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Background

The potential for fish to be injured or killed when passing
through hydro turbines is a major issue at hydroelectric
projects throughout the world. In the U.S., the
Department of Energy (DOE) has sponsored extensive
research efforts to better understand how fish may be
injured or killed during turbine passage. The DOE has
also provided funding and guidance for the development
of advanced turbine designs that incorporate fish-
friendly features. Recently, EPRI has sponsored the
continued development of advanced hydro turbines,
including modifications to the Alden/Concepts NREC
fish-friendly turbine (ACT) that will improve engineering
and biological performance. As part of their support,
EPRI has also funded studies conducted by Alden
engineers and biologists designed to improve the
leading edge geometry of turbine blades in order to
minimize fish injury and mortality from blade strike.
These studies have included computer modeling and
testing with live fish. The results of the blade strike
studies should be applicable to most turbine designs,
helping manufacturers to improve the fish-friendliness of
conventional runners, as well as newer advanced
turbines.
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Computer simulation of a rigid body being struck by
a semi-circular leading edge turbine blade

Study Goal and Obijectives

The primary goal of the turbine blade strike studies was
to develop leading edge shape and thickness criteria for
minimizing strike-related fish injury and mortality. The
study objectives for achieving this goal were to: (1)
determine optimum leading edge geometry for
deflecting fish using computer modeling; and (2)
estimate survival rates for various ratios of fish length to
blade thickness (L/t) over a range of strike velocities.
Blade strike survival was evaluated by suspending
anesthetized fish vertically in a test tank and striking
them with a blade traveling in a horizontal plane. Most
tests were conducted with rainbow trout, but white
sturgeon and American eel were also evaluated.

/ Fish Location

Schematic of linear blade strike test facility (lef  t
side, end, and top flume walls are not shown); phot o
inset shows fish suspended in blade bath before
being struck

Preliminary Results

Computer modeling determined that a
semi-circular leading edge was better than
an elliptical geometry at deflecting fish
because it produced larger areas of
pressure changes and greater differential
forces on fish immediately prior to impact.
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Strike survival was high (>90%) for rainbow
trout tested with L/t ratios of 0.75 and 1 at
strike speeds up to 12 m/s (40 ft/s).

Survival rates decreased dramatically for
L/t ratios greater than one (i.e., 1.75, 2, 4,
10, 25) at strike velocities greater than 6
m/s (20 ft/s).

White sturgeon and American eel suffered
mortality than rainbow trout at equivalent
and greater L/t ratios when tested at the
same strike velocities.

Turbine blades with leading edge
thicknesses equivalent to or greater than
the length of target species and life stages
should result in low strike-related mortality.

Images from high-speed video of rainbow trout being
a 6-inch blade ( L/t = 1)

Additional testing may be conducted to evaluate
the effect of fish angle relative to approaching
blades (e.g., 45°) and to expand the data set for
sturgeon and eels. Fish oriented at an angle less
than 90° to blade leading edges is probably more
representative of what occurs during turbine
passage and may contribute to higher survival
rates.
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Blade strike survival rates of rainbow trout tested at

various fish length to leading edge thickness ratio S
(L/t) over a range of strike velocities

struck by a 3/8-inch blade ( L/t = 25) and

Contact Doug Dixon (ddixon@epri.com) for more
information on advanced hydro turbine research
being conducted by EPRI. For more information
on Alden’s involvement in these studies and the
development of the ACT (fish-friendly turbine),
contact Steve Amaral (amaral@aldenlab.com;
508-829-6000, ext. 6415) or Greg Allen
(qallen@aldnelab.com; ext. 6409).
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