RESEARCH ON FISHWAY PROBLEMS
MAY 1960 TO APRIL 1965

Joseph R, Gauléy, Charles R. Weaver and Clark S. Thompson
‘U. S. Bureau of Commercial Fisheries

- INTRODUCTION

The increasing number of water use projects in the Columbia River
system poses a constant threat to the anadromous fishery resource by ob-
structing the natural migratory routes of these fish, Fish passage facil=-
ities are normally provided in these circumstances, and considerable
planning is often necessary to achieve the safest and most efficient
conditions for fish. 1In line with these needs, the U. S. Army Corps of
Engineers has sponsored a program of fisheries engineering research to
secure design criteria for such structures.

The Fisheries-Engineering Research Laboratory at Bonneville Dam was
completed as a part of the above program and has been operated continu-
ally since 1955 by the Bureau of Commercial Fisheries under contract to
the Corps. The primary aim of research at Bonneville has been to provide
basic knowledge of the behavior, abilities and requirements of fish in
.fish passage situations. Major emphasis has centered on seeking means .of
reducing the cost of fish passage facilities without impairing their ef~
ficiency. The laboratory has contributed materially to fishway design
criteria in several areas, resulting in major savings in construction and
operational costs. This report summarizes research conducted during the
second 5-year period (May 1960-April 1965) of operation.

INVESTIGATIONS

1. FISHWAY SLOPE

Discussion .

Earlier studies on fishway slopes at the Fisheries-Engineering Re-~
search Laboratory demonstrated that a slope steeper than l-on-16 was suit-
able for fish passage if proper hydraulic conditions were maintained. This
work led to further development and testing by the Corps of Engineers Hy-
draulic Laboratory and ultimately resulted in the design of the l-on-~10
slope ladder for Ice Harbor Dam on the Snake River. Evolution of this lad-
der initially included development of suitable hydraulic conditions by
model studies at the Hydraulic Laboratory. This was followed by study of
fish passage in a full scale 6-pool section of the ladder in the Fisheries-
Engineering Research Laboratory. The final stage was reached when the
prototype ladder was tested during its first year of operation at Ice Harbor
Dam.
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The new l-on-10 slope fishway is a pool-and-overfall type with sub-
merged orifices, flow stabilizers and a non-overfall section in the mid-
dle of each weir (Fig. 1). There is a l-foot rise between pools, and
average water depth under normal operating conditions is 6.5 feet. The
fishway tested in the laboratory was constructed of wood so that it could
be modified to produce a variety of test conditionms.

a. Laboratory Evaluation. Performance and behavior of chinook
salmon (Oncorhynchus tshawytscha), sockeye salmon (Oncorhynchus nerka),
coho salmon (Oncorhynchus kisutch), and steelhead trout (Salmo gaird-
neri) were evaluated under normal operating conditions of the fishway.
Tests were also conducted with a half-width fishway (Fig. 2), orifice
flows only (non-overfall flow), overfall flow only, and higher than
normal flow. Three welr crest designs--McNary type, The Dalles type,
and plane-surface ogee type--were tested. Underwater viewing facilities
were provided for observing fish behavior and hydraulics.

Tests were carried out using individual fish in the fishway,
" groups of mixed specles, and capacity type concentrations which were
similar to group releases, but involved larger numbers of fish.

Passage times were obtained to assess performance of fish
ascending the ladder under various operational conditions. A comparison
of passage times of salmonids under half-width and full-width fishway
conditions shows that chinook made significantly faster ascents under the
‘half-width fishway condition than under the full-width condition, but
. that sockeye and steelhead performed about the same under either condition.
Capacity tests:- were conducted in the half-width fishway. Several trials
were run of which the largest group tested in a l-hour period numbered
1,371 fish. However, the numbers of fish available were considered
insufficlent to demonstrate that capacity of the fishway had been
reached. During the passage of these large groups, there was no evidence
that movement of fish was impeded.

In a comparison of welr crests, McNary and plane-surface ogee
crests appeared to improve hydraulic conditions and hasten fish passage
slightly when they were used Iin lieu of a Dalles-type crest specified
in the original design. :

Observations were made on effect of various flow conditions on
the passage of fish. Chinook and steelhead made significantly faster
ascents under an overfall and orifice flow condition when the head on the
welr was increased from 0.95 foot to 1.20 feet. With the orifices closed
both species made significantly slower ascents when the head on weilr
was Increased from 0.95 foot to 1.20 feet, Steelhead and chinook accepted
this condition quite readily and ascended the fishway without difficulty.
Preference for overfall or orifice passage appeared to vary seasonally
with chinook and steelhead, but sockeye favored the overfall. Carp,
suckers and squawfish favored the orifice, and shad the overfall.
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Figure 2. - Ice Harbor Design Fishway Showing
Divider Wall in Center to Produce Half-Width
Condition.
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In brief, the laboratory studies indicated that the 1-on-10
slope fishway would be as suitable for passage of fish as the conventional
l-on-16 slope fishways now in use on the Columbia River. '

b. Field Evaluation. The field evaluation of the 1l-on-10 slope
Ice Harbor design fishway was conducted from May 10 to October 5, 1962,
at Ice Harbor Dam on the Snake River., Fish passage facilities at the v
dam consist of two pool-and-overfall fish ladders: (1) a l-on-16 slope
fishway, 24 feet wide of conventional design (Fig. 3), and (2) a l-on-10
slope fishway 16 feet wide usually referred to as the Ice Harbor design
(Fig. 4).

The objective of thé evaluation was to determine if the new
l1-on-10 slope fishway would satisfactorily and safely pass salmonids over
the dam. This was done by comparing performance of fish ascending the
1-on-10 slope fishway with performance of fish ascending the l-on-16
slope fishway. Criteria employed in comparing performance of fish in
the two ladders included: (1) Proportions of fish successfully nego-

~ tlating comparable sections of the two ladders during a given period;

(2) Rates and patterns of movement through comparable test sections
(same or similar number of pools); and (3) Fallback activity (downstream
passage within the test area). .

Observations were made within a 74-pool test area in each ladder.
Temporary partitions were installed longitudinally throughout the test
area 'dividing each ladder into a test -and bypass side. .Only .the test
side was employed in the study. Count stations installed at several
different elevations within the test area (Fig. 5) provided means of
comparing the performance of fish as they ascended various segments of
the test areas in each ladder.

- Relatively few salmonids failed to complete the test section in
either ladder during the individual test periods. Comparisons of salmonid
passage patterns at count stations encompassing comparable test sections
indicated similar patterns of movement in the l-on-10 slope and l-on-16
slope ladders. Passage times based on the time at which 50 percent of
the salmonids had crossed each counting station indicated that there was
little difference in the rates at which salmonids ascended the entire
test area of the two ladders. Average passage times for the 74-pool
test section were 1.36 minutes per pool in the l-on-~10 slope ladder and
1.41 minutes per pool in the l-on-16 slope ladder. Observations of
fallback (downstream passage) activity of salmonids during the tests
failed to demonstrate any abnormal occurrences in the l-on-10 slope
ladder.

) Incidental observations of the behavior of suckers (Catastomus
Sp.), squawfish (Ptychocheilus oregonensis), and carp (Cyprinus carpio)

revealed their performance in both ladders was characterized by consider-
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Figure 4 - North Shore l-on~10 Slope Fish Ladder
Showing the Timber Divider Wall and Location of
the Five Count Stations., The Uppermost Count
Station (Elevation 433) is Barely Visible at the
Upper Left Corner.
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.

able fallback activity and a much slower rate of passage than salmonids.
There was no indication that these fish encountered more difficulty in

the 1-on-10 slope ladder than in the 1l-on-16 slope ladder.

