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EXECUTIVE SUMMARY

In 1989, the main juvenile fish facility at Lower Granite Dam on the Snake River was

retrofitted with a passive integrated transponder (PIT) tag diversion and bypass system to

facilitate the monitoring of fish used in research.  Since installation, problems with PIT-tag

system retrofits to the facility have included fish holding in the system, low detection

efficiencies, and possible impacts on fish condition (i.e., descaling, injury, and mortality rates). 

During 2001, the U.S. Army Corps of Engineers modified the PIT-tag diversion system at Lower

Granite Dam in order to improve passage conditions for juvenile salmon.  Modifications included

reducing the depth and volume of the head box, removing the fish-counting tunnels, and

replacing two 4-in conveyance pipes with a single 10-in-diameter pipe. 

In 2001, the National Marine Fisheries Service evaluated passage performance for

juvenile salmonids passing through the modified portions of the PIT-tag diversion system at

Lower Granite Dam.  The evaluation included a visual inspection, an evaluation of fish condition

and travel time for fish passing through modified portions of the system, and a determination of

the effects of the modifications on PIT-tag detection efficiency.

We found a minor problem with a gasket protruding approximately 1.5 cm into the inside

of the new bypass pipe; however, this was repaired prior to the beginning of the spring

outmigration.  We found no evidence of mortality, injuries, or descaling for fish passing through

the modified portions of the bypass system.  The modifications improved passage performance

and eliminated delay associated with the PIT-tag head box.  Detection efficiency improved for all

individual PIT-tag coils on monitors downstream from the modifications, with the greatest

improvement for coils on the monitor controlling the two-way separation-by-code gate.
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INTRODUCTION

In 1989, the National Marine Fisheries Service (NMFS) developed a system to

automatically detect, record, and divert a portion of salmonids marked with passive integrated

transponder (PIT) tags as they pass through the juvenile collection facilities at Snake and

Columbia River dams (Mathews et al. 1990, Marsh et al. 1999).  The principal feature of the

diversion system is a slide gate located in the bottom of flumes exiting the fish and debris

separator.  A PIT-tag monitor triggers the slide gate, which selectively opens to remove or divert 

to collection raceways or barges PIT-tagged fish from the general population of fish passing

through the flumes.  A prototype system was installed at Lower Granite Dam in 1989 and

evaluated during 1989, 1990, and 1991 (Matthews et al. 1990, 1992; Achord et al. 1992; Marsh

et al. 1999).  A similar PIT-tag diversion system was installed at Little Goose Dam during spring

1992 and was evaluated during 1993 (Harmon et al. 1995).  Prior to installation of these

diversion systems, most collected fish were put in trucks or barges and transported to release

sites below Bonneville Dam to maximize survival.  However, this system lacked the ability to 

evaluate smolt behavior and survival past multiple dams.  With the advent of the PIT-tag

diversion system it became possible to estimate survival for PIT-tagged fish past multiple dams

in the Snake and Columbia Rivers because the systems can return the majority of PIT-tagged fish

to the river after detection (Iwamoto et al. 1994).  

The PIT-tag diversion and bypass system at Lower Granite Dam was retrofitted to the

main juvenile fish facility in 1989.  Since the retrofit, problems with the PIT-tag diversion system

have included fish holding in the system, low detection efficiencies, and possible impacts on fish

condition (i.e., descaling, injury, and mortality rates).  During 2001, the U.S. Army Corps of
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Engineers modified the PIT-tag diversion system at Lower Granite Dam by reducing the volume

and depth of the PIT-tag head box, removing the fish-counting tunnels, and replacing two

4-in-diameter conveyance pipes with a single 10-in-diameter pipe.  Prompt evaluation of new or

modified fish passage facilities allows unforeseen problems to be detected and corrected as soon

as possible, thereby minimizing negative impacts to juvenile migrant salmonids.  Previous

evaluations of PIT-tag diversion systems on the Snake River include NMFS studies at Lower

Granite Dam (Mathews et al. 1990, 1992; Achord et al. 1992), Little Goose Dam (Harmon et al.

