5 m3/sec (5,000 ft 3/sec) at various turnouts to im
prove water quality in the Delta for agricultural and 

environmental purposes. 
Severa 1 important anadromous fi sh speci es wi 11 encoun

ter the diversion as well as a variety of resident river 
fishes. The fish will encounter the diversion in several 
1 i fe history stages. These range from the eggs and 1 arvae 

of striped bass and American shad through the fingerlings 
and smo1ts of salmon and steel head to postspawning adult 

striped bass, shad and. white sturgeon. 
The present program on fish facilities design is being 

carried out under a quadripartite agreement among the Cali
fornia Departments of Water Resources and Fish and Game and 
the U. S. Bureaus of Reclamation, and Sport Fisheries and 
Wildlife. The research is being performed by Fish and Game 
under contract to the water development agencies. 

PART I 

FISH FACILITIES RESEARCH FOR CALIFORNIA WATER PROJECTS 

Fundamentally, our objectives under this program are 
to: (1) develop biological design criteria for required 
fish facilities associated with the Peripheral Canal ; and 
(2) develop operating criteria for the facilities. Our 
foremost concern is to develop an appropriate fish screen 
and other measures to minimize losses of fish, eggs and 
larvae from the Sacramento River. 

Roughly, one-half to two-thirds of the anadromous fish 
of the state spawn in the Sacramento Ri ver or its tri·bu
taries. About two-thirds of the striped bass, and perhaps 
as much as 90% of the salmon, stee1head, American shad and 
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white sturgeon of California's Central Valley originate in 
the Sacramento River System with the remainder being con
tributed by the San Joaquin River and its tributaries, 

It is evident from· the literature on fish screens that 

most have evolved from the mechanical approach. Ideas are 
converted to mechanical structures which usually are then 
modified to improve their effectiveness. Most fish screen 
development has been oriented toward salmonids and more 

specifically toward those of the Pacific states and British 
Columbia. 

Basic research on the fundamental guidance mechanisms 
and physiological capacities of fish has been rather lim
ited. For example, fish screens have been constructed for 
over 50 years to prevent the loss of salmon, steel head and 
trout. Yet as late as 1970, we had no good measure of 
either the swimming capabilities or the impingement toler
ance of fingerling salmon relative to fish screens. 

Gener~lly, the research that has been done has been in 
response to a specific need. Bates, Vinsonhaler and 
Sutherland (1964), for example, did a substantial amount of 
applied research in developing the louver concept in connec
tion with the 141.5 m3/sec (5,000 ft 3/sec) diversion for 
the Central Valley Project. Although Kerr (1953) was try

ing to solve a particular problem at the Antioch steam 

plant of the Pacific Gas and Electric Company, he was curi 
ous enough to venture into the more basic elements of the 
problem and astute enough to translate the results into 
general observations about fish behavior that have applica
tion to fish screen development. More recently, Greenland 
and Thomas (1972) reported the results of their research on 
the swimming speed of fall chinook salmon. Numerous inves
tigators have studied the swimming speeds and mO.tions. of 
fish. However, little of this work has, as yet, been of 
direct benefit to fish screen design. Perhaps the greatest 
void has been the lack of research on juvenile fish, 

Our approach to the problem of developing a fish 
screen installation for the Peripheral Canal was to: (1) 
develop conceptual ideas of a system; (2) determine the 
principal components to establish the critical links in the 
system; and (3) conduct the necessary research to develop 
design criteria and to evaluate the critical links in the 
system. 

Since astronomical numbers of eggs and larvae as well 
as fry, juveniles, subadult and adult fish will be encoun
tered at the diversion, we have concentrated on developing 
a screen concept and related criteria. However, we are 
also considering problems associated with a settling basin, 
collecting facilities, pumps, a return conduit up to 8 Km 
(5 mil in leng.th and terminal release facilities. 

Because we are unsure of the screen concept that will 

effective since it will produce design criteria that should 

.. _bs1 useful irrespective of the concept ultimately adopted. 
We have been doing this research since 1966. The 

first several years were spent in developing the equipment 
and techniques to handle and hold the eggs, larvae and 
small fish. Hardly a testing season goes by without sig
nificant modification of the equipment, holding facilities, 
handling techniques or experimental design. Thus, we have 

experienced rather substantial differences from year to 
year. 

We have 'learned that research of this nature must be 

planned carefully and implemented expeditiously. Eggs and 
larvae are only available for a few weeks each year. Nor

mal growth i~.Such that a desired size must be tested 
quickly and ~fficiently. It usually takes either a massive 
effort when t~e fish are available or several seasons of 
testing in or~er to obtain meaningful results. This gets 

extremely expensive when it is necessary to collect speci

mens in the field. 

Test Equipment, Procedures and Methods 

The .details of the test equipment, procedures and 
methods are too lengthy to deal with here. They can be 
obtained on request and will be included in subsequent 
publications. 

We initiated our research with a simple velocity cham
ber, modified after Beamish (1966). Very simply, it was a 
20.3-cm (8-in,) Plexiglas tube inserted in a water bath 
with a dry well in the center so that the reaction~ of the 
fish could be observed. A propeller attached to a vari 
able speed motor was used to obtain the desired water velo
cities through the tube (Fig. 2). For most tests, we used 
a cylindrical tube with the retainer screen placed perpen
dicular to the flow of water. The retainer screen is fixed 
at the end of a removable extension to the plastic tube 
which we refer to as the test chamber. This removable 
chamber greatly simplifies the insertion and removal of test 
fish. The angled screens, with a bypass and collector 
attachment, were used for special experiments which will not 
be discussed here. 

a - inch pie xi glass velocity chamber 

I fish inserled here iii+----B' ------1 

3' 

1~~4'4,,======+=sc:tB"-----' 

flow - straighlener 

ultimately be adopted we have emphasized research on the bevelled hOUSing 

swimming performance and/or impingement tolerance of eggs, 'haft w,lh propeller leading 10 power-source 

larvae and juvenile fish. We believe this approach will be FIG. 2. Schematic diagram of velocity chamber. 
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Over the years the velocity chamber has evolved to the 
extent that our latest facility uses hydraulic head ra
ther than a propeller to regulate the velocity. Thissys
tem results in much more uniform hydraulic conditions in 
the test chamber. It was just completed and will be used 
extensively for the first time this year (1973). 

Our holding and handling techniques have gone through 
a similar process. We originally held the fish in screened 
plastic buckets placed in a water bath. This was later 
modified to a sinuous trough provided with a continuous 
flow. Presently. we use a rack and canister system which 
greatly increases efficiency while reducing the physical 
handling and resultant stress of the fish. In the latter 
system. the fish are put in a screened canister which is 
then placed in the holding trough prior to testing. The 
fish are tested in the same canister without being removed 
and are returned ·to the trough for post-test holding. 

As a rule. all larvae and test fish were held 24 hr 
before and after testing. This procedure eliminated most 
handling mortality prior to testing and permitted an 
assessment of delayed mortality. Eggs were usually tested 
shortly after they were obtained; otherwise most would 

hatch before testing. 
Most testing was done at the Delta Fish Protective 

Fac.il i ty. although much of the sal mon and steel head re
search was carried on at the Department's Mokelumne River 
Fish Installation. a combination hatchery and artificial 
spawning channel facility. The test schedule was governed 
by the natural occurrence of each species. Salmon and 
steel head were tested from the middle of January to the 
mi ddl e of April and stri ped bas s were tested from ~'ay to 

September. 

Swimming performance was measured in terms of the per
centage of fish in a free-swimming position at a given vel
ocity at the end of selected time intervals. Impingement 
tolerance is defined as the proportion of fish surviving 
impingement for a given velocity and time period. Because 
of inherent differences between fish and some peculiarities 
of the test equipment not all fish are impinged uniformly. 
Therefore. these tests are often a measure of tolerance to 
the combination of swimming and impingement. At marginal 
impingement velocities. some fish which were ·impinged were 
later able to free themselves. 

Before testing. the fish were carefully segregated 
into similar length groups. Because of the critical rela
tionships between fish length and swimming performance 
particular care was given to measuring the fish to reduce 
the variability of the results attributed to this source. 
Each test lot normally consisted of 20 fish. After the 
fish were introduced into the test chamber. a velocity of 
about 0.03 m/sec (0.1 ft/sec) was provided to allow the 
fish to orient themselves with respect to the current. 
When the fish were oriented, the velocity was raised quick

ly to the desired test level. The holding water and test 

wate? was generally kept within 1.1 deg. C (2 deg. F) of 
e"aCh other. r 

These tests involved several thousand fish and hun 1 
t 

dreds of individual tests. In 1971 for example. 280 sepa
rate tests were conducted involving 5400 fingerling salmon. 

RESUL TS 

Salmon and Steelhead 
rThe typical results of our swimming performance tests 

are shown in Fig. 3. The figure shows the percentage of l 
39 mm king salmon swimming up to 6 min at velocities rang
ing from 0.15 to 0.76 m/sec (0.5 to 2.5 ft/sec). In gener
al. swimming performance varies directly with size and 
inversely with v~·iocity. This relationship is rather criti

cal for the smali-:~st fish but diminishes as the fish get 
larger. ,. 

The composite results of 36 to 56-mm king salmon are 
shown in Fig. 4. These tests ranged from 1 to 6 min in' 
length. Time within this range was much less important 
than velocity. To attain a success level of 90% or more. 
the water vel-ocity for 36 to 56-mm king salmon should not 
exceed 0.21 m/sec (0.7 ft/sec)· based on these tests. 

Because swimming performance varies so greatly with 
size and velocity it is rather difficult to illustrate the 
results. However, Fig. 5 shows the apparent relationship 
between king salmon fry body length, and swimming perfor
mance for 4 min based on our 1971 data. Comparable results 
for steelhead fry are depicted in Fig. 6. We expect to 
analyze these relationships in greater detail at a later 
date and eventually develop the mathematical equations to 
express them. 

We learned that impingement at moderate velocities for [J 
short time intervals presented no immediate hazard to sal
mon and steel head. Numerous tests at velocities up to 0.76 
m/sec (2.5 ft/sec) and for 6 min or less showed virtually 
no mortality. Consequently, we ran a series of tests to 
assess the effects of longer-term impingement. The results 
of the latter tests are shown in Fig. 7. The survival of 
22 to 36-mm steel head did not drop below 90% until the fish 
had been impinged over 50 min at 0.46 m/sec (1.5 ft/sec). 
The critical relationship between time and velocity for 
impinged fish is illustrated at 0.76 m/sec (2.5 ft/sec). 
Survival decreases ra·pidly after 10 min of impingement at 
the higher velocity. 

Striped Bass 

The swimming performance of striped bass is similar to 
salmon and steel head in terms of the effect of size and 
velocity. Striped bass generally perform better at any 
given size up to 50 mm. It should be noted however, that 
such a comparison has little meaning since there is a great i 
di fference in the embryo logy and development of the two L.; 
species. Salmon are on the order of 25 to 30 mm when they 
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FIG. 3. Swimming endurance of 39-mm king salmon. 
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hatch and carry a yolk sac until they are 40 mm or larger. and SO mm in length. Survival obviously is related to both 
Striped bass are approximately 3 mm in length at hatching. s.i3~/and water velocity in these 6-min tests. 
Also, there is a substantial difference in the temperature It was stated earlier, that the variables become less 
of the water during the early development of the two. important as fish size increases. This is also apparent 

The 1970 results of our tests for 40 to SO-mm striped from Fig. 10. In general, survival is less than 90% for 
bass are shown in Fig. 8. Swimming performance is deline fish smaller than 40 mm at all velocities over O.lS m/sec 
ated by the dashed line. Essentially, 90% were able to (O.S ft/sec). The notable exception is the 100% survival 
swim at velocities up to 0.24 m/sec (0.8 ft/sec) for 6 min for 20 to 2S-mm fish at 0.24 m/sec (0.8 ft/sec). 
or less and almost all were impinged by velocities over To assess the feasibility of salvaging striped bass 
0.49 m/sec (1.6 ft/sec). The dots are the results of tests eggs by an impingement device we tested substantial numbers 
at 1, 2, 4 and 6 min. Generally, performance was best for of eggs over a 2-year period. The results of our 1972 
'the shortest test period and worst at the longest. The tests are shown in Fig. 11. The data suggest that it may 
curve was fitted by eye and is intended to reflect the be feasible to i.mpinge eggs up to 6 min at velocities up to 
general relationship. Velocity is a more i.mportant deter 0.24 m/sec (0.8ft/sec). Survival was generally related tG 
minant of swimming performance than time. The impingement the length of ti~ impinged but gross differences are ap
tolerance of 40 to SO-mm striped bass is reflected by the parent. Survivafas measured by immediate survival (clear, 
solid lines. These results quite clearly indicate that intact eggs) and '24-h r survi va 1 (hatched eggs, i. e. 1 a rvae) 
survival is related to the length of time impinged as well were not greatly different, but the mortality after 24 hr 

as the velocity of the water. is greater than mortality immediately following the tests. 

