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Abstract In this study, hydrophones using acoustic sensors were used to estimate the amount of bedload
discharge in a forested watershed. The reaction characteristics were analyzed through hydrophone flume
tests and field tests, and the quantitative bedload discharge was calculated and compared with that
measured by a pit sampler. The hydrophone reaction changed the pulse according to the flow rate
change, but did not react to standard sand. The pulse was different depending on the particle size and
weight, and accordingly, there was a specific channel showing a suitable response. For a hydrophone
installed in the field, by using an automatic impact device, the reaction characteristics of each channel
were analyzed to confirm normal operation of the sensor and the suitability of the output value of each
channel. In addition, a suitable channel was selected for the estimation of bedload discharge. The
bedload discharge formula was developed using a hydrophone pulse and the average flow rate, and was
compared with the measured data in the pit sampler in the study site. As a result of the study, if a
hydrophone is used for monitoring the bedload in forested watersheds, it is considered effective in

quantitatively estimating the weight of bedload discharge.
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Fig. 1. Particle measurement principle of hydrophone
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Fig. 4. Image of flume used in the experiment
(a) flume I (b) flume I

Table 1. Specifications of the flume used in the

experiment
Flume 1 Flume I
Length(m) 1.2 2.0
Height(m) 0.3 0.3
Width(m) 0.3 0.2
Slope range of ~ ~
Harmeto 0~ 25 0~ 45
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Table 3. General characteristics of watersheds in the

study site
Site 1 Site 2
Year when
monitoring 2014 2014
started
Watershed area 29.3 ha 140.9 ha
Coordinates 35° 45'28.14" 36° 59'06.04"
127° 51°50.50" 129° 44°48.59”
Location Geochang Gyeongsan
Bedrock Igneous Igneous
Forest type Mixed Mixed
Forest age class 4 6
Slope of flow 5.413351.1o 2.91£277.6o
Slope range of
flume(®) 0~ 25 0~ 45

Table 2. Experimental conditions based on the purpose of the flume experiment

Experiments | (Exp. type) Samples Pfitzlede Weight VolurSne pai\tli[)eles v:llc(:(:?ty \f/eavteelr Discharge Gracgient No.
purpose No. case (eam) (2 (cm’) Gota) | (/9 (em) (nt/s) Q] flume
I (#1) 1 - - - - - - 386.7
(#2) 2 ~ - - - - 15 I
I (#3) 3~7 Standard 500 B 1.0 0.5 1,073.3
sand
E:g g Standar?ized 3;5 82 3
#6) 10 P Tize1s 56
#7) 11 13 2.0
i > » 5 ol - 1 084 | 15 | 8363 5 I
13 Si‘sple 19 2.0
14 21 2.0
15 30 6.0
(#8) 16 1,685 1,326.7
17 Site 1 266|  331.7
18 1,186 597.0
19 826 597.0
20 Site 2 2,164 1,459.3
21 377 437.8
22 1,257 862.3
23 Site 3 667|  398.0
24 502 452.2
\'4 25 - 237]  339.1 - 0.84 1.5 836.3 5 I
26 Site 4 2,017 1,243.4
27 961 623.5
28 2,056] 1,194.0
29 Site 5 1,073 928.7
30 79 265.3
31 2,039] 1,459.3
32 636] 4643
33 Site 6 175 265.3
34 4,125| 2,388.0
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Table 4. Analysis results of correlation between amount of bedload discharge and hydrological factors in

damaged forest watersheds

Avg. Avg. