Laboratory study of the effect of the bendway weirs on pollutant mixing
parameters in a laboratory meandering river with a rigid bed

Extended Abstract
Objective

Pollutant transport and mixing in meandering waterways are governed by the combined effects of hydraulic conditions, channel
geometry, and flow structure. Bendway weirs, which are commonly used for riverbank protection and erosion control, may also
influence tracer transport and dispersion by modifying the flow structure. Previous studies suggest that such modifications may be
associated with changes in velocity heterogeneity, secondary currents, recirculation, and local turbulence. However, the combined
effects of bendway weir arrangement and relative spacing on tracer transport behavior and longitudinal dlspersmn in rigid-bed
meandering channels have received comparatively limited attention. Therefore, this study aimed to i ate the effects of
different bendway weir arrangements on tracer transport behavior and longitudinal dispersion in a labora dering channel
with a rigid bed under different hydraulic conditions.

Methods

The experiments were conducted in the Hydraulic and Physical Modeling Laborator
the University of Guilan. The experimental facility consisted of a 16-m-long, 1.5-m-wi recirculating flume. An
eight-bend meandering channel, 15.5 m long and 0.5 m wide, was constructed inside d had a rigid
bed. A sodium chloride (NaCl) solution was used as a tracer and injected for ﬁition. Tracer
concentration was monitored using two Y S| electrical conductivity measurement
sections of each investigated reach. Concentration was rec loud until its complete
passage.

Four bendway weir arrangements were examined and compared wi
installed on both sides of the channel at a relative spacmg of 2.5 an jstance between successive weirs. Wri-o consisted
of weirs installed along the inner bank at a relative ed of weirs installed on both sides of the channel
at a relative spacing of 5 and a 0.6-m distance bet eirs. Wrs-3 consisted of symmetrically installed weirs on both
sides of the channel at a relative spacing of 1.7 and 2@. i tween successive weirs. Relative spacing was defined as the
ratio of the distance between successive weirs to we 330 experimental conditions were tested, combining five
structural conditions, six investigated reaches, and 11 h
and flow depth was 0.10 or 0.2‘

Tracer transport behavior was quantifi
and downstream sections: Cr, Tpr, an

rom concentration—time curves measured at the upstream
concentration reduction ratio between the two sections, with
higher values indicating r reduction ak concentration. Tpr represents the difference in the time to reach
peak concentration between*wo sqgtions, Allhereas Tar represents the difference in tracer-cloud exit time between the upstream
and downstream sections. cer

and dispersid ~weir condition, increasing the unit discharge from 0.014 to 0.050 m3/(m-s) generally reduced Cr, Tpr,
and Tar while U and Dv. Under these conditions, U and Dy increased by up to 86% and 97%, respectively. In the Wri1-1
arrangement at a depth of 0.20 m, increasing the unit discharge reduced Cr, Tpr, and Tar by 40-64%, up to 57%, and up to
67%, respectively, while substantially increasing U and Dv. Reducing flow depth from 0.20 to 0.10 m also generally decreased Cr,
Tpr, and Tar and increased U and Dv. For Wri-1, the maximum reductions in Tpr, Cr, and Tar were 65%, 83%, and 83%, respectively,

whereas U and Dv increased by up to 73% and 91%, respectively.

For Wr1-0, a 50% reduction in flow depth generally decreased Cr and Tpr while increasing U, Tar, and D. The maximum changes
were reductions of 72% and 35% in Cr and Tpr, respectively, and increases of 44%, 51%, and 95% in U, Tar, and Di, respectively.
In Wr2-2, increasing the unit discharge reduced Tpr, Cr, and Tar by 5-97%, 6-76%, and 21-56%, respectively, whereas U and D
increased approximately ninefold and fourteenfold, respectively. In Wra-3, increasing the unit discharge reduced Cr and Tpr by up
to 69% and 48%, respectively, while U and D. increased approximately threefold and eightfold, respectively. Reducing the flow
depth in Wrs-3resulted in reductions of up to 88%, 28%, and 24% in Tpr, Cr, and Tar, respectively, while U and D increased by up
to 56% and 88%, respectively.



Comparison of the investigated weir arrangements with the no-weir condition showed that the effects of bendway weirs on D and
tracer peak concentration varied with hydraulic conditions, weir arrangement, and investigated reach length, with increases in D.
observed under many of the tested conditions. The contrasting response of U to weir installation at the two flow depths indicates
that the observed changes in DL cannot be attributed solely to changes in mean tracer transport velocity. Changes in flow structure
and velocity heterogeneity may have contributed to the observed dispersion behavior; based on previous studies, secondary
currents, recirculation, local turbulence, and momentum exchange may also provide plausible hydrodynamic mechanisms.

The Cr results further indicated that the response to bendway weir installation was governed not only by the presence of the
structures but also by their arrangement and relative spacing. Greater relative spacing was accompanied by higher D under most
conditions; however, changes in relative spacing were also associated with changes in effective transport distance in the present
experimental design. Concentration-time curves generally became broader downstream, indicating progressive development of
dispersion along the flow path. The effects of the weirs on Tpr and Tar varied with hydraulic conditions and arrangement. In
particular, the response of Tar in Wr1-o differed from that of the other arrangements. Because recirculation and secondary currents
were not directly measured, their role is interpreted only as a plausible hydrodynamic explanation consist ith previous studies.

Conclusion

The experimental results indicate that bendway weirs can modify tracer transpo
meandering channels. Increasing the unit discharge and reducing the flow depth
D, whereas the response of the concentration- and time-based parameters depen

flow structure and velocity heterogeneity may contribute to the observed dispersiqn b ior; dary currents,
recirculation zones, and local turbulence were not directly measured in the present (‘ regarded as
plausible hydrodynamic mechanisms rather than direct experimental observations. Afgon i i confi§@rations, Wra-3,

of the nnel and

may be considered a
miSeg under the

ns. Its applicability to




Laboratory study of the effect of the bendway weirs on pollutant mixing
parameters in a laboratory meandering river with a rigid bed

Abstract

Bendway weirs influence pollutant transport and dispersion by modifying flow patterns and turbulence; however, the effects of
their arrangement on tracer transport and longitudinal dispersion remain insufficiently investigated. This study examined four
bendway weir configurations (WRri-1, Wr1-0, Wro-, and Wrs-3) against a no-weir reference case (Wro-o) in an eight-bend meandering
flume with a rigid bed under various hydraulic conditions. Tracer experiments and time-varying concentration measurements were
used to determine Cr, Tpr, Tar, tracer transport velocity (U), and the effective longitudinal dispersion coefficient (D.). The results
showed that increasing the unit discharge from 0.014 to 0.05 m3/(m-s) generally decreased Cr, Tpr, and Tar while increasing U and
Dv across most configurations. The maximum reduction in Cr and increase in DL were 66% and 98%, resg@miively. Furthermore, a
50% reduction in flow depth increased U and D. by up to 95% and decreased the other transport param to 86% under
most conditions. Compared with the no-weir case, weir installation increased D and reduced peak: a substantial

hydraulic approach to enhancing pollutant dispersion and mixing in meandering chan

Keywords: Tracer experiments, pollution mixing, rigid-bed channel, concentray ributio Iongitut‘l dispersion
coefficient. ‘
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