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INTRODUCTION 

Pipes are potentially useful as transportation channels for migrating adult 
salmonids. Fish passages through difficult areas at darns might be less costly if 
pipe passageways were substituted for conventional concrete structures, Another 
potential application includes the use of pipes to extend fishways exits beyond the 
immediate influence of spillway gates, 

Fish passage characteristics of pipes may be similar to existing fish fa
cilities. In Washington, Oregon, and California darkened fishways and channels 
up to 500 feet long are in use. Some have lighting systems, but most are operated 
in the dark. Laboratory tests indicated that steel-head trout made faster fishway 
ascents in a darkened fishway than during a lighted condition (Long, 1959). 

The objective of this study was to explore factors affecting pas sage of adult 
salmonids thr,ough pipes. The Bilrst year of a 2-year study included exploratory 
work on 100-foot sections of I-foot and 3-foot-diameter pipes. In the second year, 
we tested a 270-foot long, 2-foot-diameter pipe with two 180-degree turns and a 
90-foot section of l-foot-diameter pipe. Water velocities, light conditions, and 
entrance conditions were tested to establish criteria for the passage of salmonids 
in pipes. 1 

~......," . 

ITests are still in progress, so findings are not complete at this writing. 



EXPERIMENTA L EQUIPMENT 

Laboratory 

This experiment was conducted at the Fisheries-Engineering Research 
Laboratory located on the Washington shore of Bonneville Dam. A detailed des
cription of the laboratory is given by Collins and Elling (1960). 

Description of Pipes 

This study was done during the 1963 and 1964 field seasons with a different 
installation each season. 

The initial installation in 1963 was comprised of two 100-foot lengths of 
smooth surface pipe with diameter s of 1 and 3 feet (Fig. 1) and an approach, intro
duction, and exit pool (Fig. 2), The pipes were level and the centerline of both 
pipes was at the same elevation. Hinged doors (Fig. 3) were placed at both ends of 
the pipes, enabling either pipe to be used independently. The weir in the exit pool 
was provided with a finger trap to prevent fish from falling back into the system 
after completing passage (Fig. 3). Water velocities in the pipes were controlled 
by regulating the head on the pipes with stoplogs in the introductory and exit pools. 
There was no interior lighting within the pipes in the 1963 study. 

The installation in 1964 (Fig. 4) consisted of two pipes, one 2-foot-dia.,. 
meter pipe 270 feet long with two 180 0 bends (Fig. 5) and a I-foot-diameter 
straight pipe 90 feet long. Both pipes had smooth surfaces. The pipes were level 
with the same centerline elevation and separate introductory and exit pools. This 
permitted simultaneous use of both pipes with a different water velocity in each 
pipe. 

Hydroscopes (Fig. 6) were used for visual observations and were placed 
at the entrances and exits of both pipes. The exit area of the 2-foot-diameter 
pipe (Fig. 6) contained a wire fyke and a luminescent light panel directly below 
the hydroscope. Electronic detectors (points 1 through 8, Fig. 7) wired to a 
time-event operations recorder were used to provide a record of the fish passage 
through various sections of the system o 

Lighting 

General lighting in the open pool areas of the laboratory was provided by , 
1, OOO-wat't mercury-vapor lights spaced at 6-foot intervals 6 feet above the water 
surface. This provided a light intensity comparable to light conditions in the main 
Bonneville fishway during a bright, cloudy day, 
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Figure l.--Plan and side elevation views of l-foot- and 
3-foot-diameter pipe installation. 
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Figure 2,--Installation of the 1- and 3-foot-diameter 
pipes in the laboratory, 
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Figure 3.--Exit pool for l-foot- and 3-foot-diameter pipes. 
Hinged doors are above pipe openings. Finger trap is 
attached to stoplog in foreground. 
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Fiqure 4.--Diaqrammatic plan view of laboratory showinq pipe 
arrangement. Pipe light. are at numbered point. 1 through 16. 
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Figure 5.--Plexiglass window for viewing fish as they 
enter 2-foot-diameter pipe. One of the 180 0 turns 
is shown on right. 
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Figure 6.--Exit pool of 2-foot-diameter pipe system. 
Hydroscope for viewing fish is in center below observer. 
Exit fyke with removable funnel is in foreground. 
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Figure 7.--Plan view showing physical features of pipe 
installation. Electronic detectors are at numbered 
points 1 through 8. 
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IlluITlination for the interior of the 2-foot-diaITleter pipe was provided by 
75 -watt flood laITlps. The head of the laITlp protruded 1 inch into the top of the 
pipe (Fig. 8). In a dry pipe, the flood laITlps produced an average light intensity 
of 321 foot-candles ITleasured on the bottoITl of the pipe below the light source, 
The lighting array consisted of 16 units spaced 17 feet apart on the straight sect
ions of the 2-foot pipe (Fig. 4) . 
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Figure 8.--Installation of 75-watt flood lamps on the, 
2-foot pipe system. Head of lamp shown at left is 
the portion inserted into the pipe. 
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Transition Zones 