‘Results

On the basis of preceding results, it was concluded that the l-on-10
slope ladder will provide adequate passage for the number and species of
fish it may be expected to accommodate at Ice Harbor Dam., Since little
difference could be detected between performance of salmonids in the two
ladders, there is no reason to doubt that a 1l-on-10 slope ladder could
pass salmonids as efficiently as a conventional l-on-16 slope ladder
designed to accommodate the same number of fish.

2. DIFFUSION WATER VELOCITY
Discussion

Diffusion water, also termed attraction water or auxiliary water, is
the water flow that is added to a fish passage facility through a floor
or wall diffusor. It is needed to maintaln prescribed flows in the lower
ends of fishways, in fish collection channels, at fishway entrances, and
occasionally in other sections of fishways where depth and width increase.

The presently accepted criteria for gross diffusion water velocities
are 0.25 feet per second (f.p.s.) through a flood diffusor and 0.50 f.p.s.
through a wall diffusor. The primary objective of this study was to
determine the effect of various gross diffusion water velocities on the
passage of salmonids in a transportation channel. If higher velocities
than those presently accepted do not appreciably deter fish passage, then
smaller diffusors could be used in new fishways with a resultant savings
in construction and maintenance costs.

Test facilities consisted of a fish transportation channel into
which auxiliary water was added from either a floor- or wall-type
diffusor. Diffusion water velocities ranged from 0.25 to 1.25 f.p.s.
through the floor diffusor and from 0.25 to 2.00 f.p.s. through the wall
diffusor. The channel was 4 feet wide by 91 feet long exclusive of a
short introductory area (Fig. 6). Water depth was 6 feet, and velocities
upstream of the diffusion area were maintained at approximately 2 f.p.s.
The installation for the floor diffusor was essentially the same for the
wall diffusor (Fig. 7) except that the former discharged up through the
bottom of the channel.

The effect of diffusion water velocity on fish passage was deter-
mined by timing individual fish through the channel (A to B, Fig. 6).
A Latin Square design was used in conducting the experiments with some
variation in design between years.

Median and mean passage times of spring chinook (Table 1) show that
the addition of diffusion water at any velocity through the floor dif-

fusor delayed the passage of fish. This was also true of fall chinook
and steelhead. A comparison of medlan passage times of chinook through

37




SRR RS S S A5

APPROACH CHANNEL—T—

DIFFUSOR CHAMBER—

DIFFUSOR GRATING — |

OBSERVATION CHAMBER —

(3'x 10")

J’* EXCESS WATER

A%

l

A\

DRAIN

A

40

2

INTRODUCTORY AREA

A FISH ENTRY (A)

—| | Ll

6— 6' ENTRANCE FISHWAY

!

V‘

i

—OBSERVATION CHAMBER
(3'x 10") —

51’

FLOW =3

unyl-f-<€¢—1— FISH EXIT (B)

FLOW POOL

||

EXIT FISHWAY

Figure 6 ~ Plan view of experimental area for testing response of
salmonids to gross diffusion water velocities from a wall diffusor.

38




SUPPLY VALVE
Elev.64

i @
§ "
| VALVE STEM '
WATER SURFACE
Q‘ .
i D'GF;}\J?PNRG Elev.53&' OBSERVATION |
o , | L~ CHAMBER
7l Elev.s \ 44—
GATE _|. .
VALVE ;" ', '__3|__’
(OPEN) a-.o :-‘ , \ ) v
0} &: - \
X N TRANSPORTATION CHANNEL
r ™ | piIFFusION
36" SUPPLY PIPE |¢; .'| CHAMBER
E | ] Elev.42 ‘ :?
p L‘. AT ° °‘.
METERING i o
ORIFICE S
o’ -
‘0| _Elev.36 _
A e g T TR

Figure 7 - Sectional view showing wall diffusor, water
supply system and observation chamber.

39




the channel with and without entrained air in the water (Fig. 8) demon-
strated that air had no effect on fish passage. Operation of the dif-
fusor without a grating indicated that this might not be practical as
both chinook and steelhead entered the diffusor opening even when no
water was flowing out.

Table 1 - Mean and Median Passage Times of Chinook Salmon in
a Transportation Channel with Gross Floor Diffusion
Velocities of 0.25 to 1.25 f.p.s., May 2-23, 1961

Gross Mean Median
Diffusion Sample Passage Sample Passage
Velocity Size Time Size Time

F.p.s. Number Minutes Number Minutes

0.00 19 9.9 20 4.1 o
0.25 18 13.2 20 9.7
0.50 17 11.9 20 10.6
0.75 18 17.2 20 15.9
1.00 16 17.4 20 19.4
1.25 16 . 10.3 20 10.4
Results - . - b

Wall diffusor tests were conducted in 1962 using velocities of 0.25,
0.50, 0.75, and 1.00 f.p.s. and in 1963 using velocities of 0.00, 0.50, -
1.00; and 2.00 f.p.s. Passage times of chinook, sockeye and steelhead t
in 1962 under the various diffusion velocities did not differ greatly,
except that passage time increased slightly at the 1.00 f.p.s. velocity.
Passage times of chinook, sockeye and steelhead in 1963 (Table 2) demon-
strated that an increase in passage time occurred as gross velocity
increased. From a practical standpoint, however, there was little
difference in passage times under the velocities tested.

The tests with floor and wall diffusors demonstrated that introduc-
tion of diffusion water at any velocity slowed the passage of salmonids
through the channel, and there was a general tendency for passage times
to increase at the higher velocities. 1t appears, however, that the
standards for floor and wall diffusors (0.25 and 0.50 f.p.s. respectively)
could be increased 100 percent without creating an appreciable delay in
fish passage. i
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Figure 8 - Diffusion area and transportation channel with
air being introduced through the diffusor (bottom) and

without air (top).
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Table 2 - Effect of Wall Diffusion (Gross Velocity 0.00 to 2,00
f.p.s.) on the Passage of Chinook Salmon, Sockeye Salmon
and Steelhead Trout, 1963.

Species Gross v Mean Median
and Diffusion Sample Passage Sample Passage
Date Velocity Size Time Size Time
F.p.s. Number Minutes Number Minutes
Chinook 0.0 238 3.2 239 2.4
0.5 208 4.4 211 3.2
April 15 1.0 139 5.4 143 3.4
"~ to 1.5 146 6.3 151 5.2
May 9 2.0 102 7.8 105 6.8
Sockeye 0.0 172 2.4 172 1.4
0.5 132 3.4 136 1.9
June 18 1.0 130 5.3 131 2.4
to ’ 1.5 137 4.3 142 2.3
July 13 2,0 94 6.3 98 4.6
Steelhead 0.0 188 4.0 189 2.2
0.5 152 5.3 153 2,7
July 4 1.0 ' - 128 5.6 131 2.8
to 1.5 112 5.5 113 3.4
July 20 2.0 108 5.7 111 2.7

3. ATTRACTION OF FISH

Discussion

Studies conducted in 1957 demonstrated that a majority of chinook and
steelhead, when given a choice between channels with a "high" and a "low"

velocity (Fig. 9), would select the channel with the higher velocity.

Additional studies were made in 1961 to examine the response of sockeye
salmon to opposing velocity conditions and to consider the effects of
quantity as well as velocity of the water. Sockeye salmon responded in
the same manner (Table 3) as the chinook and steelhead in the earlier
tests, Ll.e., they generally showed a preference for the higher velocity.
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Velocity and quantity of flow were studied to determine if fish
selecting a higher velocity were responding to velocity or quantity of
flow. Fish were given the choice of entering one of two adjacent channels
(Fig. 10) with contrasting velocities. The high-velocity channel was
restricted in width so that the quantity of flow from this channel was
about the same as that from the low-velocity channel.

Results

The response of chinook and steelhead showed that a majority selected
the high-velocity side (Table 4) even though the discharge was the same
on both sides.