The general relationship between swimming performance, 

DISCUSSION
water velocity, and fish length is shown in Fig. 9. At

tainment of the 90% level of success for 6 min depends on Our tests and those of other investigators have demon
velocities ranging from 0.06 m/sec (0.2 ft/sec) for 12 to strated that swimming performance varies directly with fish 
lS-mm bass to less than 0.21 m/sec (0.7 ft/sec) for bass length and inversely with water velocity. A comparison of 
greater than 35 mm. our results will, in most cases, show that the performance 

The general relationship between impingement tolerance, of fish in these tests is somewhat lower than the results 

velocity and size is seen from Fig. 10 for bass between 20 obtained by other investigators. Most of the difference 
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can be ascribed to differences in the holding and testing 

procedures and facilities. 
We were able to demonstrate substantial differences in 

the level of performance simply by altering the holding and 
handling techniques and test facilities. For example, we 
were able to increase performance up to 30% for small 
salmon simply by changing the 24-hr pretest holding envir
onment. We changed from screened buckets held in a cir
culating water bath to holding the fish in a series of 
compartments in a sinuous trough supplied with running 
water. We assume the latter situation kept the fish in a 
more exercised and naturally oriented condition with re
spect to current. Although the screens on the buckets 

allowed for adequate aeration and replacement of the water, 

they contained a large area of essentially dead water near 
the bottom. This condition apparently did not require the 
fish to exercise continuously. We observed that fish in 
the trough regularly oriented themselves into the current, 
whereas those in the buckets simply swam at random. We 
assumed that the trough best simulated the conditions that 
the fish would encounter in a stream and at a fish screen. 
Hence, we changed our holding facilities to provide the 
continuous current. 

We also observed differences in performance from year 
to year that were significant among the smaller fish. For 
this purpose, we compared fish of the same size from the 
same installation at identical velocities. Performance 
varied as much as 40% or more. Such differences are to be 
expected, but they are pointed out here because they cre
ate real problems in attempting to establish useful cri
teria. The variability caused by such differences affect 
the reliability and treatment of the data. A specific 
test parameter may easily be masked by such gross. differ
ences. 

In 1970 we found that anesthetizing striped bass fry, 
so that they could be measured, resulted in a rather seri
ous bias. In this case the mortality from impingement was 
substantially less with anesthetized fish than withunanes
thetized fish. The results apparently depend upon the 
elapsed time between anesthetization and testing. We were 
unable to establish any significant difference between 
salmon anesthetized 24 hr before testing and a control 
group. Consequently, we anesthetized our salmon before 
measuring them, but this was always done 24 hr or more be
fore testing them. 

Another matter that should be given increasing atten
tion is the test chamber itself. Most investigators have 
used a cylindrical tube of some type or other. Usually 
these have been over 0.31 m (1 ft) in length. Our initial 
unit contained a test chamber over 0.92 m (3 ft) long. Due 
to the difficulty of removing fish and to the stress in
duced in removing them, we designed a chamber that was 
simply a 10.2-cm (4-in.) extension of the Plexiglas tube. 

KING SALMON - Length 38-39 mm ,,-- / 
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FIG. 12. Comparative performance of 38 to 39-mm king 
salmon fry tested in 10.2-cm (4-in,) cannister and 1.5~m 
(5-ft) velocity tube at 0.18 m/sec (0.6 ft/sec). 

[ 
Upon comparin.g the res'ults of the 10.2-cm (4-in.) test 
chamber with the longer chamber, we found that the short 
chamber generally resulted in poorer per~ormance. Figure 
12 shows the results for 38 to 39-mm salmon. There is a 
difference of more than 30% for the 6-min test period. 

There is an obvious need to standardize test proce
dures and facilities if we expect to compare results among 
investigators. Standard procedures appear particularly 
relevant where the consequences may involve SUbstantial L 
costs or result in inadequate protection of the resource 
for overdesigned or underdesigned facilities, respectively. 

The case of test chamber design may be used to illus
trate the point. In our case, we are attempting to devel
op realistic design criteria for a very large fish screen 
installation. Figure 12 shows a difference of more than 
30% between the two test chambers in the performance of 38 
to 39-mm king salmon at a velocity of 0.18 m/sec (0.6 
ft/sec). If we were to accept a performance level of 80%, 
based on the long tube, we could design a facility 
having a maximum velocity of 0.18 m/sec (0.6 ft/sec) and 
an exposure time of at least 6 min. With the short tube, 
the same performance level would probably require a reduc L 
tion in velocity and/or exposure time. Reference to Figs. 
3 and 5 suggests that the velocity may need to be reduced 
from 0.18 to 0.15 m/sec (0.6 to 0.5 ft/sec) to achieve the 
same level of performance. This would necessitate a 20% 
increase in the screen structure. Considering the poten
tial consequences, it is apparent that we must decide which 
results are most appropriate to our situation. 

In the longer test module, it'was apparent that the 
fish were able to find areas of reduced veloci,ty. They L~
were observed to move upstream, drift back, and often as
sume a relatively ~table position, usually along the bottom 
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of the tube. Such a condition may be presumed to be more 1. 	 To verify the extent to which the installation 
met the original design criteria.similar to the natural environment of a free flowing stream / 

2. 	 To develop operating criteria for the installai nhabi ted by downstream mi grant fi sh. A 1 thoughfi sh may"-- tion. 
passively move downstream with the flow of water at a given 3. To' assess the applicability of the louver con
velocity, they nevertheless have substantial opportunity cept to the proposed Peripheral Canal. 
for lateral movement to 'avoid obstacles and to take advan
tage of irregularities in the flow pattern. 

Fish tested in the short module were required to exert 

themselves much more to maintain a free swimming position 
and avoid impingement. This condition may be more typical 
of the situation fish would encounter in approaching a 

fish screen. 
The short module, due to the screen immediately in 

front of it presumably provides a more uniform velocity, 

profile to the fish than the long test tube. Thus, the 
short test module obviously provides a better measure of 
the maximum swimming performance of fish than the long 

module. 

assume therefore, that the short test module yields 
design data that are somewhat more restrictive than may be 
necessary in the natural environment, but I also feel it 

is a better meas ure of conditi ons a fi s h wi 11 encounter at 
a fish screen. A significant factor in its favor, at 
least from the biologist's point of view, is that it prob

ably provides a realistic "built-in" margin of safety which 
the long tube does not. 