Tests with two types of light transition zones were made in the 3-foot
diameter pipe during the 1963 season. The first was the normal light condition 
used throughout the season which gave an abrupt transition from the lighted intro
ductory pool (Fig. 1) to the dark pipe at the downstream end, and from the dark 
pipe to lighted exit pool at the upstream end. The second condition, obtained by 
putting plywood covers on the introductory and exit pools, gave a gradual light 
transition from lighted entry weir A to the dark pipe on the downstream end, and 
from the dark pipe to lighted exit weir on the upstream end. 

Truncated cones were used for transition zones between the introductory 
pools and pipes in 1964. These were placed on the downstream ends of the l-foot
and 2-foot-diameter pipes. The cone on the I-foot diameter.pipe.tapereddown . 
from a 3-foot to a I-foot diameter, and the cone on the Z.,£oot-diameterpipe taper
ed from a 3-foot to a 2-foot diameter. Both cones were 10 feet long and took up a 
greater part of the introductory pool, which was 14 feet long. The pipe s were un
lighted except for a minimal amount of light entering through the ends of the pipes. 
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PROCEDURE 

Timing 

A time-event operations recorder was employed to record passages through 
the test area. Observers at the release, entry, and exit points were equipped with 
push button switches to transmit information on fish passage to the recorder, 
where the information was transcribed onto an operations sheet. 

As it was not possible to see the fish as they entered the l-foot- and 3-foot·· 
diameter pipes during the 1963 test season, the timing zone extended from the 
downstream weir of the introductory pool to the upstream weir of the exit pool 
(A to B, Fig. 1). The timing zones used in 1964 were somewhat more precise. 
Introductory pool passage times (release box to point A, Fig. 4) and pipe passage 
times (A to B, Fig. 4) were obtained. An arbitrary timing period of 45 minutes 
was used. If a fish had not gone through the pipe in 45 minutes, timing was, 
stopped and another fish started. 

Release of Fish 

Fish entered a relaease box where species and size was ascertained, The 
fish were then released into the introductory pool of the selected pipe system•. 
Only one fish was used at a time. 

Experimental Design 

Variations of a.Latin square experimental design were used in this study. 

RESULTS 

This study on the passage of salmonids through pipes included effects of 
water velocity, pipe diameter and length, transition zones. and light on passage 
of fish. Chinook salmon (Oncorhynchus tshawytscha). sockeye salmon (Oncor,.. 
hynchus nerka), and steelhead trout (Salmo gairdneri) were used in these experi
ments. Results to date are as follows: 

Effect of Velocity 

Tests measuring the effect of water velocity on passage of salmonids 
through pipes were conducted in 1-. 2-, and 3-foot-diameter pipe systems. 
Water velocities ranged from O. 5 to 4 feet per second (f. p. s. ). 
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Three-Foot-Diameter Pipe, 1963 

Spring chinook were tested in the 3-foot-diameter pipe under water 
velocities of 1 and 2 f. p. s. Summer chinook, sockeye salmon, and steelhead 
trout were tested in water velocities of O. 5, 1, and 2 f. p. s. 

Spring chinook. --Mean and median passage times during two test periods 
(April and June) in water velocities of 1 and 2 f. p. s. are given in Table 1. The 
re sults showed that fish passage was slightly slower in the higher water velocity, 
but the difference was not significant. On the basis of numbers completing pass
age within the 45-minute time period, however, the higher velocity condition 
appeared to have a slight advantage (80 percent passage under 1 f. p. 'so and 88 
percent under 2 f. p. s. ). 

Summer chinook. - ..Passage (Table 1) was slowest at the. 5 f. p. s. water 
velocity and fastest at I f. p. s. The median passage time obtained at the water 
velocity of I f. p. s. was significantly faster than the passage times obtained at both 
• 5 and 2 f. p. s., but from a practical standpoint, the difference was slight. The 
percentage of chinook completing passage within the time limit was about the same 
at all three water velocities used. 

Sockeye. - -Sockeye passage (Table 1) was slowest at the water velocity of 
• 5 f. p. s. and fastest at I f. p. s. Median passage times at three velocities, how
ever, did not differ significantly. Also, the percentages of fish completing pass
age within the time limit were about the same at all velocities. 

