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Fig.1  Pressure variation along the Kaplan turbine passage
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Tab.1 Tolerance of the four major Chinese carps to low pressure conditions
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Tab.2 Injuries to the four major Chinese carps resulting

from exposure to different low pressure conditions
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Tab.3  Results of repeated exposure to low pressure

Fhok R fRIE ﬁﬁ LH AT S R AR L SR S e SR figk 7]
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Tab.4 Injuries to the four major Chinese carps resulting

from repeated exposure to low pressure conditions
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Tab.5 Results of pressure gradient tolerance test
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3 20 C S S T U
300 40 A S T T U
150 40 A T T T U
3 40 A T T T U
T
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Abstract: In order to provide technical support for structural optimization and ecological operation of hy-
droelectric turbines, we studied the response of fish to the sudden pressure changes that occurs in turbine
passages by simulating the pressure change in a pressure chamber. The test fish were healthy one-year-old
juveniles of the four major Chinese carps (bighead, black, grass and silver) with intact scales, body length
of (10010) mm and body width of (6 £2) mm. The experimental system consisted of a frequency con-
version vacuum pump and pressure chamber with a pressure gauge, vacuum tubing and high speed camera.
Experiments, carried out on each of the four carps with 10 replicates, were designed to study fish tolerance
to three conditions encountered while passing through a turbine: (1) Exposure to low water pressure at
preset values (80 kPa, 60 kPa, 40 kPa, 20 kPa) for 30 min, or until the test fish could not maintain its
balance. (2) Exposure to water pressure cycling:from atmospheric pressure to low preset values (80 kPa,
60 kPa, 40 kPa, 20 kPa), repeated until the test fish could not maintain its balance. (3) Exposure to dif-
ferent pressure gradients, with pressure decreasing from atmospheric pressure to preset values (40 kPa,
20 kPa) at pumping rates of 300, 150 and 3 L/min to give the different pressure gradients. Video was re-
corded during the experiments to document the behavior and damage to test fish. After the experiments,
fish were transferred temporarily to a tank for feeding and their healing was observed and recorded at 1 h,
4 h and 12 h. Finally, the test fish were dissected to observe any organ damage. Results show that:
(1) The juvenile carps were sensitive to rapid drops in water pressure, damage occurred primarily during
the first pressure drop and damage severity increased as the minimum pressure decreased, and as the pres-
sure gradient increased. Additional pressure cycles did not increase the degree of injury or mortality of test
fish. (2) A low minimum water pressure and high pressure gradient were the primary causes of injury and
this will likely be the case when fish pass through a turbine. As the minimum pressure decreased or the
pressure gradient increased, injury severity and mortality of juvenile carps increased. (3) Black and grass
carp inhabit the river bottom and better tolerated low pressure and pressure gradients than silver carp or
bighead carp that reside closer to the surface. There was a certain correlation between the ability of accli-
mating pressures before entering the turbine passage and the pressure injury on fish when it pass through
the turbine passage.(4) The threshold pressure for injury to juveniles of the four major Chinese carps was
20 kPa.
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