Table 3 - Response of Sockeye Salmon to a Choice in Water Velocitles
Ranging from 2 to 8 f.p.s., June 26-July 10, 1961

Number of Fish

Test Condition Selecting Each Channel
North - 6 f£.p.s. 11
South - 8 f.p.s. 9
North - 8 f.p.s. 19
South - 2 f.p.s. | 1
North - 4 f.p.s. : i 13
South - 4 f.p.s. | " 13
North - 2 f.p.s. 10
South - 2 f.p.s. 10
North - 4 f£.p.s. 4
South - 6 f.p.s. ‘ 16
North - 6 f.p.s. | 5
South ~ 2 f.p.s. ) 2
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Channel on Left has Greatest Quantity and Channel on
Highest Velocity.

Figure 10 - Channels Used in Quantity vs. Velocity Study.
Right,




Table 4 ~ Response of Salmonids to Velocity and Quantity of Flow

in a Choice Situation, 1961,

Number of Fish Selecting Lowl/ and

g::z Highi/ Velocity Channels by Species
STEELHEAD CHINOOK
Low High Total Low High Total
Velocity Velocity Tested Velocity Velocity Tested
8-11 2 5 7 1 1 2
8-12 1 7 8 2 4 6
'8~13 5 2 7 1 5 6
8-14 9 13 22 4 15 19
8~15 2 14 16 4 2 6
8-16 8 6 14 2 6 8
8-17 5 6 11 1 3 4
8-18 13 17 30 2 5 7
Total 45 70 115 17 41 58
Pe;cent 39.1 60.9 29.3 70.7

1/ Velocity 3.34 f.p.s., chamnel width 5 ft., quantity 32.1 c.f.s.

2/ Velocity 5.97 f£.p.s., channel width 2.5 ft., quantity 28.7 c.f.s.

4. SWIMMING ABILITY OF FISH

Studies in 1957 demonstrated that all chinook and steelhead could
ascend an 84-foot flume against a velocity of 8 f.p.s., but only 50 percent
of the chinook and 91 percent of the steelhead were able to do so when
the velocity was increased to 13.4 f.p.s. Studies were then conducted
in 1961 to determine the velocity at which performance of chinook began
to decline. Tests were carried out at velocities of 11.4, 12.6, 13.2 and
13.6 f.p.s. All of the fish tested (Table 5) were able to ascend the
84-foot flume at these velocities. This suggests that there may be
seasonal or racial differences in swimming ability. The 1957 studies
were conducted with fall-run chinook and steelhead, and the 1961 tests
were conducted with summer-run chinook and steelhead,
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Table 5 - Numbers of Chinook Salmon and Steelhead Trout Passing
Through an 84-foot Flume in Velocities Ranging from
11.4 to 13.6 f.p.s., July 19-28, 1961. -All Fish Tested

Passed Through Flume.

Mean Number of Fish Tested _
Velocity Chinook Steelhead

F.p.s.

11.4 50 ' 112
12.6 . 50 80
13.2 6 8
13.6 20 52

In the cour.e of the velocity studies, supplemental observations
vere made on shiad (Alosa sapidissima). Some shad ascended the 84-foot
flume in velocities of 6 and 8 f.p.s. At higher velocities (1l.4 to
13.6), there apreared io be an inverse relétionship between velocity

PR R KRB LS00 0L e o St MR ATBRITR, L TR e S s

and swimming distance (Table 6).

Table 6 - Performance of Shad in Water Velocities of 11.1 to 13.4 o
f.p.s., July 18-28, 1961 . _g
&
4 Water Distance Covered in Feet §
Date Velccity Mean Maximum +
Number Number g
! July 21 11.4 27.2 62 54 1 -
— 22 11.4 29.2 193 59 1 3
23 o 11.4 32.0 160 65 2 §
24 11.4 30.5 107 59 1 %
25 11.4 29.9 30 60 1 3
25 12.6 19.1 18 30 2 S
26 12.6 24.8 29 43 2 z
27 12.6 24,8 25 4h 2 i
18 13.2 18.8 72 35 2
19 13.2 18.8 ‘ 126 40 1
28 13.6 11.7 15 20 1
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5. TRANSPORTATION CHANNEL WATER VELOCITY

Exploratory experiments indicated that a transportation channel
water velocity less than the accepted standard of 2 f.p.s. might be
satisfactory for passage of fish. A study was then conducted to com=-
pare fish passage at a water velocity of 1 f.p.s. with passage at the
standard of 2 f.p.s.

The channel was 4 feet wide by 91 feet long and was operated at
a water depth of 6 feet., The timing zone was about 100 feet long, as
it included a short introductory area in addition to the channel Fish
were timed individually.

Two tests were run with chinook, and one each with sockeye and
steelhead. Passage times were about the same at each velocity (Fig. 1I),
but differences in passage times between species were noted. The
similarity in passage times suggests that the lower water velocity of

"1 £f.p.s. in a transportation channel might be as satisfactory for fish -

passage as the standard of 2 f.p.s.

6. PASSAGE OF SALMONIDS THROUGH PIPES
Discussion

Since pipes are potentially useful as transportation channels for
migrating adults salmonids, studies were conducted to explore factors .
affecting passage of fish through pipes. The work included tests on the
effect of light, water velocity, transition zones, depths of flow, and
pipe diameter on fish passage.

Experimental equipment included straight pipes about 100 feet long,.
1, 2 and 3 feet in diameter, and a 270-foot long pipe,-2 feet in diameter
having two 180° bends (Fig. 12). Only the long pipe was lighted inside.
Lights were 75-watt floodlights spaced 7 feet apart on the straight por-
tions of the pipe (Fig. 13). Fish were timed individually through the
pipes. ’

Results

Varying water velocity, in the range of 1 to 4 f.p.s., did not
affect passage of chinook, sockeye or steelhead in 2-foot and 3-foot
diameter pipes. In a l-foot diameter pipe, sockeye and steelhead moved
through the pipe slower at the lower velocities and a 1 f.p.s. velocity

in a l-foot diameter pipe was not suitable for chinook.
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Figure 11 - Median passage times of chinook salmon, sockeye salmon and
steelhead trout in a transportation channel having water velocities
of 1 and 2 f.p.s. (1962).
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Figure 12 -~ Plexiglass window for viewing fish as they enter
2-foot-diameter pipe. One of the 180° turns is shown on
right.
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Figure 13 - Diagrammatic plan view of laboratory showing pipe
arrangement. Pipe lights are at numbered points 1 through 16.
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A truncated cone, used as a transition zone from pool to pipe, made
the l-foot~diameter pipe more acceptable to chinook, sockeye and steelhead
but had no effect on entry into the 2~foot~diameter pipe. These cones 1
were 10 feet long, 3 feet in diameter at the downstream end, and tapered
to fit the pipes at the upstream end.

Light speeded passage of steelhead through the 270-foot long pipe 1
more than it speeded passage of chinook, coho and sockeye (Table 7).
Summer~run chinook moved through the pipe faster under a darkened condi=-
tion than a lighted one. Conversely fall chinook moved faster under a
lighted condition than a darkened one. Sockeye and coho also moved
faster through the pipe under a lighted condition than under a darkened

one.

A capacity study was conducted to determine the number of salmonids
that could be passed through a 2-foot-diameter straight pipe 90 feet.
long. In the test involving the greatest number of fish, about 12 fish
per minute passed through the pipe for a 60-minute period, and 15 fish
per minute during the peak 20~minute period. Species composition was
about 52 percent chinook, 41 percent steelhead and 7 percent coho.