Steelhead--Steelhead passage (Table 1) was fastest at the water velocity 
of 1 f. p. s. and slowest at 2 f. p. s. The median passage time at 1 f. p. s. was sig
nificantly less than those obtained at O. 5 and 2 f. p. s. Passage time at the O. 5 
f. p. s. velocity was significantly less than that at the 2 f. p. s. velocity. Percent
ages of fish completing passage within the time limit were 84 percent of O. 5 f~ p. s. 
61 percent at I f. p. s., and 41 percent at 2 f. p. s 

One-Foot Diameter Pipe, 1963 

Preliminary tests with chinook salmon were made under water velocities 
of 1. 2, 3 and 4 f. p. s. in the I-foot diameter pipe (Table 2). At a water velocity 
of 1 f. p. s., the I-foot diameter pipe proved unacceptable to spring chinook. Of 
nine fish, only one went through the pipe readily; the rest remained in the approach 
and introductory pools. Several went through the pipe after a few hours, but the 3
foot pipe had to be opened to pass the remainder. 

Tests to measure effect of water velocity on fish passage were then con
ducted with velocities of 2 and 4 f. p. s. for chinook salmon, and with watervelo
cities of 1, 2, and 4 f. p. s., for sockeye salmon and steelhead trout. 

6 



------

------

------

------
------

------ ------

Table 1. Passage times of chinook salmon, sockeye salmon. and steelhead trout through a 3 -foot
diameter pipe system with water velocities of O. 5, 1, and 2 £. p. s., 1963. 

Passage time by water velocity in pipe 
O. 5 f. p. s. velocity 1 f. p. s. velocity 	 2 £. p. s. velocity 

Species and dates n Mean 1 n Median n Mean1 n Median n Mean1 n Median 
MinutesMinutes Minutes Minutes Minutes Minutes 

Spring Chinnok: 
April 19 -.- - --- ------- 20 5.4 21 2.0 -----
April 20 ------ ------- 14 5.0 15 3. 5 

April 29 and May 2 ------ - ------ 26 4.6 30 2. 5 -.- ----- -----
April 30 and May 1 ------ ------- 28 6. 1 30 3. 6 

Summer Chinook: 
June 9, 12 ------ - ------ 31 3.8 33 3. 2 -----
June 10, 11 ------ - ------ 27 6. 2 28 3.9 

0' 	 ------ -----
I\l 	 June 22, 23 17. 7.6 19 4.7 

June 21, 24 ------ ------ 12 3. 6 12 -----

Sockeye: 

June 22, 23 19 .5.3 20 4.5 -----
June 21, 24 --- -- ----- 23 3. 7 26 2. 7 -----

50 	 ------ -----July 5, 8 	 --- -- -.----- 47 3. 8 2. 8 
35 	 5. 6 37 3. 7July 6, 7 	 -----

Steelhead: 

July 23, 28 21 5. 2 25 4.8 


23 	 ------ ------July 24, 26 	 --- -- -~- 14 3.8 2.9 
7 	 5. 2 17 26.0July 25, 27 --- .. - - -

1Based on fish for which complete times are available. 



Table 2, --Passage times of spring chinook salmon ascending 
100 feet of l-foot-diameter pipe at water velocitie s of 
I, 2, 3, and 4 f. p. s. Test period, April 15-24, 1963. 

Water velocity in pipe 1 F. p. s. 2 F. p. s. 3 F. p. s. 4F.p.s. 

Mean passage time 1 (minutes) 

Sample Slze•........•....•.• 

6. 0 

1 

12.5 

10 

11,3 

16 19 

Median pa'ssage time (minutes) Over 

Sam.ple size...... II ••••••••••• 

Lower limit of median~ •.••••.. 

Upper limit of median2•.•..••.. Over 

45 

9 

10. 0 

45 

24. 1 

20 

12.2 

Over 45 

10. 1 

21 

5, 7 

29. 1 

14. 2 

25 

7, 8 

21. 7 

IBased only on fish for which complete times are available. 

2 
95 percent confidence intervals about the median. 
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Spring chinook. --Median and mean passage times in the two test periods 
are given in Table 3. In general, the passage times indicate that chinook moved 
faster at 4 f. p. s. than at 2 f. p. s. The percentage of fish passing through the pipe 
within the time limit (45 minutes) indicates that the high velocity is more attractive 
to fish, (70 percent at 2 f. p. s. and 82 percent at 4 f. p. s. ). 

Summer chinook. --Chinook passage times (Table 3) were less at the water 
velocity of 4 f. p. s. than at 2 f. p. s., but the difference was not statistically sig
nificant. The percentage of fish completing passage within the time limit (45 mi
nutes) was greater at the higher velocity- -65 percent as compared to 58 percent. 

