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The dilemma of bedload monitoring in large gravel bed rivers P
To understand mountain gravel bed river morphodynamics, bedload flux needs to be studied and determined. The use of standard techniques to measure bedload Y

discharge involves problems of accuracy, reproducibility and efficiency. This is true of physical methods such as basket samplers. Geophones are being used Propagation

successfully to monitor bedload 1n small mountain gravel bed rivers. ADCP is being developed to monitor gravel bedload 1n large rivers (Rennie et al., 2004) with Moni .+ -
o _ o e - : ) . onitoring System

limited use 1n flood conditions. Therefore, other surrogate bedload monitoring techniques require development for large gravel bed rivers and floods. ”

Hydrophones sense acoustic waves generated by the river environment, including noise (turbulence in the river and around the hydrophone, the agitating water surface, Received signal <— Noise
direct impacts on the hydrophone) and sound generated by bedload motion. Acoustic information 1 the river environment derives from 1ts propagation from these Y

Signal Processing

sources toward the monitoring system (Fig. 1).
Our objective 1s to assess the ability of a hydrophone to monitor bedload transport in large gravel bed rivers. This 1s demonstrated by measurements on the large Rhine, Fig-l.- SChemaFiC diagram of a
the Arc en Maurienne during flushing and the instrumented Drau Rivers. Only the total acoustic energy 1s exemplified 1n this presentation. passive acoustic measurement
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The Rhine River is one of the major European waterways. Gravel is continuously | =] The Arc en Maurienne River undergoes annual sediment flushing operations.
supplied to avert degradation due to hydroelectric dam construction. Requiring Bedload was monitored using a hydrophone from a bridge (Fig. 6) and a Helley-
bedload measurements, hydrophone monitoring may prove to be an alternative to Smith (H-S) sampler (Fig. 7) as well as from the bank (Fig. 8-9). Due to H-S
standard sampling. sampling inefficiency and large spatial variations in bedload flux, the correlation 1s
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(Strahlhofer, 2010).

Discussion & Summary
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Because 1t has been shown that passive acoustic signals (Swiss geophones) due direct bedload impacts are well correlated to
physically monitored bedload discharge (Rickenmann & McArdell, 2008; Lukas, 2010), our hydrophone measurements, which
are highly correlated to the Drau River geophone signals, demonstrate the applicability of hydrophones for bedload monitoring .
in large gravel bed rivers. This proof of concept has been utilized to continuously monitor bedload under flood conditions mz}T
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Fig. 13. Spectrograms of acoustic responses from

: : : : : : . : : hydrophones in Arc i Maurienne, June 2012
Unlike monitoring of bedload transport due to direct impingement, the use of a hydrophone requires characterization of more YEropTOneS o
during flushing operation: bridge mounted (a) and

complex acoustic signals and methods to process these. For instance, the signals arising from a bankward position differ from fixed position bank mounted (b).
those monitored in mid-section. On the Arc en Maurienne, the entire frequency response differs with the bank-ward position
| having lower received energy; signals 1n mid-river are more energetic and noisy, particularly below 200 Hz (Fig. 13).

4

using a fixed location hydrophone on the bank of the Arc en Maurienne River. Furthermore, mitial results on the use of
hydrophone to monitor low bedload discharge of fine-grained sediment in the Rhine River are promising.
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