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Abstract

Currently in Korea, there are two methods of estimating the quantity of bed load: one based
on empirical formulas and the other on actual measurements. The method based on actual
measurements involves risks and complications pertaining to the installment and operation of
measuring equipment as well as the requirement of a capable workforce. This method has a
higher risk and requires larger cost and time. The method based on the empirical formula hosts
the risk of producing false values that are tens or hundreds times different from each other.
Thus, this study adopts the Hydrophone, a measuring device that estimates the quantity of bed
load indirectly by acquiring and analyzing sound data generated upon a crash of sediment on a
metallic pipe with a microphone in it. This study improves the level of understanding the
characteristics of the Hydrophone through a series of waterway experiments.
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<Figure 1> Configuration and operational flow diagram of the Hydrophone System
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Hydrophone

<Figure 2> Hydraulic model experiment equipment
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<Table 1> Experimental case

Weight of Sample Discharge Velocity of Flow Water Level
cEslia ek (e i) (m?/s) (m/s) -
1 water 0.0309 1.782 4.337
2 water B 0.0243 1.673 3.631
3 water 0.0178 1.454 3.068
4 water 0.0130 1.321 2.454
5 #3/4 0.0309 1.782 4.337
6 #3/4 8.908 0.0243 1.673 3.631
7 #3/4 ’ 0.0178 1.454 3.068
8 #3/4 0.0130 1.321 2.454
9 #1/2 0.0309 1.782 4.337
10 #1/2 9964 0.0243 1.673 3.631
11 #1/2 ’ 0.0178 1.454 3.068
12 #1/2 0.0130 1.321 2.454
13 #3/8 0.0309 1.782 4.337
14 #3/8 9.030 0.0243 1.673 3.631
15 #3/8 ’ 0.0178 1.454 3.068
16 #3/8 0.0130 1.321 2.454
17 #4 0.0309 1.782 4.337
18 #4 9606 0.0243 1.673 3.631
19 #4 ’ 0.0178 1.454 3.068
20 #4 0.0130 1.321 2.454
21 #10 0.0309 1.782 4.337
22 #10 8.640 0.0243 1.673 3.631
23 #10 ’ 0.0178 1.454 3.068
24 #10 0.0130 1.321 2.454
e particle size classification by sieve analysis test
e e LD 1

Experimental Sample

[—" Sample Washing and Saturation
Particle Size #3/4

(25.4~19.05mm)
2.0~5.0mm

#1/2
(19.05~12.7mm)
#3/8
(12.7~9.525mm)

#4 Acoustic data acquisition and analysis
(9.525~4.75mm)
#10
(4.75~2.0mm) Acoustic Energy Classification in accordance with

the Sample Particle Size

Sample Supply in the Flume

5.0~10.0mm

10.0~15.0mm

15.0~30.0mm

<Figure 3> Experiment procedure
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<Figure 4> Acoustic energy recognition range in accordance with the sample particle size(Q=0.0309m°/s)
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<Figure 6> Relationship between the acoustic energy and the grain size

<Table 2> Acoustic energy recognition range in accordance with the sample particle size and flow rate

oASE Acoustic Energy[mV] o
Q=0.0130m/s Q=0.0178n/s Q=0.0243m/s Q=0.0309m/s

water 0.00365 0.00379 0.00382 0.00522 0.6481
#10 0.03020 0.04422 0.04515 0.04247 0.5555
#4 0.21409 0.23612 0.24211 0.23833 0.6964

#3/8 0.59849 0.66696 0.71146 0.72445 0.9386
#1/2 1.38083 1.61551 1.71444 1.75908 0.9032

#3/4 2.73139 3.41762 3.67846 3.84557 0.9015
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