The above arguments of course would become moot if the 
test module provides fully uniform velocity conditions ir 
respective of length or shape. The results of our studies 
suggest that it is feasible to employ impingement screen 
concepts, ,even for the eggs and larvae of some fish. How
ever, practical application of the idea would necessitate 
careful design in terms of allowable velocities and length 
of impingement. As a general observation, solutions to 
the problem of screening planktonic and immature forms of 
aqua ti c 1 ife will requi re much more 'i nnovati on and effort. 
For example, preliminary studies, performed at our request, 
indicate that a filter bed having a matrix of uniform par
ticle size may be promising. We need much more fundamen

tal knowledge about hydraulic patterns and fish behavior 
to aid in the location and designs of intakes to minimize 
entrainment. Finally, I believe, one of the most impor
tant and profitable areas for future effort lies in the 
investigation of the behavior of aquatic organisms and 
associated physiological mechanisms. For example, know
ledge that a zoop1ankter responds to light could be ex
tremely helpful in designing a facility to preclude en
trainment. 

PART I I 

A FUNCTIONAL EVALUATION OF A LARGE LOUVER FACILITY 

We undertook a 2-y~ar evaluation of the State's Delta 
Fish Protective Faci1 ity for the following purposes: 

Description of the Delta Fish Protective Facility 

The Delta Fish Protective Facility is a large louver' 

facility which was completed in 1968. Its present capa
city is 170 m3/sec (6000 ft 3/sec) with provision for 283 
m3/sec (10,000 ft 3/sec) ultimately. The basic design is 
patterned after the neighboring federal Tracy Fish Collec
ting Facility which preceded the state facility by 12 or 

so years. However, several significant features were in
corporated:)~to the state facility. A general layout of 
the primary; system is shown in Fig. 13. 

The 	 moi.i: significant differences include: 
1. 	 A 3'.6 X 107 m3 (2.9 X 104acre-foot) forebay into 

which water is admitted on flood tides only rather 
than by direct diversion from Old River, the na
tural channel on which both the state and federal 
intake systems are located. The forebay was con

, s tructed to permi t off-peak pumpi n9. However, i t 

serves to eliminate the velocity fluctuations 
which would otherwise occur because of tidal in

fluence. 
2. 	 A sawtooth or Vee arrangement of the louvers in

stead of a single oblique line across the channel. 
3. 	 Di vi s i on of the intake channel into a series of 

bays with control gates. This feature permits 
the regulation of channel approach velocity when 

the installation is not operating at peak capa
city. 

4. 	 A center or guide wall in one bay which bisects 

the Vee louver arrangement. 
Each functional primary bay is 12.2 m (40 ft) wide 

and 7.6 m (25 ft) deep, although the bay with the center 

wall is again reduced to two channels, each 6.1 m (20 ft) 
wide. The louvers lead directly into 30.S-cm (12-in.) 
wide bypasses at their apex. The bypasses extend the full 
depth of the channel. However, due to extension of the 
terminal end of the centerwa11 to the very entrance of the 
bypass in the bisected bay, the bypass is effectively re
duced to 15.2 cm (6 in.) for each half of the bay. 

Each louver panel is 2.4m (8 ft) in length by 4' m 
(13 ft) in depth. The panels are stacked two deep, to 
extend the full depth of the channel. Each line of lou
vers crosses the channel at 15 degrees to the flow. The 
louver slats are 2.5 cm ,(1 in.) apart and at 90 degrees 
to the flow. Each ei ghth louver is curved and extends 
behind the panel to form a flow straightener. The primary 
bypasses undergo immediate transition to 122-cm (48-in.) 
circular pipes leading through a system of control values 
to the'secondary channel. Here the pipes undergo retran
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FIG. 13. A schematic of the primary system. 

sition to 1.5- X3.1-m (5- X10-ft) rectangu1ar.conduits 
as they enter the secondary where they discharge side by 

si de. 

The secondary louvers further concentrate the fish. 
Those which are louvered are bypassed to the holding tank 
building where they are held until a sufficient number has 
been coll ected to be hauled away by truck to the release 
sites. The excess water in the secondary channel collects 
in a sump where it is pumped back into the intake channel 
ahead of the primary louver system. To minimize the amount 

hoi st I 
bypass nets 

conduit 

L_ 

DELTA FISH PROTECTIVE FACILITY 

EVALUATION TESTING AND 
FISH COLLECTING FEATURES 

PLAN 

L 
of debris and detritus in the holding tanks, clean, 

screened water is injected into the secondary bypass system, 


Test Facilities and Features 

It is not possible here to describe the details of the 
testing equipment nor the assumptions and methods of the 
study. Hence, I will only describe the most essential fea
tures. In order to determine the proportions of fish suc
cessfully louvered and those which failed to be louvered, I 

we used fine mesh nets to capture the fish. Nets were hung L.; 
from a specially designed frame and hoist system to capture' 

r, . 



thoseenteri ng the secondary system from the pri mary by
passes. Six large nets, each 2.8 X 3.1 m (9 X 10 ft) at 

the mouth and 19.2 m (63 ft) in length were hung from a 

single frame to collect fish .which were not successfully 
deflected by the primary louvers. The net frame was raised 
and lowered from a 10-ton hoist mounted on a large gantry. 

Only one line of louvers was tested in each of the two pri 
mary channels. The secondary louvers consist of a single 
line crossing the channel at 15 degrees to the flow. The 

lS.2-cm (6-in.) bypass is located at the downstream end. 
To test the secondary system, a large net of the same size 
mesh was suspended from a hoist situated behind the secon
dary louvers to capture fish which passed through the lou
vers. Fish which were successfully deflected were collect
ed in a selected tank in the holding tank building. 

All 	 nets were specifically designed for the evaluation 

program, taking into consideration the volume of water to be 
passed, its velocity and debris conditions. The nets were 
fabricated from Marion Textiles pattern 281 nylon bobbinet 
because of its unusual strength and durability. The open
ings of the mesh were approximately 2.5 mm X 2 mm, but more 
e1iptica1 than rectangular in shape. In the primary system, 

the nets had to be capable of handling a total of 43 m3/sec 
(1500 ft 3/sec) [7.1 m3/sec (250 ft 3/sec) in each of the six 
nets] in each bay. I n the secondary system the maximum ca

pacity was on the order of 6.8 m3/sec (240 ft3/sec) or 1.7 
m3/sec (60 ft 3/sec) in each of the primary bypass nets. Two 

work platforms, each about 4.9 m (16 ft) square with a 
center wel" were specially designed and constructed to· 
handle the primary·test nets. Each platform was equipped 
with pneumatic winches to raise and lower the cod ends of 

the nets. 

