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EXECUTIVE SUMMARY

In 2001, the National Marine Fisheries Service completed the second year of a
study to evaluate travel times of juvenile subyearling chinook salmon Oncorynchus
tshawytscha in the bypass system at McNary Dam.  The first year of study indicated a
delay associated with passage through the juvenile fish bypass system.  During 2001,
radiotelemetry receivers were deployed to determine areas of delay within the gatewell,
collection channel, and separator.  

River-run subyearling chinook salmon were collected and radio tagged at the
McNary Dam juvenile fish collection facility, released into gatewells of three turbine
units, and monitored as they passed through the bypass system.  

All of the 261 radio-tagged fish released were detected as they passed through the
bypass system and exited the separator.  Median residence time in Gatewells 8A, 10A,
and 13A was 8.6, 2.6, and 3.7 hours, respectively.  This accounted for 90-98% of total 
travel time through the juvenile bypass system.
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INTRODUCTION

Fish diversion from turbine passage is an important component in increasing
survival for juvenile salmonid migrants at hydroelectric dams in the Columbia River
Basin (Iwamoto et al. 1994; Muir et al. 1995, 1996).  Numerous studies have examined
post-diversion survival of fish following structural or operational changes at
hydroelectric dams.  However, few studies have evaluated fish passage and timing
through the juvenile fish bypass/collection system after diversion.  

Extensive delays within juvenile fish bypass systems can affect survival and
overall fish health.  The McNary Dam collection facility has been shown to affect stress
levels in fish (Maule et al. 1988).  Stress caused by each element of the bypass system
can have cumulative effects on the fish.  Maule et al. concluded that the amount of time
juvenile chinook salmon Oncorynchus tshawytscha spend in the bypass system can have
serious implications on fish health.  Therefore, any reduction in delay at the gatewell,
collection channel, or separator should reduce total stress experienced by the fish and
diminish impacts on fish health.  

Subyearling chinook salmon migrate downstream later in the season than other
salmonid  populations, and passage delays combined with deleterious conditions may
result in higher mortality rates.  In 1999, the National Marine Fisheries Service (NMFS)
conducted a PIT-tag study to evaluate post-detection bypass survival for river-run
subyearling chinook salmon at McNary Dam (Smith et al. 2000).  \

This work showed that treatment groups released into the gatewell of Turbine
Unit 8 remained within the bypass system for prolonged periods, even for days in some
cases.  As a result, during coordination discussions with the U.S. Army Corps of
Engineers concerning a second year of study, we were asked to determine potential areas
of delay through the use of radiotelemetry.  Results indicated that the median travel time
for subyearling chinook salmon released into Gatewell 8A was 2.5 hours, with gatewell
residence accounting for 97% of the observed delay (Axel et al. 2001).  

Our research objectives in 2001 were 1) to use radiotelemetry methods to further
evaluate juvenile subyearling chinook salmon passage and delay through the McNary
Dam juvenile fish bypass system, and 2) to determine residence times of radio-tagged
fish in the gatewell, collection channel, and separator.



1  Reference to trade names does not imply endorsement by the National Marine Fisheries
Service, NOAA.
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METHODS

Study Area

McNary Dam, the fourth dam on the Columbia River, is located 471 km upstream
from the river mouth.  The study area was the McNary Dam juvenile fish bypass system
including gatewells in Turbine Units 8, 10, and 13, the collection channel, and the
separator (Fig. 1).  The A intakes of each turbine unit were chosen because more water
passes through these slots as a result of turbine rotation direction and conditions represent
a worst-case scenario.  

Radio Tags

Radio tags, purchased from Advanced Telemetry Systems Inc.,1 were pinger-type,
measuring 15 mm in length by 6 mm in diameter and weighing 1.0 g in air.  The radio
tags had an expected battery life of 7 days and transmitted a pulse every 2 seconds.

Test Fish and Tagging Protocol

Fish used in this study were river-run subyearling chinook salmon collected from
19 June through 25 July at the juvenile collection facility at McNary Dam.  Anesthetized
fish were removed from the sample and allowed to recover in a 113.5-L container with
flow-through water 24 hours prior to tagging.  Study fish were measured and their
condition noted.  Test fish ranged from 114 to 134 mm in length. 

