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Introduc on
To a greater or lesser extent, all ﬁsh species move along the river in order to
reach reproduc on territories, look for food or to spread. However, usually
man-made obstruc ons in river diminish these movements producing in the
best case scenario, a reduc on of popula on.
One of the main solu ons for this problem is the construc on of ﬁshways.
Despite there are lot of types of ﬁshways, natural like passes are the most
eﬀec ve (Bunt et al. 2013) because they imitate natural river condi ons.
Within natural ﬁshways the most extended types are the rockﬁll
construc on (Fig. 1) and dispersed/cascaded construc on (Fig. 2)
(FAO/DVWK, 2002). While the ﬁrst type is governed by Manning or DarcyWeisbach formulas the behaviour of the second type is explained by the
weirs hydraulic.

Figure 1. Rockﬁll bypass channel in the weir “El Marín” (Salamanca) in Tormes River.

Objec ves
1. Collect in the specialized literature informa on about exis ng calcula on
methods and design criteria.
2. Evaluate the accuracy of the methodologies proposed by the specialized
literature when comparing with real measurement.
3. Deﬁne ﬂow coeﬃcients and formulas experimentally and contrast them with
classical values.

Materials and methods
Figure 2. Disperser/cascaded bypass channel in Aguilar de Campoo (Palencia) in Pisuerga River.
a)

First, a review of specialized literature was made, in order to deal the
abridgment of design criteria, design and calcula on methods and equa ons.
Then, taking into account the diﬀerent types of natural ﬁshways, two passes in
Duero basin were selected (Fig. 1 y Fig. 2).
The geometry and water levels were measured by a topographic survey (Fig. 3a
y 4c). The velocity of water was measured by means of a propeller velocimeter.
Finally, the ﬂow was calculated by two systems: by chemical gaging and by
velocity-area method (Fig. 3b).

b)

The measured parameters allowed to simulate the real performance of these
structures (Fig. 4a), achieving ﬁnally, the evalua on and the deﬁni on of more
adjusted coeﬃcient (Fig. 4b).
a)

b)

Figure 3. a) Topographic survey. b) Flow es ma on by velocity-area method.

Results and conclusions
Rockﬁll bypass channel
The calcula on equa ons proposed by specialized literature consider than
boulders have to be embedded in banks (Fig. 4a).

c)

Manning (1889) formula with Miyamoto et al. (1995) roughness coeﬃcient
is the best combina on of equa ons to deﬁne the hydraulic performance.
Disperser/cascaded bypass channel
The methodology proposed by FAO/DVWK (2002) provides be er results
than weirs hydraulic equa ons.
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In the case of FAO/DVWK (2002), formula on ﬂow coeﬃcient varies with
ﬂow and they have to be considered diﬀerent for slots and submerged weir.
The coeﬃcients used in weirs equa ons are deﬁned for more ar ﬁcial
passes and is necessary a calibra on for natural passes (Fig. 4b).

Figure 4. a) Simula on of the rockﬁll bypass channel. b) Proposed coeﬃcients for Disperser/
cascaded bypass channel. c) Schema c representa on of Disperser/cascaded bypass channel.
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