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Abstract: Fishways are hydraulic dructures that enable fish to go through transverse
obstructions to continue their upstream migrations. This paper presents the results of a scade
model of a verticd dot fishway. For two different dopes, the performance of two particular
designs of verticd dot fishways was sudied for a wide range of discharges. Water depths
were measured in the amogt dl the surface of pools. A linear relation between dimensonless
discharge and depth of flow, and he same flow patterns for each design were found. With an
acoustic Doppler velocimeter (ADV), three-dimensond velocities were measured & severd
levels in the entire pool to gppreciate the dructure of the flow. Two different regions in flow
patterns were found: a direct flow region characterized for maximum veocities and a
recirculation region, defined by smal velocities and horizontal eddies.

INTRODUCTION

Fish populations in rivers are closely dependent on the characteristics of their aguatic
hebitat, this dependency is more criticad in the case of migratory fish. Fish passage structures
and in paticular veticd dot fisways try to minimize the negaive effects caused by
transverse hydraulics congtructions. (Larinier et al. 1998).
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Fg. 1 @ Dimendon of the laboratory modd of a verticd dot fisway. b y ¢) Detalls of T1
and T2 designs. d) Data point mesh in a pardld plane to the bed for T1 design and for a dope
of 10,054%.

The earliest verticd dot fisways was developed by Milo C. Bdl and it was built at

the Hedll's Gate on Fraser River, Canada (Clay, C.H. 1995).Verticd dot fishway condsts of a
rectangular channd with a doping bed divided by baffles into a number of pools Water
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travels down the channd through verticd dots, passng from one pool to the next one below
(Wu et al., 1999) to findly reach the river past the obstacle. The difference in water leve
between the upper and lower end of the fishway is divided into a number of smdl fals
(Rgaratnam et al. 1986).

Table 1. Summary of experimentd results

Des. S Q@) Q@ Yo Yo Ym(m) rn”;;’* s (31/73) “ (W?‘n?)
T1 57 00159 04945 0125 0158 0130 0175 0107 086 0.73 7181
T1 57 00209 06529 0176 0195 0179 0215 0143 0.85 0.79 67.13
T1 57 00246 07669 0190 0230 0.197 0236 0167 0.79 0.85 72.99
T1 57 00341 10624 0253 0306 0262 0313 0212 088 0.80 75.94
T1 57 00458 14277 0379 0406 0386 0425 0356 084 0.83 68.25
T1 57 00540 16827 0437 0476 0445 0483 0400 087 0.82 69.74
T1 57 00641 19983 04838 0529 0495 0540 0453 0.89 0.85 74.18
T1 57 00741 23104 0604 0604 0608 0.652 0.562 0.88 0.87 69.35
T1 57 00859 26791 0665 0697 0674 0711 0628 0.85 091 7297

Tl 1005 00348 10847 0155 0201 0171 0253 0093 125 08 22325
Tl 1005 00445 13879 0247 02/8 0262 0357/ 0178 120 083 179.76
Tl 1005 00551 17174 0314 0371 0331 0420 0242 121 077 17488
Tl 1005 00643 20059 0366 0406 0378 0469 0288 119 083 17500
Tl 1005 00751 23425 0436 0505 0452 0541 0363 125 075 17172
Tl 1005 00849 26482 0489 0553 0507 0597 0429 100 096 172%4
Tl 1005 00945 29478 0526 0561 0541 0634 0443 117 090 179.16
Tl 1005 01044 32554 0581 0621 0596 069 0513 105 101 17911
Tl 1005 01150 3585 0641 0681 0656 0755 0556 106 100 17879

T2 5,7 00160 0585 0102 0109 0152 0061 0682 09 105 8818
T2 57 00250 09153 0169 0180 0225 0122 1125 093 097 8364
T2 57 00350 12811 0263 0274 0323 0214 1750 09 084 7523
T2 57 00453 1658 0350 0362 0408 0208 2336 100 081 729
T2 57 00540 19772 0439 0449 0497 0376 2928 097 082 6939
T2 57 00639 23405 0524 0531 0577 0475 3495 109 072 6882
T2 57 00741 27131 0606 0613 0660 0552 4040 087 092 6902
T2 57 00840 30785 0670 0679 0732 0615 4468 09% 082 7081

T2 1005 00253 09277 0134 0138 0208 0080 0892 114 075 18843
T2 1005 00352 12912 0206 0202 02/6 0132 1375 123 079 17020
T2 1005 00453 16601 0248 0251 0329 0152 1656 132 079 18173
T2 1005 00549 20100 0307 0311 0405 0212 2048 132 080 17795
T2 1005 00645 23644 0371 0372 0461 0275 2471 127 085 17348
T2 1005 00746 27325 0431 0432 0515 0330 2873 131 083 17242
T2 1005 00838 30718 0483 0480 0569 0380 3222 133 083 17281
T2 1005 00954 3495 0536 0539 0623 0437 3577 130 08 17717
T2 1005 01048 38398 05/8 0578 0657 0483 383 130 087 18066
T2 1005 01151 42177 0615 0612 0714 0505 4100 146 080 186.50
T2 1005 01248 45739 0650 0649 0745 0536 4332 128 091 19139