Sockeye. --Sockeye passage (Table 3) was fastest when the water velocity 
was 4 f. p. s., but passage at 2 and 4 f. p. s. and slowest at 1 f. p. s. Passage times 
at 1 f. p. s. were significantly slower than those at 2 and 4 f. p. s., but passage at 
2 and 4 f. p. s. did not differ significantly. Percentages of fish completing passage 
within the time limit at the 1, 2, and 4 f. p. s. water velocities were 46, 78, and 85 
percent, respectively. 

Steelhead. - -Performance of steelhead was somewhat different than that 
exhibited by both chinook and sockeye which had their fastest passage at the high
est water velocity ~ 

Steel head passage (Table 3) was fastest when the water velocity was 2 .•. 
f. p. s. and slowest at 1 f. p. s. Median passage times at the water velocities of 
2 and 4 f. p. s. were significantly less than that under a velocity of 1 f. p. s. 
There was no significant difference between the passage times obtained at the water 
velocities of 2 and 4 f. p. s. Percentages of fish completing passage within the;;" 
time limit were as follows: 44 percent at 1 f. p. s., 86 percent at 2 f. p. s" and 
79 percent at 4 f. p. s. 

Two-Foot Diameter Pipe, 1964 

The effect of water velocity on fish passage was examined in a 2-foot 
diameter pipe in 1964. Water velocities of I, 2. and 3 f. p. s. were used in all 
experiments except for the summer chinook, which were tested at only the 1 and 
3 f. p. s. velocities, 

Spring chinook. --The test periods covered the peak and the end of the 
spring migration. Results of the initial experiment covering the peak of the run 
(April 23 to May 1) shown in Table 4. Median passage times at the water 
velocities of 2 and 3 f. p. s. were significantly less than the time at a velocity of 
1 f. p. s. There was no significant difference between the passage times at water 
velocities of 2 and 3 f. p. ,so The percentages of chinook completing pas sage at 
the 1, 2, and 3 f. p. s. velocities were quite similar (86, 82 and 85 percent, re
spectively). 
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Table 	3. - -Passage times of chinook salmon, sockeye salmon, and steelhead trout 

through a I-foot-diameter pipe system with water velocities of I, 2, and 4 

f. p. s., 1963. 

Passage times by velocity in pipe 

1 f. p. s. 2 f. p. s. 4 f. p. s. 

Species and dates , n Mean l n Median n MeanI n Median n Mean I n Median 

Minutes Minutes Minutes Minutes Minutes Minutes 

Spring chinook: 

'April a:6, 27 -------- - ------- 15 10. 6 21 15.8 ------- -----

April 25, 28 ---------- - ------- ------- ------- 22 11.0 26 9. 8 

May 7, 10 -------- - ------- 17 12. 5 25 15. 2 ------- - ---
May 8, 9 ---.----- - ------- ------- ------- 14 8.4 18 9. 2 


Summe r chinook: 

June 6. 7 -------- - ------- 11 16.5 19 25. 7 ------ -- - -
June 5, 8 -------- - ------- 13 11. 9 20 13. 8 


-J 
III 


S$>ckeye: 

June 25 & July 1, 3 1317.2 28 36. 1 ------ - - - - 
June 26. 29 &: July 4 ------- ------ 29 12.9 37 17.9 ------ - - --

35 8.4 41 8.4June 27. 30 &: July 2 -- ------- ------

Steelhead: 

.rilly 17 &: 22 7 9.7 16 35.5 ------ ---- 
July 18 & 20 ------- ------ 30 7. 2 35 7.2 -----
July 19 &: 21 - - ------- ------ 23 11. 1 29 13. 5 




The second test period covered the end of the spring :migration (May 11 to 
19), Though there was no significant difference between the :median passage ti:mes 
at the three velocities tested, chinook did travel slightly faster in the 3 f. p. s. 
velocity (Table 4), Percentages of fish co:mpleting passage within the ti:me li:mit 
at the velocities of 1, 2, and 3 f. p. s, were 88, 69, and 79 percent, respectively. 

During both test periods, willingnes s of the chinook to enter the pipe fro:m 
the introductory pool appeared to be directly related to the preveiling velocity; 
i. e., the higher the velocity, the :more rapid the entry, 

Su:m:mer chinook.--Median passage ti:me of chinook in the 3 f, p. s, water 
velocity was significantly les s than the ti:me obtained at 1 f. p. s, (6. 9 and 10, 4 
:minutes respectively, Table 4). Passage ti:me through the introductory pool 
was about the sa:me under both water velocities, A slightly larger percentage of 
chinook co:mpleted passage within the 45-:minute ti:me li:mit at the 1 f, p. s. water 
velocity than at the 3 f, p. s, velocity (92 and 87 percent, respectively). 