Table 7 ~ Passage of Salmonids Through a 2~Foot-Diameter Pipe 270 Feet
Long Under Dark and Light Conditions, 1964

Median Passage Time E

Date Species Dark Light ‘

Number Number :

of Fish Minutes of Fish Minutes ’ §
June 25-28 Chinook 39 7.8 25 11.8
Aug. 28-31 Chinook 3i 10.0 62 5.5
July 12-15 Sockeye 45 8.5 41 6.8
Sept. 8=11 Coho 24 11.1 17 7.2
July 17-20 Steelhead 22 24.6 52 7.0

In a test comparing passage under full and partially full conditionms,.
chinook and steelhead ‘moved through the 270-foot long pipe faster when the

pipe was only partially filled with water than when it was completely

filled.

a 4~inch air space.

When partially filled, water depth was about 20 inches, leaving




7. RESPONSE OF SALMONIDS TO VERTICAL AND HORIZONTAL RECTANGULAR ORIFICES

Discussion

The objective of this study was to determine whether a vertical or
a horizontal orifice is the most satisfactory for fish passage and if
orifice depth affects use of the orifice. A pair of 2-by-5-foot rectan-
gular orifices were installed at the junction of two channels with the
collection pool (Fig. 14). The orifices could be installed in either
vertical or horizontal positions, and at 3~ and 9-foot depths (on the
centerline). A l-foot head was maintained on the orifices, giving a flow
of about 49 c.f.s. through each.

Eight test conditions were used in this experiment. Conditions A,
B, C and D (Fig. 15) provided for a direct comparison of the proportion
of fish utilizing vertical and horizontal orifices at deep and shallow
positions. Conditions E, F, G and H tested the effect of orifice depth
on use of horizontal and vertical orifices, respectively.

Results

A total of 3,390 chinook, 9,522 steelhead and 787 coho were tested.

A majority of chinook and steelhead entered the vertical orifice rather
than horizontal orifice at deep and shallow settings (Conditions A, B,

C and D); this utilization was statistically significant at the deep
~setting. A-majority of chinook and steelhead entered shallow orifices
rather than deep ones (Conditions E, F, G .and H), and this difference was
statistically significant when orifices were horizontal. Coho responses
to the test conditions were the same as chinook and steelhead with one
exception -- more coho entered the deep vertical orifice than the shallow
one.

8. COUNTING STATION DESIGN

’ ' Discussion

A preliminary study was made to explore means of improving fish
counting methods at dams on rivers where turbidity is a problem. A sub-
merged observation chamber served as a counting station. A vertical
light panel 4 feet square was installed in a watertight enclosure so that
the distance between the light panel and counting station could be varied
from 1 to 4 feet (Fig. 16). Fish passed the counting area between the
light panel and observation window.

Results

Individual tests were conducted with the light panel set 1, 2, 3 and
4 feet from the viewing window. Secchi disk readings ranged from 2.0 to
2.8 feet during the tests. In general, counts and identification of
i species were quite accurate at the 1- and 2-foot settings. Identification
of species was not always possible at the 3- and 4-foot settings.
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Submerged observation chamber (right) and lighted

panel (center) are set 2 feet apart.

Figure 16 - Installation used in counting stat
study.
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9. FISH SEPARATION STUDIES

Discussion

There 1s a growing need for knowledge on methods of separating species
or populations of fish in relation to water resource development. For
example, the loss of spawning grounds due to inundation by impoundments 1is
becoming a serious problem in the Columbia River system. Fisheries
agencies seek to segregate the displaced spawners from other stocks bound
for upriver spawning areas and use these fish for artificial propagation.
In other instances it may be necessary to transport adult stock around
reservoirs. If there is more than one tributary system to a reservolir,
the individual races must be segregated before they are placed in their
respective spawning streams. On occasion, some of the less desirable
species (carp, suckers, etc,) become a problem in fishways or need to be -
controlled to reduce competition or predation on the more prized species.
Sorting out the so-called scrap species could be a decided benefit to

salmonids.

Studies were conducted on the possibility of separating a race of
chinook during the spawning migration by use of home-stream water, on
mechanical separation of chinook salmon stocks distinguished by color
differences, and on separation of resident fishes from salmonids in fish-

way situations.

The separation with home-stream water was based upon the hypothesis
‘that during their spawning migration, chinook salmon home upon some dis-
tinctive quality in the water imparted from their home stream. The race
of chinook studies was the one destined for Spring Creek Hatchery, about
25 miles above Bonneville Dam. Adult chinook passing through the labora-
tory were offered a choice of entering one of five similar channels (Fig.
17). Flow in each channel was about 3.6 c.f.s. or 1,620 gallons per
minute (g.p.m.). During control tests, flow and composition of water in
the channelswere identical. During experimental tests, about 1l g.p.m.
of Spring Creek water was introduced into one of the channels. This water
was hauled by tank truck from Spring Creek Hatchery. After making a
choice of channels, both test and control fish were tagged and released.

Results

The response of the Spring Creek fish to the choice array was
determined from tagged fish arriving at the hatchery. A total of 565
chinook were subjected to the choice condition and subsequently tagged
and released. Of the 42 fish recovered at Spring Creek, 17 were tagged
during control tests and 25 during tests when Spring Creek water was
being added into Channels 3 and 4. A comparison of the response of the
fish during test and control conditions (Fig. 18) indicates that Spring
Creek chinook were not attracted when Spring Creek water was introduced.
Further studies would appear to be warranted, however.

57

=

"4?"3&”’5‘\“

Sk daeR b

SRR SRS b o




Figure 17 ~ Choice area, channels and holding pens (in darkened
area) with Spring Creek water being introduced into Channel #3.

Note chinook salmon just below entrance to Channel #2. Vertical

ropes in background are used to operate drop screens at entrance
to holding pens.
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Segregation on the basis of skin coloration (light or dark) required
that fish go over a false weir onto a slide (Fig. 19). An operator then
deflected the fish into the proper channels according to skin color as
they descended the slide. A second sorter (Fig. 20) appeared to be more
saﬁisfactory than the first one tested. Results demonstrated that this
was a practical method for separating chinook on a basis of skin color
or for separating species-~-provided the operator was competent and ex-
perienced.

The separation of resident species from salmonids was done in a typical
fishway pool (Fig. 21). Perforated plates and gratings were used to sort
out the smaller resident fish as they passed through the orifice. The
larger salmon were diverted over the overfall. The most successful sepa-
ration was made with a perforated plate having 2~1/2 inch diameter holes.
About 61 percent of all suckers passing up the fishway were diverted and
trapped using this plate. All of the salmonids went over the weir.

10. CURRENT RESEARCH

Studies undertaken during fiscal year 1966 season include investi-
gation of (a) the response of adult migrating salmonids to changes in
water temperature; (b) the effect of pipe length and light on passage of
salmonids through pipes; and (c) the mechanics of fingerling collection
in turbine intakes.

Response of adult salmonids to changes in water temperature will be
determined by subjecting them to a choice of two channels having differ-
ent water temperatures. Heating equipment will raise the temperature of
2 c.f.s. about 2° C. above river temperature and cooling equipment will
cool a like amount about 1.6°G

Effect of pipe length and light on fish passage will be determined
in a circular "endless" pipe in which the willingness of fish to swim
long distances will be examined. Electronic detectors will be used to
record passage through the pipe.

It has been noted at Bonneville and other dams that juvenile salmo-
nids collect in turbine intake gate slots. This general area represents
a potential collection site for downstream migrants. A scaled down
version of a turbine intake has been built in the laboratory. It
consists of a sloping conduilt with risers spaced along the axis (Fig. 22).
Fish are introduced into the conduit where they are subject to an
increasing pressure change as they descend. Studies are now in progress
to measure the response of chinook fingerlings to this pressure change
and to explore methods of enhancing collection of fish in the riser.
Methods of attracting fish out of the risers into a bypass will also be
investigated.
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Figure 19 = Sorter used in first test on mechanical separation of
chinook salmon on basis of coloration.

false weir and are starting down slide.

