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Response of Migrating Adult Salmonids to

Vertical and Horizontal Rectangular

Orifices at Two Depths

By

CLARK S. THOMPSON, WILLIAM SPENCER DAVIS,
and EMIL SLATICK, Fishery Biologists

Bureau of Commercial Fisheries, Fish-Passage Research Program
Seattle, Wash. 98102

ABSTRACT

The response of migrating adult salmonids to various placements of rectangular
fishway orifices was studied at the Fisheries-Engineering Research Laboratory, on
the Washington end of Bonneville Dam. Chinook salmon (Oncorhynchus tshawytscha ),

steelhead trout (Salmo gairdneri), and coho salmon (O. kisutch ) approaching a verti-

cal wall had the alternatives of entering rectangular orifices positioned either hori-
zontally or vertically and either shallow (3 feet) or deep (9 feet). The responses of

the three species to the various orifice conditions are analyzed. More migrants
passed through shallow orifices than deep orifices, and more salmonids entered
vertical orifices than horizontal orifices.

INTRODUCTION

The position and type of entrance used to

attract migrating fish into fishways can be
important factors in expediting the movement
of fish at dams. A key part of fish-facility

complexes at most hydro- electric plants on
the Columbia River is the powerhouse fish-

collection system, a long channel extending
across the face of the powerhouse and con-
taining a number of entrances for fish. This
channel is one of several routes to the main
fishways. To enter the powerhouse collection
channel, however, migrants attracted by the
turbine discharge must locate entrance ports
above the turbine draft tubes. Large dis-
charges from fishway entrances also attract
numerous migrants directly to the entrances
of the main fish ladders.

Fish-collection systems have been studied
by the Corps of Engineers to determine the
design criteria that would provide optimunn
entry conditions for upstream migrants.
Experiments at Bonneville Dam indicated that

salmonids will enter the powerhouse collec-
tion system more readily through a sub-
merged orifice than over an overfall weir
entrance (U.S. Corps of Engineers, 1948).
Studies in 1952 and 1954 (U.S. Corps of Engi-
neers, 1960b) showed that shallow orifices
(those submerged 3.8 to 6 feet) were more

effective as entrances for fish than inter-

mediate (14.8 feet) or deep orifices (30 feet).

Continued research in I960 indicated that more
fish used vertical orifices than horizontal
orifices (U.S. Corps of Engineers, 1960a),

but results were not conclusive.
The purpose of this study was to compare

the response of adult salmonids to rectangular
orifices placed in a vertical wall and aligned
vertically or horizontally, at shallow or deep
settings. The work was done in the Fisheries-
Engineering Research Laboratory-'- at Bonne-
ville Dam from August 24 to September 20,

1962.

MATERIALS AND METHODS

Test facilities (fig. 1) were housed in the

laboratory where special orifices and fish-

ways could be operated under controlled
hydraulic conditions. Test fish entered the

laboratory from the Washington shore fish-

way, passed through experimental orifices

and associated transportation channels, and
returned to the main fishway on their own

^ Research financed by the U.S. Army Corps of Engi-

neers as part of a broad program to provide design

criteria for more economical and efficient fish-passage

facilities at Corps' projects on the Columbia River.
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Figure 1.—Plan and elevation views of laboratory, showing release point, location of orifices, and exit weirs where fish

passage was recorded. Sectional view shows water elevations and centerline of orifices.

volition. Responses of adult salmonids to the
various orifice locations were determined by
counting the fish as they left individual trans-
portation channels upstream from the orifices.

Laboratory

Collins and EUing described the laboratory
in detail (Collins and EUing, I960). A water
supply and discharge system capable of de-
livering and discharging up to 200 cubic feet
per second (c.f.s.) provided water for the
experimental area. Flows were regulated by
various intake valves and a large drain valve.
A battery of 1,000-watt mercury- vapor

lights spaced at 6-foot intervals, 6 feet above
the water, produced an average light intensity
of 700 foot-candles at the water surface. This
light was similar to natural light measured in

the main Bonneville fishway during a bright
cloudy day.

Orifices .- -Orifices used in this study were
2- by 5-foot rectangular ports installed at the
junction of the introductory pool and the two
transportation channels (fig. 2), The orifice
panels fitted into guides and could be re-
moved (fig. 3), turned 90°, and replaced to

change the orifice setting from vertical to

horizontal (fig. 4) or vice versa. Solid panels
filled the space above and below the orifice
panels.

The centerline of the orifice was 9 feet

below the water surface (elevation 49.75)^ at

the deep position and 3 feet below the water
surface (elevation 55.75) at the shallow posi-
tion (fig. 5). Water depth in the area imme-
diately downstream from the orifices was
19 feet.

Hydraulic s .- - R egulated water elevations
(fig. 1) provided constant hydraulic condi-
tions during the tests. Water levels in the
transportation channels were maintained 1

foot higher than the level of the introductory
pool, providing a 1-foot head on the orifices.

This head produced a calculated flow of 49
c.f.s. and an average velocity of about 8 feet

per second through each orifice. Flows equal
to the orifice discharge were introduced at

the head of each transportation channel; about
16.5 c.f.s. passed over the exist weir at the
head of the channel, and the remaining flow
entered through a submerged, screened port
at the base of the exit weir.

Flows from shallow orifices caused a tur-
bulence on the surface of the introductory
pool (fig. 6A), whereas flows from deep
orifices caused little or no surface turbu-
lence (fig. 6B).

^ All elevations are designated as feet above mean sea

level.



Figure 2.— Test area, drained to show
horizontal (left) and vertical (right)

orifices at the shallow setting.

Centerllne of each orifice is 3

feet below water surface. Struc-

tures on each side of orifice panels

are screened to prevent entry of

fish. Introductory pool is in fore-

ground.

Figure 4.— Vertical and horizontal

orifices at deep setting (centerllne

of each orifice is 9 feet below
water surface).

Figure 3.

—

Removing panel from
guide slots to change position of

orifice.

Figure 5.—Test condition for com-
paring responses of salmon to

vertical orifices at deep (left) and

shallow (right) settings.



(A)

(B)

Figure 6.— Introductory pool (foreground) during discharge from shallow (A) and
deep (B) orifices. Salmon were released from structure in left foreground.

Test Procedure

Test fish entered the laboratory from the
fishway and were released into the intro-
ductory pool after an observer had deter-
mined the size and species of each fish.
Fish were released as rapidly as they be-

came available; thus, several fish may have
been in the introductory area at the same
time.

After passing through one of the orifices,

test fish proceeded upstream through the
transportation channel and crossed the exit

weir. We recorded the response to an orifice



condition on the basis of numbers of fish of

each species leaving the respective chan-
nels (fig. 7).

Figure 7.—Recording passage of fish at upstream end of

transportation channels. Counts of fish leaving each

channel provided a record of the response of these fish

to the position and depth of the orifices at the entrance

to the channels.

day. Accepting this assumption, we computed
the basic response measurements as follows:

1. The percentage of fish entering each
orifice was calculated by day.

2. The daily percentages of fish entering
a given orifice in each 2-day period (1 day
in the south and the other in the north chan-
nel) were averaged to yield the measurement
of basic response for that orifice.

We evaluated the response to orifices sep-
arately for each test condition. Averages of

the percentage of fish entering each of two
orifices being compared during a 2-day test

period totaled 100 percent. Therefore, unequal
use of the orifices was shown by the de-
parture of the averages from 50 percent.
Only average percentages from one of two
orifices being compared were used in the

evaluation. Since average percentages were
replicated for each test condition, we applied

t-tests to examine departure of their means
from 50 percent. Arcsin transformations
(Snedecor, 1957) of the average percentages
were used to compute t_- values.

RESPONSE OF SALMOOTDS TO ORIFICE
CONDITIONS

Experimental Design

The experiment was divided into the fol-

lowing four test conditions to examine the
response of salnnonids to orifice alignment
and depth: (1) a horizontal and a vertical
orifice, both 9 feet below the water surface;

(2) a horizontal and a vertical orifice, both
3 feet below the surface; (3) two horizontal
orifices, one 3 feet and one 9 feet below the
surface; and (4) two vertical orifices, one 3

feet and one 9 feet below the surface. Test
conditions 1 and 2 constituted one block, and
test conditions 3 and 4 constituted another
block. We randomized test conditions within
blocks and ran blocks alternately for three
or four replications.