1995, Monk et al. 1992), and Lower Monumental Dam (Marsh et al. 1995, 1996; Hockersmith

et al. 2000).

This study addresses the Anadromous Fish Evaluation Program objective to "assess

descaling, injury, and delay to fish as they pass through the modified portions of the PIT-tag

diversion system at Lower Granite Juvenile Fish Facility, as well as documenting the detection

efficiency of the system" (USACE 2001, Project BPS-W-01-5).  The study also implements

measures for juvenile fish passage listed in the Biological Opinion for Operation of the Federal

Columbia River Power System (NMFS 2000, Section 9.6.1.4).  

We classified the study objectives as follows:  Objective 1) Evaluate modifications to

assess passage performance in terms of descaling and injury rates and identify areas where

holding and other stressors may occur; and Objective 2) Determine the effects of the

modifications on PIT-tag detection efficiency.
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OBJECTIVE 1:  Evaluate modifications to assess passage performance in terms of
descaling and injury rates and identify areas where holding and other
stressors may occur

Approach

Visual Inspection

Prior to rewatering the bypass system at Lower Granite Dam in 2001, we inspected the

new juvenile conveyance conduits with a closed-circuit video camera for obstructions or rough

areas that could cause injury to fish.  Methods for the inspection were similar to those used by

Muir et al. (1998).  

Juvenile Salmonid Descaling, Injury, and Mortality

In 2001, we released PIT-tagged river-run hatchery yearling chinook salmon into the

modified portions of the diversion system to identify areas where injuries or descaling may occur. 

Fish were collected and PIT-tagged from 16 through 18 April at Lower Granite Dam using

techniques described by Prentice et al. (1990).  Only run-of-the-river hatchery yearling chinook

salmon with no apparent injuries or descaling were used in the evaluation.  Run-of-the-river fish

were selected because they are more sensitive to passage effects, particularly descaling, than fish

obtained directly from hatcheries. Tagged fish were held in 121-L containers (plastic trash cans)

for a minimum of 24 hours after tagging for recovery and determination of post-tagging mortality

and/or tag loss.  Holding density did not exceed 50 fish per container.  Following the 24-hour

holding period, treatment groups were released into the PIT-tag head box (upstream from the

modified portions of the system) and recaptured in the separation-by-code (SBC) sample tanks. 

For this task, the monitor that triggers the two-way SBC slide gate was positioned to divert all
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fish into the sample tank.  Reference fish groups were also released directly into the SBC sample

tanks to measure the rate of descaling attributable to handling.  Recaptured fish were

anesthetized, examined for injuries and descaling, and allowed to recover in fresh water prior to

being released into a raceway for transportation from the facility.

Travel Time

Travel times of PIT-tagged juvenile salmonids through the modified portions of the

PIT-tag diversion system (separator exit monitor to diversion/river exit monitor) during 2001

were compared to travel time data for the 1999 and 2000 outmigrations in order to evaluate the

modifications in relation to fish holding within the PIT-tag head box.

Results and Discussion

Visual Inspection

The visual inspection revealed a minor problem with a gasket protruding 1.5 cm into the

pipe at one of the flange joints.  Project maintenance personnel at Lower Granite Dam modified

the gasket prior to rewatering the facility.