Fish have just gone over
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of chinook,

Lever in hand of operator moves lower end of
slide to divert fish into proper channel.
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RESEARCH ON FISHWAY PROBLEMS
MAY 1960 TO APRIL 1965

v

‘Joseph R. Gauley, Charles R. Weaver and Clark S. Thompson
U. S. Bureau of Commercial Fisheries

INTRODUCTION

The increasing number of water use projects in the Columbia River
system poses a constant threat to the anadromous fishery resource by ob-
structing the natural migratory routes of these fish. Fish passage facil-
ities are normally provided in these circumstances, and considerable
planning is often necessary to achieve the safest and most efficient
conditions for fish. In line with these needs, the U. S. Army Corps of
Engineers has sponsored a program of fisheries engineering research to

-secure design criteria for such structures.

The Fisheries-Engineering Research Laboratory at Bonneville Dam was
completed as a part of the above program and has been operated continu-
ally since 1955 by the Bureau of Commercial Fisheries under contract to
the Corps. The primary aim of research at Bonneville has been to provide
basic knowledge of the behavior, abilities and requirements of fish in

fish passage situations. Major emphasis has centered on seeking means of

reducing the cost of fisgh passage facilities without impairing their ef-
ficiency. The laboratory has contributed materially to fishway design
criteria in several areas, resulting in major savings in construction and
operational costs. This report summarizes research conducted during the
second 5-~year period (May 1960-April 1965) of operation.

INVESTIGATIONS

1. FISHWAY SLOPE

Discussion

Earlier studies on fishway slopes at the Fisheries-Engineering Re-
search Laboratory demonstrated that a slope steeper than l-on-16 was suit=
able for fish passage if proper hydraulic conditions were maintained. This
work led to further development and testing by the Corps of Engineers Hy-
draulic Laboratory and ultimately resulted in the design of the l-on-10
slope ladder for Ice Harbor Dam on the Snake River. Evolution of this lad-
der initially included development of suitable hydraulic conditions by
model studies at the Hydraulic Laboratory. This was followed by study of
fish passage in a full scale 6-pool section of the ladder in the Fisheries-
Engineering Research Laboratory. The final stage was reached when the
prototype ladder was tested during its first year of operation at Ice Harbor
Dam.,
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The new l-on-10 slope fishway is a pool-and-overfall type with sub-
merged orifices, flow stabilizers and a non-overfall section in the mid-
dle of each weir (Fig. 1). There is a l-foot rise between pools, and
average water depth under normal operating conditions is 6.5 feet. The
fishway tested in the laboratory was constructed of wood so that it could
be modified to produce a variety of test conditions.

a. Laboratory Evaluation. Performance and behavior of chinook
salmon (Oncorhynchus tshawytscha), sockeye salmon (Oncorhynchus nerka),
coho salmon (Oncorhynchus kisutch), and steelhead trout (Salmo gaird-
neri) were evaluated under normal operating conditions of the fishway.
Tests were also conducted with a half-width fishway (Fig. 2), orifice
flows only (non-overfall flow), overfall flow only, and higher than
normal flow. Three welr crest designs--McNary type, The Dalles type,
and plane-surface ogee type--were tested. Underwater viewing facilities
were provided for observing fish behavior and hydraulics.

Tests were carried out using individual fish in the fishway,
groups of mixed species, and capacity type concentrations which were
similar to group releases, but involved larger numbers of fish.

Passage time’s were obtained to assess performance of fish
ascending the ladder under various operational conditions. A comparison
of passage times of salmonids under half-width and full-width fishway
conditions shows that chinook made significantly faster ascents under the
half-width fishway condition than under the full-width condition, but
that sockeye and steelhead performed about the same under -either condition.
Capacity tests were conducted in the half-width fishway. Several trials
were run of which the largest group tested in a l-hour period numbered
1,371 fish. However, the numbers of fish avallable were considered
insufficient to demonstrate that capacity of the fishway had been
reached. During the passage of these large groups, there was no evidence
that movement of fish was impeded.

In a comparison of welr crests, McNary and plane-surface ogee
crests appeared to improve hydraulic conditions and hasten fish passage
slightly when they were used in lieu of a Dalles-type crest specified
in the original design. '

Observations were made on effect of various flow conditions on
the passage of fish., Chinook and steelhead made significantly faster
ascents under an overfall and orifice flow condition when the head on the
welr was increased from 0.95 foot to 1.20 feet. With the orifices closed
both species made significantly slower ascents when the head on weir
was Increased from 0.95 foot to 1.20 feet., Steelhead and chinook accepted
this condition quite readily and ascended the fishway without difficulty.
Preference for overfall or orifice passage appeared to vary seasonally
with chinook and steelhead, but sockeye favored the overfall. Carp,
suckers and squawfish favored the orifice, and shad the overfall.
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In brief, the laboratory studies indicated that the l-on-10

slope fishway would be as suitable for passage of fish as the conventional

l-on-16 slope fishways now in use on the Columbia River.

b, Field Evaluation. The field evaluation of the l-on-10 -slope
Ice Harbor design fishway was conducted from May 10 to October 5, 1962,
at Ice Harbor Dam on the Snake River. Fish passage facilities at the
dam consist of two pool-and-overfall fish ladders: (1) a l-on-16 slope
fishway, 24 feet wide of conventional design (Fig. 3), and (2) a l-on-10
slope fishway 16 feet wide usually referred to as the Ice Harbor design
(Fig. 4). .

The objective of the evaluation was to determine if the new
1l-on-10 slope fishway would satisfactorily and safely pass salmonids over
the dam. This was done by comparing performance of fish ascending the
l-on-10 slope fishway with performance of fish ascending the 1l-on-16
slope fishway. Criteria employed in comparing performance of fish in
the two ladders included: (1) Proportions of fish successfully nego-
tiating comparable sections of the two ladders during a given period;

(2) Rates and patterns of movement through comparable test sections
(same or similar number of pools); and (3) Fallback activity (downstream
passage within the test area). . :

Observations were made within a 74-pool test area in each ladder.
Temporary partitions were installed longitudinally throughout the test

~area dividing ‘each ladder into a test .and bypass side. 0Only the test

side was employed in the study. Count stations installed at several
different elevations within the test area (Fig. 5) provided means of
comparing the performance of fish as they ascended various segments of
the test areas in each ladder. :

Relatively few salmonids failed to complete the test section in
either ladder during the individual test periods. Comparisons of salmonid

passage patterns at count statlions encompassing comparable test sections

indicated similar patterns of movement in the l-on-10 slope and l-on-16
slope ladders. Passage times based on the time at which 50 percent of
the salmonids had crossed each counting station indicated that there was
little difference in the rates at which salmonids ascended the entire
test area of the two ladders. Average passage times for the 74-pool
test section were 1.36 minutes per pool in the l-on-10 slope ladder and
1.41 minutes per pool in the l-on-16 slope ladder. Observations of
fallback (downstream passage) activity of salmonids during the tests
failed to demonstrate any abnormal occurrences in the l-on-10 slope
ladder.

Incidental observations of the behavior’of suckers (Catastomus
Sp.), squawfish (Ptychocheilus oregonensis), and carp (Cyprinus carpio)
revealed their performance in both ladders was characterized by consider-
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Figure 3 - South Shore l1-on-16 Slope Fish Ladder
Showing the Divider Screen and Count Stations for

Weir Elevations 380 (to right of bridge) and
381 (on the bridge).

34

e A b AR S R




Figure 4 - North Shore l-on-10 Slope Fish Ladder
Showing the Timber Divider Wall and Location of
the Five Count Stations. The Uppermost Count
Station (Elevation 433) is Barely Visible at the
Upper Left Corner.

