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Lower Yellowstone River
Intake Dam Fish Passage
Alternatives Analysis

encouraging upstream fish movement through the structure? Would
attractant flows or guidance assist in pallid sturgeon use and the success of
the structure in passing pallid sturgeon?

It was these unanswered questions that prompted the development of the scope of
work that was ultimately awarded to the Bureau of Reclamation - Water Resources
Research Laboratory (the White and Mefford study). The group decided that
shovelnose sturgeon could be used as a surrogate species for the pallid sturgeon for
this effort.

The results of the White and Mefford study, and a parallel study by Kynard et al with
regard to the three primary questions above are as follows:

Laminar vs. turbulent flows.

Velocities between 2 and 4 feet per second were recommended for fishway
attraction velocities. In velocities of less than 4 fps, sturgeon were able to actively
swim for more than ten minutes. This velocity range would be a useful criteria to use
for fishway options requiring sustained swimming (White and Mefford). Surprisingly,
sturgeon were able to hold a position with little apparent effort (“facing” velocity) in
flow velocities as high as 7.8 ft/sec. Many of the sturgeon (47%) were able to
successfully negotiate a channel with velocities as high as 6 ft/sec. Although
sturgeon could successfully move through high velocities, they were not able to
"hold" for very long, and would not be expected to maintain their position at high
velocities for extended periods. This supports the theory that a shorter fishway
length would be advantageous.

In a separate study, Kynard et al (2002) indicated that average swim speed for
sturgeon (pallid and shovelnose) in laminar flows within a circular test flume were 1
body length per second. In turbulent flows, pallid sturgeon had slightly higher swim
speeds (0.9 - 2.0 body lengths / second) than shovelnose sturgeon (0.6 - 0.9).
Sturgeon in all tests in laminar flows corresponding from zero to 67 cm/sec (2.2
ft/sec) velocities utilized sustained swim speeds. See Table 3 and Appendix B.

Turbulent flows, as suspected, did pose a hazard for upstream navigation. Both
horizontal turbulence and vertical turbulence were tested by White and Mefford (see
Appendix A). Although both types of turbulence ("eddies") were able to be
negotiated, larger eddies tended to cause delays in upstream movement. As eddy
size increased, passage success decreased. Eddy size is a function of baffle size
and velocity. Even high baffles (22.5 inch) could be navigated successfully at low
velocities (1.6 ft/sec). Since baffle size and placement function to slow the current to
within acceptable velocities for the targeted fish, care must be taken to avoid
development of large eddies if the passage structure is to function successfully.
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Once the cross sectional geometry or inline weir geometry was modified to reflect
one or more gates being in the totally lowered position, the diversion gate openings
to the canal were altered until meeting the minimum irrigation flow requirement of
1400 cubic feet per second (cfs) for river flow above 5000 cfs and 1170 cfs for flows
at 5000 cfs. (Note: This was the maximum flow achievable with all gates open for
5000 cfs in the Yellowstone River). Table 10 shows the results of the flow and gate
openings.

Table 10 Collapsible Gate Modeling Results
Yellowstone Number of gates | Flow to canal in | Average Velocity through lowered
River and opening in cfs gate(s) in feet per second - flow
Discharge feet depth (in feet) italicized
1 Gate completely lowered

5000 11-5.0 1150 5.6 (9.7)
15000 11-3.2 1400 8.6 (11.0)
29500 11-1.7 1410 10.8  (2.4)
38800 11-1.6 1400 11.9  (13.1)

2 Gates completely lowered
5000 11-5.0 1020 14.5* (6.6
15000 11 -3.69 1400 8.7 (10.7)
29500 11-1.73 1410 10.8 (12.1)
38800 11-1.62 1400 11.9  (12.9)

3 Gates completely lowered
5000 11-5.0 840 13.2* (5.4)
15000 11-4.6 1400 85 (10.5)
29500 11-1.76 1410 10.8 (11.9)
38800 11-1.65 1410 12.0 (12.6)

4 Gates completely lowered
5000 11-5.0 620 12.2* (4.5)
15000 11-5.0 1360 8.8 (10.1)
29500 11-1.78 1400 10.9 (11.6)
38800 11-1.67 1410 11.8 (12.4)

5 Gates completely lowered
5000 11-5.0 480 11.5* (4.1)
15000 11-5.0 1320 16.3* (8.2
29500 11-1.92 1400 10.9 (711.4)
38800 11-1.69 1410 11.9 (12.1)

10 Gates completely lowered
5000 11-5.0 50 5.0 (4.9
15000 11-5.0 980 9.4* (7.5
29500 11-3.3 1410 101 (10.4)
38800 11-1.78 1400 9.2 (12.1)
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