Juvenile Salmonid Descaling, Injury, and Mortality

We released 197 treatment and 174 control fish.  We did not observe any mortality or

injuries during the test.  Four fish from the treatment group and three fish from the control group

had minor descaling (descaling over less than 3% of the fish body).  Based on the similar

descaling rates among treatment and control groups, we concluded that descaling was likely

caused by handling alone and was not due to passage through the modified bypass system.  
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Travel Time

During 1999 and 2000, median travel time from the monitor located at the separator exit

to the monitor at the diversion gate/river exit varied among species, but was generally longest for

wild chinook salmon at approximately 75 minutes in 1999 and 31 minutes in 2000 (Table 1).  In

contrast, for the same section of the bypass system during 2001, wild chinook salmon had the

shortest median travel time, at only 0.3 minutes.  Travel time decreased for all other species as

well, with no species having a median travel time of more than 1.5 minutes in 2001.  We

concluded that delay within this section of the bypass system was eliminated by the

modifications.
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Table 1.  Median travel time from the PIT-tag monitor located at the fish and debris separator
exit to the PIT-tag monitor located at the diversion/river exit at Lower Granite Dam for
PIT-tagged fish during 1999, 2000, and 2001.  Standard errors in parentheses.

Median travel time (minutes)

1999 2000 2001

Hatchery steelhead 5.3 (0.11) 4.4 (0.07) 0.8 (0.02)

Wild steelhead 5.7 (0.25) 4.6 (0.11) 0.5 (0.01)

Hatchery yearling chinook salmon 73.4 (1.62) 13.9 (0.59) 0.4 (0.03)

Wild yearling chinook salmon 74.6 (2.82) 31.4 (1.55) 0.3 (0.00)

Hatchery subyearling chinook salmon 26.5 (0.86) 19.8 (0.47) 0.5 (0.03)

Sockeye salmon 47.8 (5.47) 24.3 (1.75) 1.0 (0.25)

Coho salmon 43.9 (8.41) 17.2 (3.02) 1.1 (0.41)
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OBJECTIVE 2:  Determine the effects of the modifications on PIT-tag detection efficiency

Approach

Detection efficiency was measured for each of the three individual coils in the PIT-tag

monitors located at the diversion gate/river exit, the two-way SBC gate, and the three-way SBC

gate.  Cumulative annual detection efficiencies for 2001 were compared to those of  2000 to

evaluate the effects of the modifications on PIT-tag detection efficiency.  Detection efficiencies

measured in 1999 were not comparable to those measured in 2000 and 2001 because of the

adoption of 134.2-kHz PIT-tag systems throughout the Snake and Columbia River Basins in

2000.  The new systems were chosen over the older, 400-kHz systems because the 134.2-kHz

tags were approved by the International Standards Organization and provided higher tag-reading

accuracy and greater reading distance.  Therefore, cumulative reading efficiency per coil for 2001

was only comparable to the one year of historical coil efficiency data.  Cumulative coil efficiency

was estimated using the method described by Prentice et al. (1993).  

Results and Discussion

Detection efficiencies downstream from the modifications were higher for all coils in

2001 than in 2000 (Table 2).  Individual PIT-tag coils for the monitor that controls the two-way

SBC diversion gate had the greatest increase in detection efficiency (3.1 to 7.4%).  
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Table 2.  PIT-tag detection efficiencies for individual coils (3 coils per monitor) and overall
efficiencies for monitors located at the diversion gate/river exit, the two-way
separation-by-code (SBC) diversion gate, and the three-way SBC gate at Lower Granite
Dam during 2000 and 2001.

PIT-tag monitor location

Diversion gate/river exit

Coil

91

Detection efficiency (%)

2000 2001

 95.5   96.1

92   96.7   96.9

93   96.5   97.1

overall monitor   99.5   99.7

Two-way SBC diversion gate D1   88.5   95.9

D2   93.0   96.1

D3   91.4   96.3

overall monitor   93.1   99.4

Three-way SBC diversion gate C1   95.1   97.5

C2   95.8   97.9

C3   95.6   97.9

C4   95.4   98.1

overall monitor 100.0 100.0
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CONCLUSIONS

We found no evidence of obstructions or rough areas that could cause injuries to fish in

the modified juvenile fish conveyance conduits.  The modifications appear to have improved

passage performance and eliminated delays associated with the PIT-tag head box.  Reading

efficiency was improved for all PIT-tag detector coils downstream from the modifications,

especially for coils in the monitor controlling the two-way SBC diversion gate.  
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