Test Parameters 

Some of the parameters we tested included the following: 
1. 	 Effect of the center walZ (divided versus undivi

ded sawtooth array). 

2. 	 Approaah veloaity. Because of the variability in 
a functioning system, and to simplify analytical 
procedures, we established the following ranges of 
channel approach water velocities for both the 

primary and secondary systems: 0.46 to 0.61 m/sec 
(l.S to 2.0 ft/sec); 0.61 to 0.76 m/sec (2.0 to 
2.5 ft/sec); 0.76 to 0.91 m/sec (2.S to 3.0 ft/sec)i 
and 0.91 to 1.07 m/sec (3.0 to 3.5 ft/sec). 

3. 	 Bypass acaeleration ratio. This parameter is de
fined as the ratio of the water velocity entering 
the bypass to the channel approa~h water velocity. 
We esta.bl ished the foll owing ranges for bypass ac

celeration ratio: 1.2:1.33; 1.34:1.47; 1.48:1.60. 
4. 	 Night versus day effiaienay. 

5. 	 Valid test. In order for a test to be considered 
valid, we required a minimum of three replicates 

of at least 10 fish. 
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Methods and Analytical Procedures 

Here again it is not possible to go into detail. 
J.-~

/ 
The salmon tests usually required from 0.5 to 1 hr to 

obtain a valid sample. For striped bass, the sampling time 
vari ed from 5 to 15 mi n. At the peak of thei r abundance, 
several thousands of fish were taken in a S-min sample. 

When the numbers of fish were very large it was necessary 
to reduce them to aliquot portions. Special lattice work 
trays were designed for this purpose and the samples were 

properly weighted to account for this procedure. 
Because of the critical nature of the relationship be

tween fish length and louver efficiency the smallest fish 

(S to 15 mm) were measured and segregated into 2.S-mm class 
intervals. 41ass intervals were graduated as fish size 
increased untt' the largest fish (SO to 100 mm) were 
placed in 2S-rnm intervals. These intervals were determined 

. ' .. 
statistically.~- Analysis of variance procedures were then 
used to determine how each size class was to be treated in 
relation to each test parameter. Where these procedures 

indicated no statistical difference between size classes 
in relation to a specific test parameter, the size classes 
were comb i-ned. 

Because the primary and secondary systems work in 
series, the efficiency of the installation is the product of 
the effi ci enci es of both sys tems. For examp 1e, if the pri 

mary system saves 80% of the fish approaching it and these 
fish are then subjected to the secondary system where 90% 

are saved, then the combined efficiency is 0.80 X 0.90 or 

72%. Efficiency as a percentage as we have used it is de
fined as follows: 

B H B H
Primary =L+B; Secondary = Z+H; Combined L+B' l+H 

where B is the number of fish taken in the pri mary bypass 
nets; L is the number of fish taken in the primary louver 
nets; H is the number of fish taken in the secondary ho 1 d
ing tan k and; Z is the number of fish taken in the second
ary louver net. 

The numerator is the number of fish that were success
fully louvered into the bypasses, and the denominator is the 
total number of fish approaching the louvers. The denomi
nator consists of the sum of those successfully louvered 
plus those which went through the louvers (unsuccessful). 

The net efficiency of the installation (En) can be 
defined as: 

where E is the summation of size classes i to n; P is the 
primary efficiency of each size class; S is the secondary 
efficiency of each size class; F is the fraction of fish 
in each size class relative to the total population of fish 

entering the installation. 

http:1.48:1.60
http:1.34:1.47
http:1.2:1.33
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Louver Theory 

No one has yet explained the underlying cause and 

effect relationships associated with louvers. We know they 

can be effective in deflecting fish. Our work has clearly 
established that their efficiency is related to the size of 

fish, and consequently to their swimming capabilities and 
physiological senses. 

Bates and Vinsonhaler defined the relationship Vs = Va 

Sin g where Vs is the required swimming speed of the fish; 
Va is the channel approach velocity and; 9 is the angle of 

the louvers to the flow. These relationships are shown in 
Fig. 14 for a louver array at an angle of 11.5 degrees. 
This relationship suggests that, given the swimming speed of 
a fish and a design approach velocity, the angle of the 
louvers can be established. Similarly, both the approach 

velocity and the angle of the louver array can be compro
mised in design to obtain the greatest flexibility if 
the installation must accommodate fish of varying swimming 
capabil ities. 

A 
8=11.5° 

Va = Approach velocity of flow in feet per second 
Vs = Swimm ing speed of fish in feet per second 
V = Resultant movement af fish in feet per second 
e = Angle af the line af louvers 

FIG. 14. Diagram showing angle of louvers and vectors of 
force in flow and fish movement. 

1'

I 
As a consequence of this relationship, it has been I 

L 
assu~d that if a fish swims at Vs he will avoid being 
carried through the louvers. At the same time, the vector 

v, parallel to the line of louvers, will move the fish down rstream toward the bypass. The time required to reach the 
bypass (the resultant) can similarly be calculated. It 

should be emphasized here that the above theory is simply an 

extension of trigonometric relationships. We hope that our 
program will ascertain the validity of these relationships 

with fish. Obviously, the presence of the screen structure 
itself is of some consequence. [ 

RESULTS 

•. King SaLmon 

Sal mon were :tested from March to June of both 1970 and 
1971. The first year approximately 8300 downstream mi
grants, ranging in size from less than 50 mm to about 150 
mm, were tested. In 1971 only 3700 salmon were involved 
and these fish were more restricted in size (50 to 100 mm). 
In 1970, the efficiency of independent primary tests ranged 

from 60 to 100%. Secondary louver efficiency was generally 
greater than 90%. For some, as yet unexplained,. reason, 
fish from 100 to 125 mm were louvered less efficiently in 
the primary than smaller and larger fish. In the secondary 

system, efficiency was directly related to size. It is as
sumed therefore, that the lower efficiency of the 100 to 

125 mm fish was a result of functional problems in the sys
tem and is not characteristic of the fish. In 1971 primary 

l..efficiency ranged from 85 to about 97% for fish 50 to 100 
mm in length. Since 100 to 125-mm fish did not occur we 

could not verify the 1970 observation. The combined effi
ciency for salmon ranged from 65 to 84% in 1970 and from 
84 to 90% in 1971. We are somewhat at a loss to explain 
the better overall results in the second year. We do know [1that the operators were better able to attain and maintain j 

the test parameters in 1971. 
Figure 15 depicts the relationships described above. 