Prior to radio tagging, fish were PIT tagged (Prentice et al. 1990) using
individual, pre-sterilized syringes with a 12-gauge hypodermic needle.  Used syringes
were sterilized in ethyl alcohol for a minimum of 10 minutes before reloading with PIT
tags.
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Figure 1.  Locations of telemetry receivers, types of antennas, and release sites in the
juvenile fish bypass system at McNary Dam, Columbia River.
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After fish were PIT tagged, they were radio tagged using gastric tagging
techniques similar to those described by Adams et al. (1998).  Fish were held ventral side
up in an 8-L dishpan containing anesthetic while the transmitter was gently pushed into
the stomach using a plexiglass tube (4 mm in diameter, 150 mm long).  The transmitter
was bent prior to implantation so that the portion protruding from the mouth pointed
posteriorly.

We tagged a total of 267 subyearling chinook salmon.  Individual radio-tagged
fish were held in buckets containing fresh water and placed in a tank with a flow-through
water system mounted on trucks for recovery and transport to the release site.  

Release Protocol

We maintained a post-tagging recovery time of 22 to 24 hours.  The morning after
tagging, fish were transported and released into Gatewells 8A, 10A, and 13A using a
release canister which was lowered to a depth of 18.3 m (Absolon and Brege in press).  
Releases were made between 0500 and 0600 PST.  Prior to release, six dead fish were
removed from the buckets and recorded.  

Monitoring of Radio-Tagged Fish

Radiotelemetry receivers were installed at McNary Dam to monitor the gatewells,
collection channel exit, and separator.  We attached double-shielded coaxial antennas to
the turbine-intake fish screens prior to the annual screen deployment in March.  Dipole
antennas and air antennas were deployed in the collection channel to increase range of
detection.  We placed underwater antennas in the separator to determine entrance and exit
times.

Statistical Analysis

Data files were downloaded daily from telemetry receivers at McNary Dam
during the study period.  Downloaded files consisted of records for each time a radio-
tagged fish was detected.  Records included a date/time stamp and the channel and
wavelength (code) of an individual transmitter.  Each file was then compiled to combine
and count records wherein an individual fish had been detected by the same receiver
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within a 5-minute interval.  Compiled records were sorted by receiver location and
loaded to a database.  False detections were eliminated using the following criteria:  1)
the number of detections on a given receiver occurred at an approximate rate of one every
two seconds for a predetermined minimum number of detections (depending upon the
water velocity at the site) and 2) there was an incorrect chronological progression
through the bypass facility.

Residence time in the gatewell was calculated as the date/time difference between
release and last detection in the gatewell.  Residence time in the collection channel was
calculated as the difference between last detection at the collection channel exit and last
detection at the gatewell monitor.  Separator residence time was determined by first and
last detections on the separator receiver.

Gatewell, collection channel, and separator residence time distributions were
compared with a Kaplan-Meier time-to-event model using a log-rank test statistic
(Hosmer and Lemeshow 1999, Harrington and Fleming 1982).  The "events" were
passage out of the gatewell, collection channel, or separator; thus residence times are the
"time-to-event" data.  
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RESULTS AND DISCUSSION

Distributions of gatewell residence times are shown in Figure 2.  Median
residence time in Gatewells 8A, 10A, and 13A was 8.6, 2.6, and 3.7 hours, respectively. 
Gatewell residence contributed 90-98% of the overall travel time through the bypass
system for radio-tagged fish (Fig. 3).  

 Distributions of passage times from the gatewell orifices (i.e., gatewell residence
times) are shown in Figure 4.  The distribution for Gatewell 8A was significantly longer
than for 10A or 13A (P < 0.001), which were not significantly different from each other
(P = 0.398).  This pointed to a possible difference in operations between the units. 
During 2001, Unit 8 was shut down repeatedly during the subyearling chinook salmon
outmigration.  However, releases were made at approximately 0600 h which, on most
days, gave the fish 14 or more hours to leave the gatewell during normal operation.  For
releases made during a unit outage, seven of the nine fish exited the gatewell before the
unit came back on line.  

Median collection channel travel times for fish released into Units 8, 10, and 13
were 4.5, 5.5, and 10.5 minutes, respectively.  The distributions of passage times through
the collection channel (i.e., collection channel residence times) are shown in Figure 5. 
Collection channel residence times were shorter for Unit 8A than for 10A, and in turn
shorter for 10A than for 13A (P < 0.001).  Collection channel travel time increased with
increased distance from orifice entrance (Fig. 6), with fish released into Unit 13A taking
the longest time to traverse the channel.  There was some evidence that these fish were
able to hold in the northern end of the channel, though few detections were recorded. 