35




ICE HARBOR FISH LADDERS

LR HHHIHHHHH{HJHH ritrbw LI T

] Laas
]t 387 :

ENTRANCE
f—>

North Shore |-on-10-Slope

_ _ )

(&}

2

<

3

GATE &

\J‘\. ' - “ :

S I Y (O (O DU SIS N SRR U NG S N IO HR A SO A I -;_‘_--Ty ORIFICE
1/ ty GRILLS

DIVIDER FENCE -

South Shore I-oanS—Slope | L’Em.

Figure 5 = Ice Harbor Fish Ladders Showing Locations of Count Stations.

—
EXIT

36




able fallback activity and a much slower rate of passage;than salmonids.
There was no indication that these fish encountered moxe ddifficulty in

_________

the l1-on-10 slope ladder than in the l-on-16: slope 1adder.

Results
On the basis of preceding results, it was concluded that the l-on-10
slope ladder will provide adequate passage for the number and specigs of
fish it may be expected to accommodate at Ice Harbox Dam. Since little
difference could be detected between performance of sq}monids in the twg
ladders, there 1is no reason to doubt that a 1-on=10 slope 1adder could

;designed to accommodate the same number of fish.
2. DIFFUSION WATER VELOCITY
Discussion

Diffusion water, also termed attraction water or auxiliary water, is
or wall diffusor. It is needed to malntain prescfihéé flows in the 1ower
ends of fishways, in fish collection channels, at fishway entnances, and

The presently accepted criteria for gross diffusion water welocities
are 0.25 feet per second (f.p.s.) through a flood diffusor and 0.50 f.p.s.
througn a wall diffusor. The prlmary obJective of this study was to

passage of salmonids in a transportation channel, If higher yglgg}Q;gs
‘than those presently accepted do not appreciably deter fish passage, then
-smaller diffusors could be used in new fishways with a resultant savings

in construction and maintenance costs.

Test facilities consisted of a fish transportation channel into
which auxiliary water was added from either a fleor- or wall-type
diffusor. Diffusion water velocities ranged from 0.25 to 1.25 f,p.s.
through the floor diffusor and from 0.25 to 2.00 £.,p,s. through the wall
diffusor. The channel was 4 feet wide by 91 feet long exclusive of a
short introductory area (Fig. 6). Water depth was 6 feet, and vglocities

~upstream of the diffusion area were maintained at gpproximately 2 f.p.s.
The installation for the floor diffusor was esseantially the same for the
wall diffusor (Fig. 7) except that the former discharged up through the
bottom of the channel.

The effect of diffusion water velocity on fish passage was deter-
mined by timing individual fish through the channel (A to B, Fig. 6).
A Latin Square design was used in conducting the expeximents<with some
variation in design between years.

Median and mean passage times of spring chinook (Table 1) show that
the addition of diffusion water at any velocity through the floor dif-
fusor delayed the passage of fish. This was alse true of £all chinook

and steelhead. A comparison of median passage times bf @hinook through
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the channel with and without entrained air in the water (Fig. 8) demon-
strated that air had no effect on fish passage. Operation of the dif-
fusor without a grating indicated that this might not be practical as

both chinook and steelhead entered the diffusor opening even when no ,
water was flowing out. §

Table 1 - Mean and Median Passage Times of Chinook Salmon in
a Transportation Channel with Gross Floor Diffusion
Velocities of 0.25 to 1.25 f.p.s., May 2-23, 1961

Gross Mean Median
Diffusion Sample Passage Sample Passage
Velocity Size Time Size Time

F.p.s. Number Minutes Number Minutes

¥
0.00 19 9.9 A 20 4.1
0.25 18 ©13.2 20 9.7
0.50 17 11.9 20 10.6
0.75 18 17.2 ' 20 15.9
1.00 16 17.4 20 19.4
1.25 16 10.3 20 10.4
Results

Wall diffusor tests were conducted in 1962 using velocities of 0.25,
0.50, 0.75, and 1.00 f.p.s. and in 1963 using velocities of 0.00, 0.50,
1.00, and 2.00 f.p.s. . Passage times of chinook, sockeye and steelhead
in 1962 under the various diffusion velocities did not differ greatly,
except that passage time increased slightly at the 1.00 f.p.s. velocity.
Passage times of chinook, sockeye and steelhead in 1963 (Table 2) demon-
strated that an increase in passage time occurred as gross velocity |
increased. From a practical standpoint, however, there was little
difference in passage times under the velocities tested.

The tests with floor and wall diffusors demonstrated that introduc=-
tion of diffusion water at any velocity slowed the passage of salmonids
through the channel, and there was a general tendency for passage times
to increase at the higher velocities. It appears, however, that the
standards for floor and wall diffusors (0.25 and 0.50 f.p.s. respectively)
could be increased 100 percent without creating an appreciable delay in
fish passage.
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Figure 8 - Diffusion area and transportation channel with
air being introduced through the diffusor (bottom) and

without air (top).
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Table 2 - Effect of Wall Diffusion (Gross Velocity 0.00 to 2.00
f.p.s.) on the Passage of Chinook Salmon, Sockeye Salmon
and Steelhead Trout, 1963.

Species Gross Mean Median
and Diffusion Sample Passage Sample Passage
Date Velocity Size Time Size Time
F.p.s. Number Minutes Number Minutes
Chinook 0.0 238 3.2 239 2.4
0.5 208 4.4 211 3.2
April 15 1.0 139 5.4 143 3.4
to 1.5 146 6.3 151 5.2
May 9 2.0 102 7.8 105 6.:8-
Sockeye 0.0 172 2.4 172 1.4
0.5 132 3.4 136 1.9
June 18 1.0 130 5.3 131 2.4
to 1.5 137 4.3 142 2.3
July 13 2.0 94 6.3 - 98 4.6
Steelhead 0.0 188 4.0 189 2,2
0.5 152 5.3 153 2.7
July 4 1.0 128 5.6 131 2.8
to 1.5 112 5.5 113 3.4
July 20 2.0 108 5.7 111 2.7

3. ATTRACTION OF FISH

Discussion

Studies conducted in 1957 demonstrated that a majority of chinook and

 steelhead, when given a choice between channels with a "high" and a "low"

velocity (Fig. 9), would select the channel with the higher velocity.
Additional studies were made in 1961 to examine the response of sockeye
salmon to opposing velocity conditions and to consider the effects of
quantity as well as velocity of the water. Sockeye salmon responded in
the same manner (Table 3) as the chinook and steelhead in the earlier
tests, i.e., they generally showed a preference for the higher velocity.
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Velocity and quantity of flow were studied to determine if fish
selecting a higher velocity were responding to velocity or quantity of
flow. Fish were given the choice of entering one of two adjacent channels
(Fig. 10) with contrasting velocities. The high-velocity channel was
restricted in width so that the quantity of flow from this channel was
about the same as that from the low-velocity channel.

Results

The response of chinook and steelhead showed that a majority selected
the high-velocity side (Table 4) even though the discharge was the same
on both sides.

Table 3 - Response of Sockeye Salmon to a Choice in Water Velocities
Ranging from 2 to 8 f.p.s., June 26-July 10, 1961

Number of Fish

Test Condition Selecting Each Channel
North - 6 f.p.s. 11 |
South - 8 f.p.s. 9
North - 8 f.p.s. " 19
South - 2 f.p.s. 1
North - 4 f.p.s. . 13
South - 4 f.p.s. ‘ 13
North - 2 f.p.s. 10
South - 2 f.p.s. 10
North - 4 f.p.s. 4
South - 6 f.p.s. 16
North - 6 f.p.s. » 5
South - 2 f.p.s. 2
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Figure 10 - Channels Used in Quantity vs. Velocity Study.
Channel on Left has Greatest Quantity and Channel on
Right, Highest Velocity.
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Table 4 ~ Response of Salmonids to Velocity and Quantity of Flow

% in a Choice Situation, 1961.

i Test Number of Fish Selecting Lowl/ and

i Date High_/ Veloc1;y Channels by Species

¥ STEELHEAD | CHINOOK

i Low High Total Low High Total
Velocity Velocity Tested Velocity Velocity Tested

i 8-11 2 5 7 1 1 2

8-12 1 7 8 2 4 6

z 8-13 5 2 7 1 5 6 -

8-14 9 13 22 4 15 19

g 815 2 14 16 4 2 6

%‘

_ 8-16 8 6 14 2 6 8

£ , :

; 8-17 5 6 11 1 3 4

8-18 13 17 30 2 5 7

%,

Total 45 70 115 17 41 58

: Percent 39.1 60.9 29.3 70.7

N

1/ Velocity 3.34 f.p;s., channel width 5 ft., quantity 32,1 c.f.s.

