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INTRODUCTION
Sediment traps are thus classically used in flood 
hazard mitigation (Zollinger, 1983; Ghilardi et al., 
2012). Typical sediment traps consist of an up-
stream basin combined with an open check dam at 
the outlet (Fig. 1 a). However, in some cases spatial 
or geotechnical constrictions do not allow for the 
construction of one of the two elements. It is 
possible to limit the structure to a simple basin 
without open check dam when the space is suffi-
cient, as the longitudinal bed slope can be reduced 
by levelling the river, thus enhancing the process of 
sediment deposition (e.g. Kaitna et al., 2011).
In steep narrow valleys or due to anthropogenic 
infrastructures, there is sometimes not enough 
space available for a basin. An open check dam 
without widened basin has to be considered in this 
case. Sediments are then stored directly in the river 
bed upstream of the structure. In some particularly 
critical cases, i.e. when it is neither possible to 
implement a sufficiently large retention basin, nor 
a big enough open check dam, a combination of an 
open check dam with a retention basin built at a 
given distance is conceivable (Fig. 1 b). This kind of 
situation has been analyzed with the physical 
model of the Drance river, upstream of Martigny in 
the upper Rhone valley (Switzerland). The paper 
presents in which extend it had been possible to 
achieve the mitigation objective using this specific 
configuration.

CONTEXT
The Drance river has several debris flow prone 
tributaries before it passes the town of Martigny. 
During severe floods, as occurred in 2000, the 
tributaries supply significant sediment amounts to 
the main-stem. The Drance then transports the 
sediments downstream which aggravate the flood 
hazard in the city of Martigny. The creation of a 
sediment trap downstream of the tributary conflu-

ences and upstream of the area to protect has been 
studied using small scale experiments.
As the tributaries are situated close to the city, few 
sites exist for the implementation of the sediment 
trap where not enough space is available to create a 
classical structure (Fig. 1 a). The installation of an 
open check dam, with an upstream distanced basin 
creates a storage volume by means of a trap basin 
and a 100 m long channel section between the 
check dam and the basin. 

OBJECTIVES
Four different effects lead to sediment deposition in 
sediment trap basins (Zollinger, 1983; Piton and 
Recking, 2015). Two of them are related to the 
basin feature: 
1. decrease in sediment transport capacity due to  
  milder slopes in the basin; 
2. decrease in sediment transport efficiency due to  
 flow spreading in the basin which is wider than  
 the upstream channel. 
And the two other effects are induced by the   
open check dam:
3. open check dam backwater effect inducing a  
 drop in shear stresses in the tranquil water area  
 and; 
4. mechanical blockage of coarse elements against  
 the open check dam. In this case the distance of  
 100 m between the sediment trap outlet and the  
 basin could disconnect the system. Therefore, a  
 small scale model is used to analyze this system.

Figure 1. Concept of sediment traps: a) the classical scheme, i.e. the check dam 
is directly connected with the basin and b) the herein studied scheme, i.e. the 
retention basin is situated at some distance upstream of the open check dam. 
The different processes that control deposition are illustrated by ① ② ③ ④ and 
commented in the text.
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METHODOLOGY
The physical model has already been tested for the 
hydraulic functioning of an open check dam only. 
The reproduced river section is about 800 m long, 
where the average bed slope is about 2.4 % and  
the width of the main channel varies between  
10 m and 15 m in prototype dimensions. The 
height of the check dam is limited due to railway 
line on the right river bank. The expected amounts 
of sediments to be retained as well as the grain  
size distribution are subjected to some uncertainty. 
About 100 m upstream of the check dam, it is 
possible to implement a retention basin of the 
shape of a deposition area. The effects of this re- 
tention basin on sediment transport in the Drance 
were analyzed by experiments with discharges of 
the order of an annual flood, a 100 - years flood 
and the average river discharge. Sediments were 
added continuously at the model inlet and in shape 
of a debris flow deposition from another lateral 
torrent which is situated about 700 m upstream of 
the check dam.

RESULTS
The retention reservoir enhanced the sediment 
deposition upstream of the open check dam and 
reduced the sediment transported towards the open 
check dam at the beginning of a flood event. Once 
the bed slope in the deposition area reached an 
equilibrium state, the natural bed load transport 
continuity reestablished and entered the channel 
between the open check dam and the basin. In this 
reach, closer to the open check dam, the backwater 
effects enhanced the deposition of sediments which 
were then trapped during the backfilling process in 
front of the check dam. This backfilling was suf-
fcient enough to reach the retention basin, thus 
increasing the deposition in this area. 

CONCLUSIONS
A deposition area in some distance upstream, but 
still in the influence region, of an open check dam 
has been proven to increase the sediment storage 
capacity compared with the construction of an 
open check dam only. The combination of the two 
measures, i.e. a bed load trap in two separated 
structures therefore represents a remedy in case  
of spatial constrictions.
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