Sockeye. - -Median pas sage ti:me s through the pipe under water velocitie s 
of 1, 2, and 3 f. p. s. were 5. 8, 7, 9, and 6. 5 :minutes respectively (Table 4), 
Passage through the introductory pool was about the sa:me at aU three velocities 
tested~ The percentages of sockeye co:mpleting passage within the ti:me li:mit at 
water velocities of 1, 2, and 3 f. p. s. were 93, 79, and 89 percent respectively. 

Steelhead. --There was no significant difference in :median passage ti:mes 
through the 2-foot pipe at water velocities of 1, 2, and 3 f. p. s. (20.3, 16,9, and 
19.8 :minutes respectively, Table 4), Passage ti:mes through the introductory 
pool were about the sa:me at all three velocities used. The percentage of fish 
co:mpleting passage through the pipe syste:m within the ti:me li:mit was 65, 68, and 
59 percent of velocities of 1. 2, and 3 f. p. s. respectively. 

Effect of Pipe Dia:meter 

The experi:ment was designed to deter:mine the effect of pipe dia:meter on 
the passage of chinook, sockeye. and steelhead. Passage ti:mes through the 1
foot and 3-foot-dia:meter pipes (A to B. Fig, 1) were used to :measure the effect 
of pipe size on fish passage. 

All three species of sal:monids tested gave essentially the sa:me results. 
Median passage ti:mes (Table 5) in the 3-foot-dia:meter pipe syste:m were sig
nificantly shorter than those in the 1-foot-dia:meter pipe syste:m. Over 90 per
cent of the fish tested co:mpleted passage in the 3 -foot dia:meter pipe, whereas 
only 61 percent passed through the l:-foot dia:meter pipe. 

8 




-----

--

Table 4. --Passage times of chinook salmon, sockeye ~almon, and steelhead trout ascending 270 feet of 2-foot

diameter pipe at water velocities of 1, 2, and 3 f. p. s. Pi:)e system includE'd two 1800 bends. April-July, 
1964. 

Pas5age time by velocity in PlP~ 
Lower Upper 

limit limit 

1 1 
> 

1 2 2 
2 f. E. s. 1~· ~~ 

Species and date n Mean n Median n Mean n Median n Mean n Median median median 

~.-------~------

Minutes Minutes Minutes Minutes Minutes Minutes Minutes Minutes 

~ing chinook 
April 23, 26, 30 30 12.3 42 13.0 ------- -----_. ------- 7.3 16.2 

April 25, 28, May 1 41 8.7 50 8.2 ---,---- 5.8 12.2 

-~.-----April 24, 27, 29 ------ ... 46 8,2 54 7.7 6,3 11. 6 


May 11, 14, 18 45 10.9 51 10.6 ---- ...... -- --- "--- 7 6 13.6 


May 13, 16, 19 20 11.5 29 12.8 ------- 6.5 37,6 


May 12, 15, 17 ------- ------- 34 9.4 43 8.8 6.5 14.2 


Summer chinook 


June 24, 23 24 12_3 26 10.4 - --- --- -.------ ------- 5_ 5 18.7 

___ 0- __ June 22, 25 ------- 27 7.8 31 6.9 5_<' 9.8 

00 Sockeye
III 

July 4, 6, 9 40 8.1 43 5.8 .'------ - -- - -.- -- -- 5.2 3.3-.~ -.~ 

July 5, 8, 11 41 S.2 52 7.9 6. 1 14.4 


July 3, 7, 10 -------- 47 7.8 53 6.5 5.5 8.4 


~!celhe~ 
.~-July 21, 23, 26 22 13.6 34 20.3 -- --.- - - - ------- - - .-- 1 j . 7 45+ 

July 22, 25, 30 26 14.3 38 16.9 -.--- - -,'-- 11.5 40.3 

July 20, 24, 27 ------,- - ------ 20 17_ 1 34 19.H i5.6 45j 

--------------- ------------.------ ..- ---_. --------_._. -"- -----.- ----- 
1 

Based on fish for which complete times are available. 

2 
95 pcrcellt confidence intervals about the median. 



Table 5. - -Passage times of chinook salmon, sockeye salmon, and steel-
head trout through 1-foot- and 3-foot-diameter pipe systems at 
a water velocity of 2 f. p. s. , 1963. 

Passage time by pipe diameter 
" 

I-foot pipe 3-foot pipe 

Species and dates n Mean1 n Median n Mean n Median 

Minutes Minutes Minutes Minutes 
Spring chinook: 
May 3, 6 10 11. 1 19 25. 1 - -- -- - - - -
May 4, 5 33 5. 6 34 3. 2 

Summe r chinook: 
June 13, 16 13 12. 2 20 14. 7 --- -
June 14, 16 24 5.4 26 3.3 

00 
r::;' 

Sockeye: 
July 10, 11 8 8. 2 13 15. 6 
July 9, 12 26 4. 2 28 3.0 

Steelhead: 
July 10, 11 8 9.7 12 16. 1 
July 9, 12 23 3.9 24 3.3 

IBased on fish for which complete times are available. 