Because of the possibility of more fish
entering one channel than the other, regard-
less of the position or depth of the orifice,

the orifices were changed from one channel
to the other halfway through each test period.
Each test period lasted 2 days because it was
impractical, for both biological and mechani-
cal reasons, to modify a test condition at

intervals shorter than 1 day. We assigned
orifices to the north and south channels
randomly on the first day of each 2-day
period.

This design requires the assumption that
approach patterns remain similar on both
days for a 2-day test period. In other words,
if a majority of fish approach the test panel
from the right side on the first day, a simi-
lar majority is assumed to do so the next

The analyses of our experiments, including
four test conditions of orifice settings and
observations on the lateral orientation of fish

in the experimental system, are discussed
in the following passages:

Test Condition 1--Deep horizontal orifice

vs. deep vertical orifice

Significantly more than 50 percent of the
Chinook salnnon and steel-head trout entered
the vertical orifice (table 1). The percentage
of coho salmon passing through the vertical
orifice did not differ significantly from 50
percent.

Table 1. —Average percentages^ of salnonids entering orifices in test
condition l--deep horizontal orifice vs. deep vertical orifice

[ Asterisk, significant at 95-percent level; NS, not significant; mean
percentages with neither designation not tested]



Test Condition 2 --Shallow horizontal

orifice vs. shallow vertical orifice

None of the three mean percentages tested
for Chinook salmon, steelhead trout, and coho
salmon differed significantly from 50 percent
(table 2). Chinook salmon and steelhead trout
demonstrated a trend toward use of the verti-
cal orifice in three of the four replicates.
In the exception (second replicate), this en-
trance pattern was reversed, and slightly-

more fish of both species entered the hori-
zontal orifice. This reversal contributed
appreciably to the nonsignificance of the mean
percentages. Only two replicates were run
with coho salmon. Although more fish passed
through the vertical orifice than the hori-
zontal orifice the difference was not signifi-
cant.

Table 2—Average percentages ^ of aaljnonlds entering orifices in test
condition 2—shallow horizontal orifice vs. shallow vertical orifice

[Asterisk, significant at 95-percent level; MS, not significant; mean
percentages with neither designation not tested]



Table 5. --Remainders obtained by subtracting the percentage
of salmonids entering a given orifice when it was on the

north side of the experimental system from the percentage

of those entering the same orifice when it was on the

south during each test period

[Asterisk, denotes a mean difference than was significantly
greater (95 percent level) than zero]

Test



SUMMARY AND CONCLUSIONS

Migrating adult salmonids were presented
with an alternative of entering one of two
orifices. Each orifice measured 2 by 5 feet
and was aligned either horizontally or verti-
cally at shallow or deep settings^ (3 or 9 feet
measured from the centerline of the orifice
to the water surface of the introductory area).
A 1-foot head was maintained on the orifices.
Orifice settings were changed daily and offered
the test fish entry to: (1) vertical and hori-
zontal orifices set deep, (2) vertical and hori-
zontal orifices set shallow, (3) shallow and
deep horizontal orifices, and (4) shallow and
deep vertical orifices.

Unequal use was demonstrated when both
vertical and horizontal orifices were centered
9 feet from the surface, and when horizontal
orifices were centered at 3 and 9 feet. When
both orifices were at 9 feet, more salmonids
used the vertical orifice which, although
centered at the same depth as the horizontal
one, extended farther above and below the
mean depth than the horizontal orifice. When
horizontal orifices were centered at 3 and 9

feet, more salmonids used the shallow orifice
than the deep one.

Unequal use was not demonstrated when both
vertical and horizontal orifices were centered
3 feet below the surface. When vertical orifices
were placed at both depths, percentages of

fish entering the shallow orifice were not

uniformly greater than those entering the deep
orifice.

In conclusion, the vertical orifice generally
is more suitable than the horizontal orifice
and the shallow orifice is more suitable than
the deep orifice for chinook salmon, steel-
head trout, and coho salmon where centerline
submergence is 3 and 9 feet.
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Created in 1849, the Department of the Interior—a depart-
ment of conservation—is concerned with the management,
conservation, and development of the Nation's water, fish,

wildlife, mineral, forest, and park and recreational re-
sources. It also has major responsibilities for Indian and
Territorial affairs.

As the Nation's principal conservation agency, the De-
partment works to assure that nonrenewable resources are
developed and used wisely, that park and recreational re-
sources are conserved for the future, and that renewable
resources make their full contribution to the progress, pros-
perity, and security of the United States—now and in the

future.
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