2/ Velocity 5.97 f.p.s., channel width 2;5 ft., quantity 28.7 c.f.s.

4, SWIMMING ABILITY OF FISH

Studies in 1957 demonstrated that all chinook and steelhead could

ascend an 84-foot flume against a velocity of 8 f.p.s., but only 50 percent
of the chinook and 91 percent of the steelhead were able to do so when

B %

the velocity was increased to 13.4 f.p.s. Studles were then conducted

in 1961 to determine the velocity at which performance of chinook began
to decline. Tests were carried out at velocities of 11.4, 12.6, 13.2 and
13.6 f.p.s. All of the fish tested (Table 5) were able to ascend the
84-foot flume at these velocities. This suggests that there may be
seasonal or racial differences in swimming ability. The 1957 studies
were conducted with fall-run chinook and steelhead, and the 1961 tests
were conducted with summer-run chinook and steelhead.
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Table 5 - Numbers of Chinook Salmon and Steelhead Trout Passing

Through an 84-foot Flume in Velocities Ranging from
11.4 to 13.6 f.p.s., July 19-28, 1961. All Fish Tested
Passed Through Flume.

Mean Number of Fish Tested
Velocity Chinook Steelhead
F.p.s.
11.4 50 112
12.6 50 80
13.2 6 8
13.6 20 52

In the cour.e of the velocity studies, supplemental observations

f.p.s., July 18-28, 1961

vere made on shad (Alosa sapidissima). Some shad ascended the 84-foot
flume in velocities of 6 and 8 f.p.s. At higher velocities (11.4 to
13.6), there appeared io be an inverse relationship between velocity
and swimming distance (Table 6).

Table 6 - Performance of Shad in Water Velocities of 11.1 to 13.4

Water Distance Covered in Feet
Date Velccity Mean Maximum
Number Number
of Fish of Fish
July 21 11.4 27.2 62 54 1
— 22 11.4 29.2 193 59 1
23 11.4 32.0 160 65 2
24 11.4 30.5 107 59 1
25 11.4 29.9 30 60 1
25 12.6 19.1 18 30 2
26 12.6 24.8 29 43 2
27 12.6 24.8 25 44 2
18 13.2 18.8 72 35 2
19 13.2 18.8 126 40 1
28 13.6 11.7 15 20 1
! 47
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5. TRANSPORTATION CHANNEL WATER VELOCITY

Exploratory experiments indicated that a transportation channel
water velocity less than the accepted standard of 2 f.p.s. might be
satisfactory for passage of fish. A study was then conducted to com- ‘g
pare fish passage at a water velocity of 1 f.p.s. with passage at the
standard of 2 f.p.s.

The channel was 4 feet wide by 91 feet long and was operated at
a water depth of 6 feet. The timing zone was about 100 feet long, as
it included a short introductory area in addition to the channel. Fish
were timed individually.

RSP SRR e 2 Ll

T TSI T PR 5 . A 5 P AR 80 £ okt s A B

Two tests were run with chinook, and one each with sockeye and
steelhead. Passage times were about the same at each velocity (Fig. 1I),
but differences in passage times between species were noted. The
similarity in passage times suggests that the lower water velocity of

"1 £f.p.s. in a transportation channel might be as satisfactory for £ish
passage as the standard of 2 f.p.s.

SRR T

6. PASSAGE OF SALMONIDS THROUGH PIPES

Diséussion

Since pipes are potentially useful as transportation channels for
migrating adults salmonids, studies were conducted to explore factors
affecting passage of fish through pipes. The work included tests on the
effect of light, water velocity, transition zones, depths of flow, and
pipe diameter on fish passage.

Experimental equipment included straight pipes about 100 feet long,
1, 2 and 3 feet in diameter, and a 270-foot long pipe, 2 feet in diameter
having two 180° bends (Fig. 12). Only the long pipe was lighted inside.
Lights were 75-watt floodlights spaced 7 feet apart on the straight por-
tions of the pipe (Fig. 13). Fish were timed individually through the
pipes. :

Results

Varying water velocity, in the range of 1 to 4 f.p.s., did not
affect passage of chinook, sockeye or steelhead in 2-foot and 3-foot
diameter pipes. In a l-foot diameter pipe, sockeye and steelhead moved
through the pipe slower at the lower velocities and a 1 f.p.s. velocity
in a 1-foot diameter pipe was not suitable for chinook.
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Figure 11 ~ Median passage times of chinook salmon, sockeye salmon and
steelhead trout in a transportation channel having water velocities

of 1 and 2 f.p.s. (1962).
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Figure 12 -~ Plexiglass window for viewing fish as they enter

One of the 180° turns is shown on

2-foot~-diameter pipe.

right.
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‘Figure 13 - Diagrammatic plan view of laboratory showing.pipe
‘ arrangement, Pipe lights are at numbered points 1 thrgugh 16.
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A truncated cone, used as a transition zone from pool to pipe, made
the l-~foot~diameter pipe more acceptable to chinook, sockeye and steelhead
but had no effect on entry into the 2-foot-diameter pipe. These cones
were 10 feet long, 3 feet in diameter at the downstream endy and tapered

to fit the pipes at the upstream end.

Light speeded passage of steelhead through the 270-foot long pipe
more than it speeded passage of chinook, coho and sockeye (Table 7).

Summer-run chinook moved through the pipe faster under a darkened condi-

tion than a lighted one.
lighted condition than a darkened one.
faster through the pipe under a lighted condition than under a darkened

one.

Conversely fall chinook moved faster under a

Sockeye and coho also moved

A capacity study was conducted to determine the number of salmonids
that could be passed through a 2«foot-~diameter straight pipe 90 feet

long.

In the test involving the greatest number of fish, about 12 fish

per minute passed through the pipe for a 60-minute period, and 15 fish

per minute during the peak 20-minute period.

Species composition was

about 52 percent chinook, 41 percent steelhead and 7 percent coho,

Table 7 -~ Passage of Salmonids Through a 2~Foot-~Diameter Pipe 270 Feet
Long Under Dark and Light Conditions, 1964

Median Passage Time
Date Species Dark Light

Number Number
of Fish Minutes of Fish Minutes
June 25-28 Chinook 39 7.8 25 11.8
Aug. 28-31 Chinook 31 10.0 62 5.5
July 12-15 Sockeye 45 8.5 41 6.8
Sept. 8~11 Coho 24 11.1 17 7.2
July 17-20 Steelhead 22 24.6 52 7.0

In a test comparing passage under full and partially full conditions,
chinook and steelhead ‘moved through the 270-foot long pipe faster when the

pipe was only partially filled with water than when it was completely

filled.

