























Fish Tracks

The three-dimensional tracks for all 32 tracked fish are presented together in Figure 8.

Fish released via the release hose entered the turbine intake well within the hydrophone
array (Figure 4). Also, most fish releases were accompanied by entrained air injected into
the hose during their release. In some cases, this air precluded successful tracking of the
first few feet of a fish track. However, tracks for most released fish began immediately upon
their exiting the release hose, and many were continuous to approximately 10 ft (3 m)
beyond the downstream extent of the hydrophone array, at the wheel gate slot (Figure 9).

Once exiting the release hose fish tended to spread more quickly horizontally than vertically,
probably influenced by eddies produced immediately downstream of the fyke net frame.
Such movement is also consistent with a salmonid’s ability to rapidly orient itself by flexing it
body horizontally. It is difficult to determine whether this was the result of active orientation,
or due to flow eddies and turbulence downstream of the fyke net frame.
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Figure 8. Plan and side views of the three-dimensional tracks for all 32 tracked fish
(Wanapum Dam 2004).
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Figure 9. Fish No. 8 three-dimensional track in-turbine in side view and plan view,
released November 11 at 1100 hr. Hydrophones appear as black diamonds, and the
exit to the release hose as a circle.(Wanapum Dam 2004).

Position Variability

Three indications of the variability in the positions of the acoustic tags in turbine all
suggested that variability was from 20 to 50 cm (8 to 20 inches). That is, the maximum
range of three-dimensional tag positions was < 20-50 cm (8-20 inches), or individual
positions were < +/- 10-25 cm (4-10 inches).

Following Ehrenberg and Steig (2002), a three-dimensional contour plot of predicted tag
resolution was calculated (Figure 6). Modeling indicated that the expected position variability
within the array was less than 3.5 ft (107 cm), with the majority of the array expected to
exhibit variability less than 1.5 ft (46 cm).
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Figure 10. Three-dimensional tracks of the tennis ball with an acoustic tag in it,
released November 11 at 1600 hr, in side view and plan view. Hydrophones appear as
black diamonds, and the exit to the release hose as a circle (Wanapum Dam 2004).

The fixed acoustic tag that was attached to the fyke net frame adjacent to the center
hydrophone was monitored throughout the study period and produced a total range of X-Y-Z
positions of 19 inches (49 cm). This placement was at the edge of the hydrophone array,
where the predictive model showed the position error increasing. Nevertheless, the standard
deviations of the calculated positions for each dimension were low: X (across intake) 0.212 ft
(0.065 m), Y (upstream to downstream) 0.154 ft (0.047 m), and Z (surface to bottom) 0.132 ft
(0.040 m), n = 3069.

The track for the acoustic tag that was placed in a tennis ball (Figure 10) was relatively short,
likely affected by air entrained in the release hose, air in the “fuzz” on the exterior of the
tennis ball, and air inside the tennis ball. The track in plan view also appeared to follow an
eddy induced by and immediately downstream of the fyke net frame (Figure 8). Unlike the
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released fish, the tennis ball was an inanimate object. Its lateral movement supports the
existence of a flow eddy downstream of the fyke net frame.

CONCLUSIONS

Deployment and retrieval of the Model 290 Acoustic Tag Tracking System was
straightforward.

Fish were tracked throughout the volume covered by the hydrophone array, with no gaps or
holes observed in the track data. In most cases tracks for tagged fish began immediately
upon their exiting the release hose, and most were continuous to approximately 10 ft (3 m)
beyond the downstream extent of the hydrophone array (i.e., beyond the head gate slot).

Three measures of the variability in the positions of the acoustic tags in turbine all indicate
that maximum spread in three-dimensional tag positions was < 20-50 cm (8-20 inches).

Background noise levels were relatively high, but the encoded tag signals stood out well and
were relatively straightforward to mark and track. Multipath was typically low, and did not
present significant difficulty.

This pilot study has demonstrated the ability of acoustic tags to provide fine scale, sub-
meter, three-dimensional tracks of juvenile salmonids as they pass through an operating
turbine intake. The detailed route of travel through the turbine intake area provided by the
acoustic tag warrants considering the use of this technique in future studies.
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