The net efficiency of the installation (for king salmon in 
this case) is the last point on the cumUlative efficiency 
curve. This curve permits an assessment of the relative 
value of a system for each size class of fish and their 
relationship to the total efficiency of the system. In 
this particular case, the curves for combined efficiency 

and cumUlative efficiency were depressed by the low effi
ciency of laO to 125-mm salmon. We concluded that efficien
cy is related to the 1 ength of the fish but that the i mpor
tance of the relationship declines as the length of the 
fish increases. Similarly, velocity is much more signifi
cant for the smaller salmon. Obviously, these two vari
ables are interrelated. As a fish grows, its swimming per i 
formance increases and velocity becomes less critical. L 
This relationship is true of the other species also. 
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FIG. 15. Louver efficiency of the Delta Fish Protective Facility for king salmon (data for 1970-71 combined). 

Striped Bass 
Over 1.3 million striped bass were involved in our 

tests during the 2 years of the study. These fish occur in 
abundance at the facility from June through August. The 
size of fish in these tests ranged from 5 to 125 mm. Be
cause of the importance of size,we examined the size
frequency qistribution of fish entering each of the two 
primary bays in order to assist in evaluating potential 
differences between bays (Fig. 16). The examination re

vealed a comparatively higher proportion of small fish in 
Bay B and a comparatively higher proportion of large fish 
in Bay A. This observation could have resulted from a 
chronological bias in testing between bays; for example, 
favoring Bay B tests in the early part of the season while 
the smallest bass were abundant and/or favoring Bay A later 

when the fish were larger. However, a review of the data 
indicated there was not sufficient bias of this nature to 
account for the results observed. The distribution ob
served appears to be real, suggesting that the larger ju
veniles show a preference for the channel nearest the shore. 

Fish Length 

Efficiency was positively related to size in the pri 
mary system. Efficiency increased rapidly with size up to 
about 25 mm and thereafter the rate of increase decreased. 

The general relationship is shown in Fig. 17. Secondary 
efficiency was similar but better in relation to size. 

CenteruaH 

The bay with the centerwall (A) was clearly superior 
to the bay without it (8) (Fig. 17). Presumably, the fish 



• • 

240 	 JOHN E. SKINNER 
I 
I30 L 

/
.' ---'"! 	

I~\\25 

---
PRIMARY BAY A 

PRIMARY BAY B 
_._-- SECONDARY 


>-	 f' 
20 	 -'\.u 

Z 
..... 
:> / 	 L 
0 
..... 	 I 
0: 	 I

1 	 J\ \..... 15 	 r 
!I \ 	 ! 

f""" 	 / --;\Z 
..... 
u 	 / \\
a:: 	 ':\ 
..... I 	 ;". - \ 
0.. 	 v/J \I10 r----. 

/' i/ 	 \ 
\II 	 F' 

/' 

jI ~\ 	 ~.. 
5 	

I 

~ 
~ .- .I_.-	 \t 

"-

I 

"\
/" ...... 
~ • I 

Io ..,0 	 0 0 0 0 0 0 0 0 0 0 

'? ~ ~ ~ N 
0 0'" '" c:i '" N V 

0 
on "'.... 0 	 r"

I1\ 1\ 1\ 1\ 1\ '" 1\ 1\ 
~ '" ~ 1\ 1\ 1\ 1\ 1\ 1\ 1\ 

FI SH LENGTH IN MILLI METERS 

FIG. 16. Length frequency distribution of striped bass tested. 
l .. 

100 

[90 

• 
eo • 0 

00 

• 

• 	

[} 
70>-

• 
0 

u 
Z 
.....- 60 • 
u •- 0 

..... 

..... 

..... 50 


0 
""" z L..... 40 0u 
a:: 0 
..... o c· 
0.. 30 

• 
0 

20 

• Boy A With Center Wall 

a Boy B without Center Wali 
10 

• 
o 

o 10 20 30 40 50 60 70 80 90 100 	 i 
L.

FISH LENGTH IN MILLIMETERS 

FIG. 17. Efficiency of primary louvers in'relation to the length of striped bass. 



.' . 

Evaluation of a large louver screen insta7.7.ation 241 

are inclined to search for areas of lower velocity which Entry into Secondary 

are offered by the sides of a channel or, in this case, the At the Delta Fish Protective Facility, fish from the 
/

centerwa11 . " --two pri ma ry bypasses are di scharged into the secondary 

Approach Velocity 

As expected, there was an inverse relationship between 

efficiency and channel approach water velocity. This was 
apparent in the primary system where the composite ,results 
of all tests indicated a difference of up to 30% between 
the lowest and highest velocity ranges [0.46 to 0.61 versus 

0.91 to 1.07 m/sec (1.5 to 2.0 versus 3.0 to 3.5 ft/sec)]. 
The difference was even greater in the bay withou,t the 
centerwall. 

Since conditions in the secondary system could be con
trolled better than those in the primary system the results 
were examined in greater detail to determine the relation

ship between efficiency and velocity (Fig. 18). The re
sults clearly demonstrate that the lower velocities were 
the most favorable, at least for striped bass less than 30 
mm in length. However, these results, for reasons that 
follow, are probably biased downward for fish less than 20 
mm in length. A comparison of the velocity-efficiency re
lationship between the primary and secondary systems re
vealed a discrepancy for fish less than 20 mm in length 
(Fig. 19). The composite results for the two systems 
indicate that the primary system was the most efficient 

for fish less than 20 IlTll. This result was quite at odds 
with our intuitive expectations, particularly since condi
tions in the secondary can be controlled so much better. 