& 4=inch air space.
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7. RESPONSE OF SAIMONIDS TO VERTICAL AND HORIZONTAL RECTANGULAR ORIFIGES
"Discussion

The objective of this study was to determine whether a vertieal ex
a horizontal orifice is the most satisfactory for fish passage and if
orifice depth affects use of the orifice. A pair of 2-by-5~foot rectan-
gular orifices were installed at the junction of two channels with the
collection pool (Fig. 14). The orifices could be installed in either
vertical or horizontal positions, and at 3- and 9-foot depths (on the
centerline). A l-foot head was maintained on the orifices, giving a
of about 49 c.f.s. through each.

flow

Eight test conditions were used in this experiment. Conditions A,
B, C and D (Fig. 15) provided for a direct comparison of the proportion
positions. Conditions E, F, G and H tested the effect of oriﬁi&évéépth
on use of horizontal and vertical orifices, respectively.

Results

A total of 3,390 chinook, 9,522 steelhead and 787 coho were tested.
A majority of chinook and steelhead entered the vertical orifice ratherx
than horizontal orifice at deep and shallow settings (Conditions A, B,

-C and D)j this utilization was statistically significant at the deep
setting. A majority of chinook and steelhead -entered shallow crifices
rather than deep ones (Conditions E, F, G and H), and this difference was
statistically significant when orifices were horizontal. Coho responses
to the test conditions were the same as chinook and steelhead with one
exception -- more coho entered the deep vertical orifice than the shallow
one.

-8. COUNTING STATION DESIGN

Discussion
A preliminary study was made to explore means of improving fish
-counting methods at dams on rivers where turbidity is a problem. A sub-
merged observation chamber served as a counting station. A wvertical
the distance between the light panel and counting station coﬁiﬁ—be-vaiieﬂ
from 1 to 4 feet (Fig. 16). TFish passed the counting area between the
light panel and observation window.

Results

Individual tests were conducted with the light panel set 1, 2, 3 and
:4 feet from the viewing window. Secchi disk readings ranged fxrom 2.0 to
2.8 feet during the tests. In general, counts and identification of
species were quite accurate at the 1- and 2-foot settings. Identification
of specles was not always possible at the 3- and 4-foot settimngs.
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Figure 14 -~ Test area unwatered to show horizontal (left) and
vertical (right) orifice choice condition at the shallow
setting-~centerline of orifice 3 feet below water surface.
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panel (center) are set 2 feet apart.

Figure 16 ~ Installation used in counting station design
study.
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9. FISH SEPARATION STUDIES

Discussion

There 1s a growing need for knowledge on methods of separating species
or populations of fish in relation to water 'resource development. For
example, the loss of spawning grounds due to inundation by impoundments 1is
becoming a serious problem in the Columbia River system. Fisheries
agencies seek to segregate the displaced spawners from other stocks bound
for upriver spawning areas and use these fish for artificial propagation.
In other instances it may be necessary to transport adult stock around
reservoirs. If there is more than one tributary system to a reservoir,
the individual races must be segregated before they are placed in their
respective spawning streams. On occasion, some of the less desirable
species (carp, suckers, etc.) become a problem in fishways or need to be
controlled to reduce competition or predation on the more prized species.
Sorting out the so-called scrap species could be a decided benefit to
salmonids. :

Studies were conducted on the possibility of separating a race of
chinook during the spawning migration by use of home-stream water, on
mechanical separation of chinook salmon stocks distinguished by color
differences, and on separation of resident fishes from salmonids in fish-
way situations.

The sepaiation with home-stream water was based upon the hypothesis

‘that during their spawning migration, chinook salmon home upon some dis-

tinctive quality in the water imparted from their home stream. The race
of chinook studies was the one destined for Spring Creek Hatchery, about
25 miles agbove Bonneville Dam. Adult chinook passing through the labora-
tory were offered a choice of entering one of five similar channels (Fig.
17). Flow in each channel was about 3.6 c.f.s. or 1,620 gallons per

minute (g.p.m.). During control tests, flow and composition of water in

,the channelswere identical. During experimental tests, about 11 g.,p.m.

of Spring Creek water was introduced into one of the channels. This water
was hauled by tank truck from Spring Creek Hatchery. After making a
choice of channels, both test and control fish were tagged and released.

Results

The response of the Spring Creek fish to the choice array was
determined from tagged fish arriving at the hatchery. A total of 565
chinook were subjected to the choice condition and subsequently tagged
and released. Of the 42 fish recovered at Spring Creek, 17 were tagged
during control tests and 25 during tests when Spring Creek water was
being added into Channels 3 and 4. A comparison of the response of the
fish during test and control conditions (Fig. 18) indicates that Spring
Creek chinook were not attracted when Spring Creek water was introduced.
Further studies would appear to be warranted, however.
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Figure 17 = Choice area, channels and holding pens (in darkened
area) with Spring Creek water being introduced into Channel #3.
Note chinook salmon just below entrance to Channel #2. Vertical
ropes in background are used to operate drop screens at entrance

to holding pens.

58




50 |
~ CONTROL n=17
40+ [_] TEST n=l0
= |
E 30
w
(&
[0 4
% 20
10}
GHANNEL
_ CONTROL n=17
50r [] TEST n=15
N
40..
£ 30t
W
(&)
o
w o0t
10}

CHANNEL

Fi
'+8ure 18 -~ Results of tests at Bonneville on the response (proportions

entering each channel) of Spring Creek chinook salmon to home stream

¥ater. Arrows indicate chanmel car
rying added amounts of S
Water under test conditions. pring Creek

59




Segregation on the basis of skin coloration (light or dark) required
that fish go over a false weir onto a slide (Fig. 19). An operator then
deflected the fish into the proper channels according to skin color as
they descended the slide. A second sorter (Fig. 20) appeared to be more
satisfactory than the first one tested. Results demonstrated that this
was a practical method for separating chinook on a basis of skin color
or for separating species~-provided the operator was competent and ex~-
perienced.

The separation of resident species from salmonids was done in a typical
fishway pool (Fig. 21). Perforated plates and gratings were used to sort
.out the smaller resident fish as they passed through the orifice. The
larger salmon were diverted over the overfall. The most successful sepa--
ration was made with a perforated plate having 2-1/2 inch diameter holes.
About 61 percent of all suckers passing up the fishway were diverted and
‘trapped using this plate. All of the salmonids went over the weir.

10. CURRENT RESEARCH

Studies undertaken during fiscal year 1966 season include investi-
gation of (a) the response of adult migrating salmonids to changes in
water temperature; (b) the effect of pipe length and light on passage of
salmonids through pipes; and (c) the mechanics of fingerling collection
in turbine intakes.

Response of adult salmonids to changes in water temperature will be
determined by subjecting them to a choice of two channels having differ-
ent water temperatures. Heating equipment will raise the temperature of
2 c.f.s. about 2° C. above river temperature and cooling equipment will
cool a like amount about 1.6°G

Effect of pipe length and light on fish passage will be determined
in a circular "endless" pipe in which the willingness of fish to swim
long distances will be examined. Electronic detectors will be used to
record passage through the pipe.

It has been noted at Bonneville and other dams that juvenile salmo-
nids collect in turbine intake gate slots. This general area represents
a potential collection site for downstream migrants, A scaled down
version of a turbine intake has been built in the laboratory. It
consists of a sloping conduit with risers spaced along the axis (Fig. 22).
Fish are introduced into the conduit where they are subject to an
increasing pressure change as they descend. Studies are now in progress
to measure the response of chinook fingerlings to this pressure change
and to explore methods of enhancing collection of fish in the riser.
Methods of attracting fish out of the risers into a bypass will also be
investigated.
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Figure 19 =~ Sorter used in first test on mechanical separation of
chinook salmon on basis of coloration,

Fish have just gone over
false welr and are starting down slide.
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Figure 20 -~ Another sorter tested in mechanical separation
of chinook. Lever in hand of eperator moves lower end of
slide to divert fish into proper channel,
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- Figure 22 ~ Experimental device for study of response of salmonid fingerlings to pressure
changes encountered in turbine intakes. ‘
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