Regardless of the significance of differences, the time spent in the collection
channel was much less than in the gatewells for all releases.  The water velocity within
the channel was approximately 2.1 m/s (Brad Eby, U.S. Army Corps of Engineers, Pers.
commun.).   A passage delay occurred in the vicinity of the floor dewaterer, just upstream
from the collection channel exit flume.  In this area, the channel widens from 2.7 to
4.3 m.  In addition, the channel depth increases from 1.8 m at the north end to 4.3 m at
the south end before the dewaterer.  This creates a pool where subyearling chinook
salmon have been observed holding for prolonged periods of time and explains the
protracted travel times observed for the radio-tagged fish.   
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Gatewell 13A Residence Times
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Figure 2.  Residence times of radio-tagged subyearling chinook salmon in Gatewells 8A,
10A, and 13A at McNary Dam, Columbia River.
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Figure 3.  Percent of travel time for radio-tagged subyearling chinook salmon within the
juvenile fish bypass system at McNary Dam, Columbia River.
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Figure 4.  Curves representing the proportion of fish remaining within the gatewell vs. 
time at McNary Dam, Columbia River.  
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Figure 6.  Collection channel travel times for radio-tagged subyearling chinook salmon
released into three gatewells at McNary Dam, Columbia River.

Collection Channe l Trave l Tim es for
Gatew e ll 13A Re leases

0
10
20
30
40
50

0 
- 

1

2 
- 

3

4 
- 

5

6 
- 

7

8 
- 

9

10
 -

 1
1

12
 -

 1
3

14
 -

 1
5

16
 -

 1
7

18
 -

 1
9

20
 +

M inute s

N
um

be
r 

of
 F

is
h

Collection Channe l Trave l Tim es for
Gatew e ll 8A Re leases

0
10
20
30
40
50

0 
- 

1

2 
- 

3

4 
- 

5

6 
- 

7

8 
- 

9

10
 -

 1
1

12
 -

 1
3

14
 -

 1
5

16
 -

 1
7

18
 -

 1
9

20
 +

M inute s

Nu
m

be
r 

of
 F

is
h

Collection Channe l Trave l Tim es for
Gatew e ll 10A Re leases

0
10
20
30
40
50

0 
- 

1

2 
- 

3

4 
- 

5

6 
- 

7

8 
- 

9

10
 -

 1
1

12
 -

 1
3

14
 -

 1
5

16
 -

 1
7

18
 -

 1
9

20
 +

M inute s

Nu
m

be
r 

of
 F

is
h



12

Distributions of passage times through the separator (i.e., separator residence
times) are shown in Figure 7.  The distributions for fish released in the three gatewells
were not significantly different (P = 0.180).  Also, much less time was spent in the
separator than in the gatewells for all releases.  The median residence time, without
regard to release site, was 6.5 minutes.  

Water temperatures within gatewells were variable throughout the duration of the
study.  The highest average temperature varied among the three gatewells for each
release day (Fig. 8).  There was no significant correlation found between temperature and
gatewell passage (P = 0.621).  
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Figure 7.  Curves representing the proportion of fish remaining within the separator vs.
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Average daily water temperatures
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RECOMMENDATIONS

To expedite passage of subyearling chinook salmon is particularly important to
minimize descaling, injury, and stress-related impacts that may occur in the bypass
system, as well as to avoid elevated water temperatures.  Based on our study, gatewell
residence accounted for 90-98% of the total travel time through the bypass system;
therefore, the best opportunity for reducing passage delay would be to reduce gatewell
residence time.  

Fish released into Gatewell 8A took three to four times longer to exit the gatewell
than fish released into Gatewells 10A and 13A.  Fish released in Gatewells 10A and 13A
showed no significant differences between each other; however, 8A was significantly
different from the other two.  There appears to be some difference in the gatewell
environment that causes much longer residence times in Gatewell 8A.  Further evaluation
is necessary to investigate differences within the gatewell environments to more fully
understand factors that result in passage delay and impacts to fish health and survival at
McNary Dam.



16

ACKNOWLEDGMENTS

We thank the following U. S. Army Corps of Engineers personnel for their
contributions to this study:  Marvin Shutters, Paul Ocker, and Rebecca Kalamasz from
the Walla Walla District Office; and Brad Eby and his staff at McNary Dam.  We also
thank Washington Department of Fish and Wildlife’s Rosanna Tudor and staff at McNary
Dam. 