After a thorough search for mechanisms that could have 

caused the discrepancy, I have tentatively concluded that 
a sUbstantial proportion of the fish less than 20 mm in 
1 ength escaped through the cyli.nder screen of the hol di ng 
tank which received those fish successfully deflected by 
the secondary louvers. At all other points where fish were 

captured, nets of identical size mesh' were used. In d~

signing our test program we overlooked the possibility that 
the terminal holding facility might l,ose fish. Later in
vestigation established the fact that the openings in the 
cylinder screens are about 7.5 square mm compared to 4.5 
square mm for the openings in our nets. Figure 19 shows a 

definite loss of fish less than 20 mm in the secondary sys
tem, as compared to the primary system. Since the results 
are consistent for both primary bays and both points of 
entry into the secondary system, I believe they represent 
a true deficiency in the system. The obvious consequence 
is that the louvers are more efficient for these small fish 
than the resul ts ; nd; cate. In compari ng the primary and 
secondary systems, the secondary results show a definite 
downward bias for fish less than 20 mm. Put another way, 
the cylinder screens are a limiting factor in the efficien
cy of louvers for this size striped bass. The management 
implication is obvious. The cylinder screens in the hold

ing tanks should be redesigned to retain the fish salvaged 

by the louvers. 

system separately from side-by-side rectangular conduits. 

To complicate matters, the transition length from the 

point of discharge to the louvers is relatively short. As 
a con.sequence, fi s h di scha rged from the conduit on the 

same side as the bypass may only negotiate one-half the 
length of the louver. Those discharged from the other 

conduit, on the side opposite the bypass, not only confront 
the louvers sooner but also need to traverse a greater 
length of louver to reach the bypass. Our tests showed 
that fish discharged on the bypass side had a definite 
advantage ove,r those discharged on the opposite side. The 

difference ra.:nged from less than 5 to nearly 50%, depend

ing on size (K!g. 20). Here also, it appears that effi
ciency can beJmproved by changes in design. 

Bypass Acceleration Ratio 

Bypass acceleration ratio is defined as the ratio of 
the velocity of water entering the bypass to the channel 
approach water velocity. Our tests to determine the effect 
of bypass ratio on effi ci ency were not very rewarding in 
terms of defi ni ti ve criteri a. In the bay with the center

wall, there was not a great deal of difference among bypass 
ratios, although ratios between 1.34 and 1.47 appeared to 

be best. In the bay without the centerwall, bypass ratios 

greater than 1.48 were best with ratios from 1.34 to 1.47 
being the worst. Because the results at bypass ratios 
from 1.34 to 1.47 were generally contradictory between the 
two bays, we were unable to assess the true effect of by
pass ratios. We were unable to detect a consistent rela
tionship between secondary efficiency and bypass ratio. 
Efficiency varied widely among bypass ratios but there was 
no statistically significant difference between ratios. 

Although bypass acceleration ratio may be important, my 
analysis of results here and elsewhere leads me to con
clude that other design features may need to be resolved 
before the effect of bypass ratio can be assessed properly. 

Authorities generally agree that bypass design is 
critical for fish screens. This appears to be particular
ly true for louvers. Conventional louver design usually 
results in an incremental increase in approach water velo
city which distorts the relationship between bypass ratio 
and the approach velocity. At this point I am convinced 
that approach velocity, bypass design and bypass accelera
tion ratio are so interrelated that the true effects of 
bypass ratio and approach velocity are confounded. 
Ducharme (1972), for example, observed that the relation
ship between approach velocity and efficiency was changed 
from a definitely negative to a slightly positive rela
tionship simply by changing the bypass design. 

Secondary Screened Water Ratio 

The natural water passing through the fish facility 
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normally carries a heavy load of debris, particularly fi 
brous, vegetative material commonly called peat moss. To 
reduce the load of such material in the fish holding tanks 
an auxiliary water supply system injects clean screened 
water into the secondary bypass. Our program revealed 
that if the rate at which this screened water was injected 
into the bypass exceeded the approach water velocity in 
the secondary channel, efficiency was reduced (Fig. 21). 

At higher velocities apparently, the screened water de
[j 

flects fish back toward and through the louver. As a re
sult, we have recommended that the velocity of the 
screened water never exceed the approach velocity. This 
is another problem that should be considered in the design 
of a louver installation. 
Die Z Effiaienay 

I 

I 
"-.. 

At velocities less than 0.76 m/sec (2.5 ft/sec) there 
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FIG. 19. Comparison of primary and secondary louver efficiency for striped bass at 0.46 to ·0.61 m/sec (1.5 to 2.0 ft/sec). 

was no apparent difference between night and daytime effi 
ciencies among tests at various velocities. However, when 
the data were combined, efficiency was slightly superior 
at night. At velocities greater than 0.76 m/sec (2.5 

ft/sec) efficiency was definitely better during the day
time. Such factors take on more than academic significance 
when a facility is operated on an off-peak basis to take 
advantage of reduced power costs. We have no definitive 
explanation for the result observed. 

Net Efficiency 

The net efficiency of the Delta Fish Protective Facil 
ity for striped bass for 1970 was about 69%. Figure 22 
shows the length-frequency distribution of fish entering 
the facility, the combined (primary X secondary) efficiency 

and the cumulative efficiency of the facility. An inspec

tion of the cumulative efficiency curve shows that no real 
gain in efficiency occurs until the fish reach 20 to 25 mm 
in length. Although efficiency may be relatively high for 
fish less than this length, they constitute a relatively 
small proportion of the total. This analysis suggests the 
possibility of incorporating a cost-effectiveness approach 
into louver design. 

White Catfish 

More than 87,000 white catfish were involved in our 
tests in 1970. These fish ranged in size from less than 10 
mm to more than 125 mm i nl ength. About 25% were 1 ess than 
25 mm and 50% less than 40 mm in length. 

Fish Length 

Louver efficiency was directly related to length in 
both the primary and secondary systems (Fig. 23). Primary 
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As in the case of striped bass, the centerwall appeared 
to be a distinct advantage (Fig. 23). [:==J ENTRY IN LINE WITH BYPASS 
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FIG. 21. Louver efficiency of striped bass in relation side were louvered more efficiently than those entering the to the screened water ratio and entry into the secondary 
system. opposite side. These results suggest that fish which must 

r 


r 


[, 


L.! 

[ 1 
.j 

[J 

r
! 

~i 

. 

L 



Evatuation of a large wuver soreen instaUation 245 

100 

., .... -	 e---_..-" .. 
I 

........-........ e
80 	 e ........ ~ 
>u 
z 	 .,~' ..., 	 COMBINED EfTlCIENCY ____ ~./ 

D 
(PRIMARY x SECONDARY) Y 	 D 

~ 
t... 
t... 	 ~/...., 60 


t- ./

Z 	 /..., 
U 	 e.' - CUMULATIVE EFFICIENCY 
ct: 	 .I..., 	 (px$xF) 
a. 	