295 pe;cent confidence intervals about the median. 

Lower Upper 
limit limit 

of of 

median
2 median

2 

Minutes Minutes 

7.2 45+ 
2.4 5. 8 

8. 8 34. 8 
2. 1 6.4 

4.4 45+ 
1.9 4.4 

2. 5 45+ 
2. 6 4.3 



Effect of Light 

Pas sage time through the 2-foot-diameter pipe (A to B, Fig. 4) was used 
to measure the effect of light on fish passage. During the experiments. a water 
velocity of 3 f. p. s. was maintained in the pipe. Summer chinook, sockeye, and 
steelhead were tested. 

Summer chinook.--Median passage times of summer chinook (Table 6) in 
the lighted pipe were significantly greater than those in the dark pipe (11. 8 and 
7. 8 minute s respectively). 

Sockeye. - -Sockeye passed through the pipe slightly faster (6. 8 and 8. 5 
minutes, respectively) when the pipe was lighted than when it was dark (Table 6), 
but the difference was not statistically significant, Median passage times through 
the introductory pool (release box to A, Fig, 4) were about equal under the two 
light conditions and appeared to be unaffected by the light conditions in the pipe. 

Steelhead. - -Steelhead moved through the pipe at a significantly faster rate 
(7. 0 and 24. 6 minutes, respectively) when the pipe was lighted than when it was 
dark (Table 6). Median passage times through the introductory pool were about 
the same at both light conditions. 

Transitiqn Zone s 

Two studies were made tp assess the effect of a transition from pool to 
pipe on fish passage. The first, with the 3-foot-diameter pipe, used abrupt and 
gradual light change s at the pipe entrance. The second, with the I-foot- and 
2-foot-diameter pipes, used truncated cones on the pipe entrances. 

Light 

Experiments under the two light transitions were conducted with summer 
chinook, sockeye, and steelhead. Under both light conditions, water velocity in 
the pipe was 2 f. p. s. The respective median passage times of chinook and sock
eye were virtually indentical (Table 7) under the two light conditions, Steelhead 
also showed little difference in performance under the two conditions. 

Most of the fish completed passage through the system regardless of the 
pr evailing light transition. 

Truncated Cones 

The effect of a cone-type transition on fish passage through a pipe system 
was measured by comparing passage times under two conditions--( 1) with the cone 
attached to the pipe entrance and (2) without the cone. Two passage time s were 
obtained- -passage through the introductory pool and passage through the pipe. 
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Table 6. - -Passage times of chinook salmon, sockeye salmon, and 
steelhead trout through a 2-foot-diameter pipe 270 feet 
long under light and dark conditions. The pipe system 
included two 1800 bends. 

Passage time by lighting condition 
Lower Upper 
limit limit 

Dark Light of of 

Species and dates n M.ean 1 n Median n Mean l n Median median2 median2 


Minutes Minutes. Minutes Minutes
Summer chinook: 

June 25, 28 37 9. 1 39 7.8 4;8 9.8 

June 26, 27 18 13.4 25 11. 8 7. 1 43. 7 


Sockeye: 

July 12, 15 44 9. 2 45 8. 5 6. 3 10. 2 


_--.:to.'July 13, 14 39 7.8 41 6. 8 5. 6 8. 8 

-.0 

III 


Steelhead: 

July 17, 20 12 12.4 22 24.6 10.0 45+ 

July 18, 19 51 8.4 52 7.0 6. 2 8. 3 


IBased on fish for which complete times are available. 

295 percent confidence intervals about the median. 



- ---~~-------- 

~ 
.. . ·.1 

: 

Table 7. --Passage of times chinook salmon, sockeye salmon, and I 

I 


steelhead trout in the 3 -foot diameter pipe system with a 
change in light transition from pool to pipe, June & July 
1963. 

Pas sage time by type of transition 

A brupt light change Gradual light change 

Species and dates n Mean 1 n Median n Mean1 n .Median 

Chinook: 

June 17 & 20 32 6. 3 35 4. 6 

June 18 & 19 30 6. 2 34 4. 5 


Sockeye: 
J~ly 13 & 16 10 4.0 11 2. 7 

July 14 & 15 14 3.8 14 2. 8 


Steelhead: 
July 13 & 16 29 3.4 31 3. 0 

July 14 & 15 21 5. 1 24 3. 7 


IBased on fish for which complete times are available. 
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Spring chinook. --Spring chinook were tested under water velocities of 
4. 3 f. p. s. in the l-foot-diameter pipe and 3 f. p. s. in the 2-foot-diameter pipe. 
Introductory pool passage times (median), with and without the cone on the I-foot 
pipe. were. 8 and 9.6 minutes, respectively (Table 8). Therefore, chinook 
salmon entered the l-foot-diameter pipe far more readily when a cone was used 
for a transition zone from pool to pipe. Chinook moved through the pipe at about 
the same rate under the two entrance conditions. 

