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ABSTRACT

Micro groins are an alternative bank-protection method which uses small submerged installations in the river bed
to direct the flow away from the bank. In order to assess the impact of micro groins on the bed morphology,
physical model experiments with movable bed were designed. A reference experiment and five variants with
micro groins having different lengths were conducted. Strong changes of the bed morphology with pronounced
deposition along the groin’s root and two erosion areas at the head of the groin and upstream its root were
observed. The bed morphology became more accentuated with increasing length of the groins.
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1 INTRODUCTION

Micro groins are an alternative bank protection method that identifies the flow field as the cause for bank and
bed erosion. Consequently, the flow velocity at the protected bank is reduced by inducing secondary flow with
small submerged installations called micro groins in the river bed (Mende & Sindelar 2010). Compared to
traditional, bank-hardening structures, e.g. river revetments, micro groins are more cost effective and offer
ecological advantages, e.g. a better crosslinking of land and water habitats as riprap-protection. However, for
the morphological impacts of micro groins only few studies exist so far (Méws & Koll 2014).

2 EXPERIMENTAL SETUP & METHODS

With reference to the conditions in a field project at the lowland river Alb near the Rhine port in Karlsruhe,
Germany, physical model experiments with movable bed ,that was made of plastic granulate, were designed
in the Theodor-Rehbock laboratory (Muller et al. 2020). Experimental runs were carried out in an acrylic flume
with a length of 18 meter and a width of 1 m and a slope of 0.9 %.. The scale of the experiments was set to
1:15. The 100-year flood of 88.44 I/s and a water depth of 22.5 cm were used as testing condition. Groins with
an inclination angle a of 60°, a groin width wgi, of 7 cm and a height hg.i, of 1/10 of the water level were
selected (Fig 1). Five different projected lengths I with ¥4, Vs, Y2, % and % of the channel width w,, were
chosen for these experiments. Four groins were placed with the recommended relative distance dg.in= 6 or 4
m (Mende 2014) starting at X1= 2.5. A reference experiment without groins was analyzed as well.

According to previous results, the secondary current evoked by the micro groins will not fully develop until the
third groin (Mende 2014). Therefore, the soil morphology was measured at groin n°3 from X=8.5 m to X=12.5
m by a Seatek Ultrasonic Ranging System compromising 31 transducers. Two extremely different states of
the bed structures could be observed due to the dunes in the flume. Yet, all intermediate states in-between
existed as well. The first characteristic state S1 was defined by low bed levels in the direct surroundings of the
groin, whereas in the second state S2 much higher bed levels at the groin root were found as the crest of the
dune was passing by. The bed topography from both states was used for the statistical analysis and the
standard deviation from S1 and S2 was averaged. For more detail on the experiments see Miller et al. (2020).

3 RESULTS

In Figure 1 a comparison is shown between bed morphologies for the reference experiment and micro groins
with lengths |, of 1/3 and 2/3 in state 1. In the reference experiment the bed morphology is very homogenous
and it's mainly influenced by dunes due to the fine bed material. The reduced bank-near flow velocity
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downstream of the groin leads to a significant deposition along the protected bank. This further increases the
bank protective effect. In the variant with I, = 2/3, the extremes in the bed morphology are much more
accentuated than for |, = 1/3. This finding is supported by the statistical analysis which shows an increase of
bed level variety with increasing length of the micro groins (Fig. 1). The micro groin with I, = % shows the
biggest variance of the bed levels. For this variant the standard deviation of the bed level increases to 3.7 cm
in comparison with 2.7 cm in the reference experiment.

Moreover, in all setups a scour can be found around half of the flume width downstream of the groin’s head.
Thus, the bed characteristics correspond well with results from Méws & Koll (2014) in a flume with gravel bed.
However, in the investigated setup, a deep scour upstream of the groin root can be found as well. It roughly
forms an equilateral triangle along the groin’s axis. Thus, the groin’s bank-protective effect is reversed in the
upstream area. This area will have to be properly protected to ensure the structural integrity of the structure.
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Figure 1. Design parameters of micro groins (Muller et al. 2020, left side up) and statistical analysis of the bed
level variety (left side down) and comparison of bed morphology for state 1 between the reference experiment
and experiments with micro groin of lengths |, = %5 and % (right side)

4  CONCLUSIONS

With the presented study it could be shown that micro groins have a strong effect on the river bed structures.
A deposition along the adjacent bank improves the bank protection effect. The effect is augmented with
increasing length of the structure. However, an erosion area directly upstream of the groin counteracts the
bank protection. Considering the high variety of bed morphology during the experiments more systematic
investigations and repeated experiments will have to be analyzed in order to further quantify these findings.
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