We acknowledge the much appreciated assistance and support of the following
NMFS personnel:  Byron Iverson, Scott Davidson, Ron Marr, Brad Eppard, Eric
Hockersmith, Thomas Ruehle, Galen Wolf, and Steven Brewer.



17

REFERENCES

Absolon, R. F., and D. A. Brege.  In press.  Canister for releasing marked fish at depth in
hydroelectric dam gatewells and forebays.  N. Am. J. Fish. Manage.

Adams, N. S., D. W. Rondorf, S. D. Evans, and J. E. Kelly.  1998.  Effects of surgically
and gastrically implanted radio transmitters on growth and feeding behavior of
juvenile chinook salmon.  Trans. Am. Fish. Soc. 127:128-136.

Axel, G. A., and D. B. Dey.  2001.  Evaluation of subyearling fall chinook salmon
passage in the McNary Dam juvenile fish bypass facility, 2000.  Report to U. S.
Army Corps of Engineers, Walla Walla District, 9 p.  (Available from Northwest
Fisheries Science Center, 2725 Montlake Blvd. E., Seattle, WA 98112-2097.)

Harrington, D. P., and Fleming, T. R.  1982.  A class of rank test procedures for censored
survival data.  Biometrika 69:553-566.

Hosmer, D. W., and S. Lemeshow. 1999.  Applied survival analysis:  regression
modeling of time to event data.  New York: Wiley, 386 p.

Iwamoto, R. N., W. D. Muir, B. P. Sandford, K. W. McIntyre, D. A. Frost, J. G.
Williams, S. G. Smith, and J. R. Skalski.  1994.  Survival estimates for the
passage of juvenile chinook salmon through Snake River dams and reservoirs,
1993.  Report to Bonneville Power Administration, Portland, Oregon, Contract
DE-AI79-93BP10891, 126 p. plus appendices.  (Available from Northwest
Fisheries Science Center, 2725 Montlake Blvd. E., Seattle, WA 98112-2097.)

Maule, A. G., C. B. Schreck, C. S. Bradford, and B. A. Barton.  1988.  Physiological
effects of collecting and transporting emigrating juvenile chinook salmon past
dams on the Columbia River.  Trans. Am. Fish. Soc. 117:245-261.  



18

Muir, W. D., S. G. Smith, E. E. Hockersmith, S. Achord, R. F. Absolon, P. A. Ocker, B.
M. Eppard, T. E. Ruehle, J. G. Williams, R. N. Iwamoto, and J. R. Skalski.  1996. 
Survival estimates for the passage of yearling chinook salmon and steelhead
through Snake River dams and reservoirs, 1995.  Report to Bonneville Power
Administration, Portland, Oregon, Contract DE-AI79-93BP10891, Project 93-29,
and U.S. Army Corps of Engineers, Walla Walla, District.  150 p. (Available from
Northwest Fisheries Science Center, 2725 Montlake Blvd. E., Seattle, WA 
98112-2097.)

Muir, W. D., S. G. Smith, R. N. Iwamoto, D. J. Kamikawa, K. W. McIntyre, E. E.
Hockersmith, B. P. Sandford, P. A. Ocker, T. E. Ruehle, J. G. Williams, and J. R.
Skalski.  1995.  Survival estimates for the passage of juvenile salmonids through
Snake River dams and reservoirs, 1994.  Report to Bonneville Power
Administration, Portland, Oregon, Contract DE-AI79-93BP10891, Project 93-29,
and U.S. Army Corps of Engineers, Walla Walla, District.  187 p.  (Available
from Northwest Fisheries Science Center, 2725 Montlake Blvd. E., Seattle, WA
98112-2097.)  

Prentice, E. F., T. A. Flagg, and C. S. McCutcheon.  1990.  Feasibility of using
implantable passive integrated transponder (PIT) tags in salmonids.  Am. Fish.
Soc. Symp. 7:317-32.

Smith, S. G., W. D. Muir, G. A. Axel, R. W. Zabel, and J. G. Williams.  2000.  Survival
estimates for the passage of juvenile salmonids through Snake and Columbia
River dams and reservoirs, 1999.  Report to Bonneville Power Administration,
Contract 1999AI17679, 77 pages (BPA report DOE/BP-17679-1, available from
Northwest Fisheries Science Center, 2725 Montlake Blvd. E., Seattle, WA 98112-
2097).  


