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Fine sediments have the potential to impact both benthic and hyporheic ecology by processes such as scouring 

and abrasion or by clogging the interstitial pores. But fine sediments are also an important component of the bed 

material in gravel streams, having the capacity to move through the coarse bed at a broad range of flows and 

contribute to overall river functioning. The relationship between river flow and sediment accumulation in 

complex environments is not well understood and few examples of experimental studies to understand such 

dynamics exist in the literature. Following field experiments on fine sediments accumulation in fluctuating flows 

in the Kiewa River (Victoria, Australia), several experimental flumes were established to determine the extent of 

sediment accumulation related to fluctuating flows temporally watering and dewatering a gravel bar. Vertical 

and horizontal dynamic processes were linked to surface and subsurface flow dominance, respectively. The aim 

of the current study is to investigate the influence of inundation and dewatering on fine sediment accumulation 

rates. It is expected that high durations of inundation will induce the highest sediment accumulation presumably 

originated by vertical infiltration. However, horizontal fine sediment accumulation is also expected as a result of 

interstitial flows and pressure differences. 

 

 

1 INTRODUCTION 

Fine sediment is supplied from scour of the upstream streambed or banks, and erosion within the catchment [1]. 

Fine sediments have the potential to impact both benthic and hyporheic ecology by processes such as scouring 

and abrasion or by clogging the interstitial pores, or they can facilitate the attachment of nutrients or pollutants 

and temporally store them in the streambed. Such processes have increased relevance in regulated rivers due to 

alteration of natural dynamics. A greater understanding of the interaction between flows and sediment infiltration 

and accumulation processes in the hyporheic zone is needed to fully understand the potential impacts of variable 

river flow due to regulation. 

The amount of fine sediment infiltration within the streambed is an important component of the bed 

material in gravel streams, given fine sediment has  the capacity to move through the coarse bed at a broad range 

of flows. There are many physical factors which control the infiltration of fines into alluvial gravels [2]. They 

deposit within the gravel bed usually during low flows by gravity or by hyporheic flows, depending on particle 

size [3]. But apart from gravitational deposition, multiple physical processes occurring in the surface-subsurface 

water interface are likely to influence the presence of fine sediments within the streambed, including hyporheic 

exchange, exfiltration and re-suspension. Such processes are dependent on surface (water column) and 

subsurface flows and affect particle transport and retention [4]. Long periods with high discharge and high 

sediment transport are expected to show the maximum fine sediment infiltration [5,6]. However, high water 

levels may lead to re-suspension of fine sediment, decreasing the total amount of accumulation [7]. Water 

exchange processes in the subsurface are complex and driven on multi-scale processes, from catchment to patch 

scales. As a consequence, fine sediment infiltration and accumulation can be expected to differ depending on 

both regional and local processes [7]. Experimental studies observing the fine sediment dynamics at the patch 

scale in regulated rivers are rare. Accumulation is predominantly occurring during high flow events due to 

vertical infiltration. However, field observations in the Kiewa River (Victoria, Australia) illustrated that fine 

sediment accumulation can also occur in permanently dewatered patches, highlighting the importance of 

horizontal infiltration. This paper aims to understand the patch-scale mechanisms driving fine sediment 



accumulation during subsurface vs. surface dominating flows through flume experiments and the extent to which 

horizontal infiltration is able to influence fine sediment accumulation. 

 

 

2 METHODS 

2.1 Flume experimental set-up 

The experimental studies were carried out in an artificial open channel (height 0.4 m, width 0.3 m and length 6 

m) in which the Kiewa river gravels were introduced and its natural bed distribution was reproduced in a 0.3 m x 

0.3 m x 1.5 m section. In this section, a small gap of 0.2 m length (separated by screens of 9.5 mm x 9.5 mm 

mesh) was left empty of bed sediments and later filled with the coarser gravel sizes only (>9.5 mm). It was used 

to trap fine sediment and to allow fine sediment infiltration observations and sediment accumulation estimations 

(Figure 1). Several flume experiments were run with varying recirculating flows (Figure 1), resembling the 

typical high/surface (flooding) and low/subsurface (dewatering) fluctuating flows in the Kiewa due to 

hydropower operations fluctuations. In situ observations for each of the flow types were made to 

determine/confirm the dominant direction of sediment infiltration in the trap (vertically dominated infiltration 

should be linked to high flows, whilst subsurface flows should lead to dominantly horizontal infiltration).  

The total amount of accumulated sediment was collected after 14 runs with varying water discharge 

(high/flow) and different time durations ranging from 2h, 4h, 8h, 16h, 32h, 64h and 128h. A specially designed 

sediment collector fitting in the 0.2 m length slot was used to retrieve the sediment after each of the runs. Each 

sediment sample was then taken to the lab for particle size distribution analysis. They were first dried (100°C for 

24 hours until total water evaporated) and then put through a set of standard nested sieves (9.5, 4.75, 2.36, 0.85, 

0.3 mm). Each fraction was recovered and weighed and the total accumulation and accumulation rates for each 

of the sieves and the total sample were then computed. 

 

Figure 1. Experimental schematic illustrating the sediment trap and the high/surface and low/subsurface flows 

setup in the flume. 

 

 

3 PRELIMINARY RESULTS 

Preliminary results (Figure 2) of 2h, 4h, 8h and 16h exposure to high and low flows show greater accumulation 

during high flows than during low flows. In both cases, total accumulation (g) of sediment is higher with higher 

durations. However, accumulation rates (kg/day) do not follow a clear pattern, with the highest rate shown 

during the 2h exposure to high flows. In all cases, grain sizes between 0.15 and 0.85 mm (particularly 0.35 mm) 

accumulate in higher total amounts and rates than the smaller and bigger sieves (Figure 3).  

Although the results are preliminary, the following initial conclusions can be drawn: (i) total fine 

sediment accumulation follows an expected pattern directly linked to duration for both high and low flows, (ii) 

the relative accumulation or accumulation rates are not constant and are presumably influenced by the amount of 

sediment already infiltrated in the sample. Initially, fine sediments infiltrating the sample would fill the spaces 

between the gravels quickly, but as time passes infiltration and accumulation into a full matrix becomes more 

difficult, therefore rates slow down, (iii) middle-size grains presenting higher accumulation can be explained by 

the difficulty of transporting greater sediment sizes inside the sample and the ease of transporting finer sediment 

sizes outside the trap. Further variations to the experiments are currently being undertaken to explore further this 

initial findings.  

 

 

 

 

 



Figure 2. Total accumulation (left) and accumulation rates (right) of fine sediment during exposure to 

high/surface and low/subsurface flows. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Accumulation (top) and accumulation rates (bottom) for each of the grain fractions in the samples 

during exposure to high/surface and low/subsurface flows. 
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