.I40 

.I 
,.i 	 ,;', 

20 	
.I 

/ 

.'./ 
e .,/ 

....::.;..0__ ..:.- 

3.S 8.8 11.3 13.8 16.3 IS.S 22.55 27.55 35.05 45.05 62.55 87.55 112.55 137.5 

MIDPOINT OF SIZE CLASSES (M.M) 

FIG. 	 22. Louver efficiency of the Delta Fish Protective Facility for striped bass (data for 1970). 

100 

CI• 
90 •

CI 

80 	 _L 

• 
>- 70 . 

CIu 
2 

l.LJ 


U 	 60 • v 

u.. 
u.. • 
l.LJ 	 50 . 


C 
t-	

•2 

l.LJ 40 
u •0:: 
l.LJ • c 
a. 	 030 0 LEGEND 

CI • PRIMARY SYSTEM 
0

20 • BAY WITH CENTERWALL 
CI 0 BAY WITHOuT CENTERWALL• 0• 	 SECONDARy SYSTEM 10 

Cle 0 ENTRY ON BYPASS SIDE·1iI 	 0 • 
.0 0 0 ENTRy OPPOSITE BYPASS 
0o 

o 10 20 30 40 50 60 70 80 90 100 

FISH LENGTH IN MILLIMETERS 

FI.G. 23. Primary and secondary louver efficiency of white catfish in relation to size. 



246 JOHN E. SKINNER 

traverse the line of louvers are at a disadvantage. How

ever, the point of entry into the secondary was not as im
portant for catfish as it was for striped bass. 

Die l Efficiency 

In general, catfish response was similar to'striped 
bass with respect to night and daytime guiding efficiency. 
Efficiency was greatest during the daytime when velocity 
exceeded 0.76 m/sec (2.5 ft/sec). The data indicate that 
efficiency at night decreases more rapidly than daytime 
efficiency under comparable increases in approach velocity. 

Net Efficiency 

Figure 24 shows the combined efficiency and cumulative 
efficiency for white catfish as well as the length-fre
quency distribution of catfish entering the Delta Fish Pro
tective Facil ity. Even though efficiency reaches a respect
able level for the larger fish the net efficiency (last 
point on cumulative efficiency curve) of the facility for 

white catfish was only 22%. Ten percent efficiency is not 
attained until 35- to 40-mm fish are encountered. This 
result is due to the combination of poor efficiency of 
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small fish in the primary system and the large proportion 

of ,mall fish. These results suggest that either louvers 
"~e not a good concept for white catfish, or the operation 

of the louvers may need to undergo substantial modification 
in order to salvage this species. The good results ob
tained in the secondary system favor the latter because it 
indicates louvers have reasonably good potential to salvage 
catfish. 

Some General Observations About Louvers 

Louver Alignment 

Following construction of the Delta Fish Protective 
Facility, many of us were concerned about gaps of several 
inches between.louver panels and the misalignment of adja
cent louver se~tions. It was assumed these construction 
deficiencies df~torted the flow pattern along the line of 
louvers and wou1'd therefore reduce efficiency. To assess 
the effect of louver alignment on efficiency, we undertook 

a study program using the secondary system in which the 
louvers could be more readily adjusted. Figure 25 shows 

the seven basic configurations we tested. The numbers in
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FIG. 24. Louver efficiency fo the Delta Fish Protective Facility for white catfish (data for 1970). 
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LOUVER ALIGNMENT STUDY 

Louvers Misaligned with Upstream Edge of Panels Protruding 

Perfect 
Alignment -- (Control) 

Downstream Two 
Louver Panels ___1-
Misaligned -
All Lauver 
Panel s #3 Misaligned 

I ::::==
Upstream Two

1/4 Louver Panels 
Misel igned 

1.9 Top Displocemen' in inches 
i.O BoHom Displccemenl in Inches 

Louvers Misaligned with Downstream Edge of Panels Protrud ing 

Downstream 
#5 :!..----	 Louver Pane!_ I --. -- Only Misaligned 

All Louver 
116 	 Panels 

Misaligned-
Upstream Two 
Louver Penels 
M(soligned 

'IG. 	25. Louver alignment configuration. 

dicate the amount of lateral displacement achieved relative 

to the adjacent panel. 
We ran tests at several velocities involving more 

than 800,000 striped bass. However, to simplify the re
sults I will only show those obtained at 0.53 m/sec (1.75 
ft/sec). The results were quite startling (Fig. 26). For 
fish less than 30 mm in length the conditions tested re
sulted in slightly superior efficiencies than the control 
situation (perfect alignment). The best results were 
achieved when the downstream ends of the panels were de
flected toward the bypass. We concluded, therefore, that 
louver alignment and gaps are probably not critical with 
the range of misalignment we tested. 

Approaoh VeLocity and Fish Length 

It is apparent from our tes ts that even very small 
fish can be guided quite well, given the proper conditions. 
The relationship between fish length and approach velocity 
is critical. Our tests indicate that the smallest fish 
achieved the highest efficiency at the lowest velocities. 
Although we tested very small fish our te~t design did not 
include velocities less than 0.31 m/sec (1.0 ft/sec). It 

is probable that higher efficiencies can be achieved at 
velocities less than 0.31 m/sec (1.0 ft/sec). In light of 
the critical relationship between efficiency and approach 
velocity at least two matters are paramount to louver de
sign. First, it is essential to know the sizes of fish 
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encountered and their swimming capabilities. Secondly, it 

is necessary to design the facility with sufficient capa
/city and-adequate control structures to provide rigid vel

ocity control. 

Facility Design 

Our observations suggest that louvers have immense 
potential but a great deal more research and development 
;s necessary to perfect them.. Perhaps those matters re
qui ri ng mos t urgent attenti on are the fo 11 owi ng: 

1. 	 Hydraulic and related biological studies on bypass 

design including the terminal louver sections in 
the vicinity of the bypass. 

2. 	 Hydraulic and related model studies to develop a 
channe 1 des ign whi ch wi 11 provi de a uni form chan

nel approac~(veloCity. 
3. 	 Studi es to e~,~luate the effect of prelouver de

flectors and'·:louver array configurations. 

4. 	 Biological and physiological studies to determine 
the effective guidance mechanisms of fishes and 
the age at which such mechanisms become function

al. 
5. 	 Further research to determine the transitional 

length of channel required between the louvers and 
such upstream facilities as trashracks and control 

structures. 

6. 	 Additional research and development on the dis
charge and bypasses of secondary systems including 
the injection of screened water. 

7. 	 Additional research on holding facilities to mini
mize physical injury, improve .water conditions and 
minimize losses from the system. 
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