In the 2-foot-diameter pipe system, the introductory pool passage times 
(median), with and without the cone on the pipe, were 1. I and 2.3 minutes, re
spectively (Table 9). This indicates that the cone had only a slight effect on fish 
entry into the larger pipe. Pas sage times through the pipe section did not differ 
significantly under the two entrance conditions. 

Summer chinook. --Summer chinook were tested under water velocities of 
3 f. p. s. in both the l-foot-and 2':'£oot-diameter pipes. The results were quite 
similar to those obtained previously with spring chinook. The median passage 
time through the introductory pool (Table 8) was significantly less when the cone 
was on the l-foot-diameter pipe than when it was off (. 8 and 4. 8 minutes, re
spectively). The rate of passage through the pipe was unaffected by the entrance 
conditions, being quite similar under both conditions. 

In the 2-foot diameter pipe system, summer chinook passed through the 
introductory pool in about the same time at both entrance conditions (0. 6 and 
0.5 minutes, respectively) with and without the cone (Table 9), thus indicating 
that the cone did not materially aid summer chinook in entering the pipe. Median 
passage times through the' piBe, with and without the cone were 6. 5 and 7.0 
minutes, respectively. The difference was not significant, 

Sockeye. - -Both the l-£oot- and 2-foot-diameter pipe systems were oper
ated with a water velocity of 3 f. p. s. Median passage time through the introduc
tory pool of the l-foot-diameter pipe system (Table 9) was significantly less with 
the cone on the pipe than without the cone (0.6 and 15.9 minutes, respectively). 
However. once sockeye entered the 12-inch pipe, passage times through the pipe 
were the same under both entrance conditions. 

These results indicated that the cone greatly facilitated the entrance of 
sockeye into the l ..foot pipe. Further evedenceis noted in the percentage of 
fish entering the pipe with and without the cone on the end. Forty-four sockeye 
entered the introductory pool with the cone on the pipe, and all went into the pipe 
within the 45 minute time limit, Twelve sockeye entered the introductory pool 
without the cone on the pipe, but only six fish went into the pipe within the time 
limit. 

In the 2-foot-diameter pipe system, the median passage time through the 
introductory pool was. 4 minutes under both entrance conditions (Table 9). The 
sockeye passage times through the pipe of 4. 2 and 6. 6 minutes (with and without 
the coneg respectively) were not significantly different. The results indicate 
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Table 8. --Passage times of chinook salmon, sockeye salmon, 
and steelhead trout through the 14-foot introductory pool 
of the l-foot-diameter pipe system under two entrance 
conditions. 1964 

.~~-:"-~-.. ,~.----.--:~-~---

Species and dates n 

Passage time by entrance conditions 

Without cone on pipe With cone on pipe 

Mean l n Median n Meanl n Median 

Lower 
limit 

of 

. d' 2me lan 

Upper 
limit 

of 

d . 2 
me lan 

Spring chinook: 
May T, 10 
May 8, 9 

20 

Minutes 

8.7 27 

Minutes 

9. 6 
38 

Minutes 

1. 4 45 

Minute s 

O. 8 

Minute s 

3. 2 
0.8 

Minutes 

34. 6 
1. 9 

,Summer chinook: 
...... June 29, & July 3 10 5. 5 11 4. 8 3.4 .11. 5o 
III July I, 2 21 1. 4 22 O. 8 0.4 2. 0 

Sockeye! 

June 29 & July 3 6 4. 6 12 15.9 2. 1 45+ 

July 1. 2 44 1.4 44 O. 6 O. 5 1.0 


Steelheadt 

July 31 & Aug. 4, 5 18 6.8 18 3.5 1.4 7.8 

Aug. 1, 2, 3 63 1. 9 63 0.8 O. 6 1. 1 


IBased on fish for which complete times are available. 

295 percent confidence intervals about the median. 



Table 9. - -Passage time s of chinook salmon, sockeye salmon, and steelhead 
trout, through the l4-foot introductory pool of the 2-foot-diameter 
pipe system under two entrance conditions, 1964. 