A previous experimentd research on the hydraulics of verticd dot fishways was
consdered, this is the research a the Universty of Alberta (Canada) by Raaratnam et al.
(1986, 1992, 1999) where 18 different designs were studied for the following range of dopes
So=5, 10 and 15%. This paper, trying to continue the research line begun by Wu et al. (1999)
on the detaled study of the designs recommended as effective by Rgaratnam et al. (1992),
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focus on an experimentd hydraulic characterizetion of a scde modd of the other two
paticular verticd dot fishway desgns the so cdled dedgn T1 (Imilar to dedgn 16) and
desgn T2 (gmilar to desgn 6). Configurations and dimensons of pools ae shown in Fg. 1b
and Fig. 1c. An experimental program was planned and a detailled study of depth and velocity
fidlds was conduced, snce both of them are the most important parameters on the hydraulic
performance of vertical dot fishway.

EXPERIMENTAL ARRANGEMENT

The experimental work was caried out a the CITEEC (Centro de Innovacion
Tecnoldxica en Edificacion e Enxefieria Civil) a the Universdade da Corufia (Spain). The
fishway scde modd consgsts of a metdlic structure 12 m long with a rectangular section of
Ix1 nf. The fishway scde moded is constructed in such a way that it can adopt different
dopes. The fishway is divided into eleven pools. The fird four pools present a T2
configuration, the following pool is of a trandtion type and findly the other four pools
present a T1 configuration. The flume bed, dde wdls and the baffles separating the pools
were made of trangparent plexiglass sheets (1 cm thick) that dlows flow observations. Baffles
were adways verticd, despite of the dope in the fishway modd. The experimenta
measurements took place in pools number 3 and 7 (Fig. 1a).

A cartesan postioner was placed over experimenta pools in order to automate the
postioning of the messurement indruments The measurement indruments can be st
autometicadly a any point in the pool (3D mesh). Not sSmultaneoudy, two measurement
devices were placed on the catesan pogtioner: a depth probe and ADV veocimeter.
Velocities were measured by means of a Doppler effect velocimeter (MicroAcoustic Doppler
Velocimeter SonTek). Water surface height in the pools was measured by means of a
conductivity-based depth probe, DHI Wave Gauge Type 202. The DHI Wave Gauge is
comprised of two thin pardld stainless stedl eectrodes.

A summary of experimental measurementsis shown in Table 1.

ANALYSISOF THE EXPERIMENTAL RESULTS

For the representation of the experimenta results, the following dimensonless
variables were chosen: So, geometric dope of the fishway, Yo/b, redive flow depth a the
transverse middle section, Q®, dimensionless discharge. A new definition (Rgaratnam et dl.
(1986) Kamula (2001)) for the dimensionless discharge is proposed:

Q*=Q/[gb® [1]

A summay of the mogt dgnificant data from the experiments redized are shown in
Table 1, where, Y, is the depth at the dot and Yy, is the average depth in the pool, being Ymax
and Yin the maximum and minimum depth in the pool respectivey. Vy, is the velocity a daot,
C, =Q/(bY,V,) is a coefficient of discharge which is provided to permit a comparison with
the ones shown by Raaranam et al. (1992) and E =(rgQs,)/(LWY,)is the energy
dissipation rate in the pool.

DEPTH-DISCHARGE EQUATION

Following the indications by Rajaratnam et al. (1986), a Smple andyss was redized
to find the flow eguations which edtablish the rdationship between the discharge and the
depth:
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a,
ac—-+
ebg

Q"= [2]

where Q* :Q/qlg b®> is the dimensonless discharge in the fishway modd, Y/b is the
relative flow depth, anda, | are coefficientsrdating the dimensonless discharge and the
reaive flow depth. The experimentd results rdative depth Yo/b versus the nondimensond
discharge can be seen in Fg. 2, and the corresponding flow equations are shown in Table 2.
The vaues of the a are proportiona to the dope. A higher vaue for the proportiondity factor
(steepest line) means that for the same discharge the depth reached is lower and therefore the
veocity profiles should increase, which means a higher efficiency in conveyance.

Table 2. How equations, relaionship between dimensionless discharge and relative depths. In
parentheses, correlation coefficent ().

Design So ot Yomin/b Yu/b Ymadb Y./b

57%  0631Yob  09739Y0hb-01409  09758Y0b+0.2512  09993Y0b+0.3018  1.015Yolb

T1 (0.9946) (0.9986) (0.9944) (0.9992) (0.9999)
10.054%  0.8888Yo/b 0.9742Y o/b - 0.3822 1.0008Y o/b+0.2918 1.021Y o/b+0.6133 1.033Y0/b

(0.9889) (0.9979) (0.9933) (0.999) (0.9987)
57% 0.6867Yo/b 0.9789Y o/b-0.2871 1.031Y o/b+0.0407 1.0065Y o/b+0.3583 1.0183Y0/b

T2 (0.9903) (0.9994) (0.9983) (0.9997) (0.9994)
10,054%  0.9988Y0o/b 0.9196Y o/b-0.4069 0.9949Y o/b+0.2826 1.0323Y o/b+0.4811 1.0002Y0o/b

(0.9903) (0.9965) (0.9949) (0.9982) (0.9997)

59 © Design T2, S0=10,054%
1 Design T1, S0=10,054% o

A Design T2, S0=5,7%
O Design T1,S0=5,7%

Yo/b

Fig. 2 Dimensonlessrelaionshipa) Q" against Yo/b.

DEPTH DISTRIBUITON

The average depth a the middle transverse section has been chosen to verify the
performance of the desgn, but it is dso important to know the values of other characteristic
depths a Ymax, Yb, Ym and Ymin. Each of them inform us of a paticular festure of the
fisway: wal desgn criteria (Ymax), the limitations that depth can suppose to fish passage
(Ymin) and also to know the depth at critical sections (Yp).
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Fig. 3 Rdationship between characteristic depths, in T2 design for $=5,7%.

A liner rddionship has been found between each of the different characterigtic
depths and the relative flow depth at the middle transverse section Y,/b,

Yb=a (Y,/0)+b [3]

where Y gands for any of the characterigtic depths, a”,b” are coefficients which depend on
the related characterigtic depths, on the dope and on the configuration of the baffles (Table 2).

In Fg. 3, the experimental results for the different characteristic depths versus Yo/b
can be seen aswel| as the corresponding equations (straight lines graphs).

WATER SURFACE

Typicd level contours can be observed in Fg. 4, for the four experimenta Stuations
studied and for a single discharge of 0.065 ni/s. There is dways a region of large depths just
upstream of the dot and dso a the region downstream of the pool, nearest to the larger
baffles Just a the dot itsdf there is a sharp drop in the depth and in going down the dat,
following the jet direction, there is a region of minimum depths as a consequence of such
decay. Depth patterns are quite independent of flow rates.

Since the configurations petterns of the water surface are independent of discharges,
the performance of the vertical dot fishway remains sable with variations in flow rates. This
dability is one of the most important characteristic concerning the gpplication of vertica dot
fishway.

Axis X ! | ! |
I T T T T

\\,’/

50, 1
7

8

Fig. 4. Contour lines of water free surface (data modd), for a discharge Q=0.065 nt. a)
Design T1, $,=5,7%. b) Design T1, S,=10,054%.
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Fig. 4. Contour lines of water free surface (data model), for a discharge Q=0.065 nt ¢) Design
T2, So=5,7%. d) Design T2, $,=10,054%.

FLOW PATTERNS

The vedocity fieds taken in planes pardld to the bed ae shown in Fg. 5, where
horizontal components (Vx and V) of the velocity vectors can be seen. A reference vector is
included in order to make the comprehension of the figures more intuitive.

It can be observed in a generd way how two different kinds of regons are formed: one
that will be cdled direct flow region, where the flow circulates in a curved trgectory a high
geed from one dot to the next dot downstream; and the others that will be cdled
recirculation regions, which are characterized by smdler velocities flow in the reversed
direction and by the existence of verticad axis eddies. Two recirculaion regions of a different

sze and separated by the direct flow region, are shown in the flow patterns, the larger one,
closeto the long baffles and the smaller one by the short baffles.
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Fg. 5 Horizontd velocity fidds, Vyx-Vy in planes parald to the bed for severa experimenta
stuations. @ Design T1, S=5,7%, Q=85 I/s, h=35 cm; b) Design T1, S=10,054%, Q=105 I/s,

h=5 cm; c) Desgn T2, S=5,7%, Q=54 I/s, h=25 cm; d) Design T2, S=10,054%, Q=75 I/s,
h=25 cm
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Flow is bascdly bidimensond in both designs independently of dope and discharge; in
other words, Z-direction flow vdocity is minimd by comparison with flow veocity in the X
and Y directions. Furthermore, flow velocity shows little varigtion with depth. Flow patterns
are more dable in response to variaions in discharge and dope in baffle design T2 than in
baffle design T1 (Fig.5).

a) b) C)

O ol | O
_/C—D\:/_Q_ — s —

| | | ‘o .

Fig. 3 Flow patternsin pools: &) Design T1, S,=5,7%; and S,=10.054% with Q**<2.75. b)
Design T1, $=10.054% with Q*>2.75. ¢) Design T2.

CONCLUSIONS.

For their usud dopes, the performance of two particular vertica dot fisnway desgns
has been sudied for a wide range of discharges. A linear relaionship has been found between
the dimensionless discharge and the average depth at the middle transverse section, as well as
some linear trends among the different characteristic water depths. Hydraulic behaviour
patterns have been found for both types. In those patterns, two clear regions were
diginguished: the recirculation regions chaacterized by smal vedocities, horizontd eddies
and reversed flows, and the direct flow region characterized by bidimensondity and
maximum velodities.
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