Passage time by entrance condition 
Lower Upper

Without cone on pipe With cone on pipe 
limit of limit of 

1 · 2 d . 2
Species and date n Mean1 n Median n Mean n Median medlan me lan 

Spring chinook: 
May 7, 10 17 2. 6 22 2. 3 --- -- 1.0 3.0 
May 8, 9 12 2. 6 15 1. 1 O. 6 2. 9 

Summer chinook: 
June 29, &: July 30 11 O. 8 11 O. 5 O. 3 1.7 
July 1, 2 8 . 8 O. 6 O. 3 2. 0 

>--' Sockeye: 

0 June 29 &: July 30 22 1.2 23 0.4 O. 3 .8

CJ' 

July 1, 2 13 1.2 14 0.4 O. 2 2. 9 

Steelhead: 
July 31 &: Aug. 4,5 16 1.2 17 O. 7 0.4 1.3 
Aug. 1, 2, 3 23 7. 6 24 O. 6 0.4 1.0 

lBased on fish for which complete times are available. 

295 percent confidence intervals about the median. 



1 

that the cone on the 2-foot pipe doe s not improve the entrance condition for sock

eye salmon. 


ISteelhead. - -The experiments were conducted with water velocities of I 

4.4 f. p. s. in the I-foot-diameter pipe. In the l-foot-diameter pipe system, 

steelhead passed through the introductory pool at a significantly faster rate when 

the cone was on the pipe than when it was not (0. 8 and 3,5 minutes, respectively, 

Table 8). Practically speaking, the rate of passage through the pipe was unaffect

ed by the entrance conditions. Pas sage time s through the l-foot-diameter pipe 


with and without the cone were O. 2 and 0, 7 minutes, respectively, 

In the 2-foot-diameter pipe syste, passage time (Table 9) through the in

troductory pool was unaffected by the addition of the cone (0,6 and 0,7 minutes, 

respectively, with and without the cone), Passage time through the 2-foot-dia.., 

meter pipe was not significantly different under either entrance conditions. 
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SUMMARY 

A study on passage of adult salmonids through pipes was conducted dur
ing the 1963 and 1964 migration seasons. Effect of water velocity, light, pipe 
diameter and length, and transition zones on passage of fish was studied. Pass
age times through the pipes were used to evaluate the performance of chinook 
salmon, sockeye salmon, and steelhead trout. 

The installations differed during the two seasons. In 1963, two lOO-foot 
lengths of straight pipe, 1 foot and 3 feet in diameter, were used. In 1964, the 
pipe systems consisted of a straight 90-foot length of l-foot-diameter pipe and a 
2-foot-diameter pipe with a. length of 270 feet and having two 1800 bends. Water 
velocities in the pipes ranged from O. 5 to 4.4 f. p. s. Results of the tests follow: 

1. Chinook, sockeye and steelhead entered and passed through a 
3-foot-diameter pipe more readily than through a I-foot diameter pipe. 

2. In the hfoot-diameter pipe, using water velocities of I, 2, 
and 4 f. p. s., chinook and sockeye entered the pipe and passed through it most 
rapidly at the 4 f. p. s. velocity; steelhead entered and passed through most rapidly 
at 2 f. p. s. There was virtually no chinook passage in the I-foot pipe when the 
velocity was 1 f. p. s. 

In the 3 -foot-diameter pipe, using water velocities of O. 5, 1, 
and 2 f. p~ s., chinook, sockeye, and steelhead entered and passed through the pipe 
most rapidly at the water velocity of 1 f. p. s. 

3. In the 2-foot-diameter pipe, using water velocities of I, 2, and 
3 f. p. s., chinook passed through the pipe most rapidly at the 3 f. p. s. water velo
city. Sockeye passed through the pipe most rapidly at the 1 f. p. s. water velocity, 
and steelhead passed through most rapidly at 2 f,p. s. 

4. Gradual and abrupt light changes in the introductory pool did 
not appear to affect fish passage through the 3-foot-diameter pipe system. 

5. A truncated cone used as a transition zone from pool to pipe 
made the I-foot-diameter pipe more acceptable for entry of chinook, sockeye, 
and steelhead but had no effect on entry into the 2-foot-diameter pipe. 

6. Chinook moved through the 2-foot-diameter pipe more rapidly 
under a darkened condition than under a lighted condition. Steelhead were the 
opposite, moving faster under a lighted condition. Light apparently did not affect 
passage of sockeye. 



l 

Conclusions reached are: 

1. Salmon and trout will pass through pipes without internal lighting. This 
includes passageways with 1800 bends and lengths up to 270 feet. 

2. Of the three species tested (chinook, sockeye, and steelhead), only 
steelhead appeared to benefit by the addition of lighting in pipes. 

3. For practical purposes, a pipe diameter of 2 feet is sufficient for all 
salmonids. Chinook salmon will not readily enter and pass through a I-foot pipe 
unless special transition and velocity conditions are provided. 
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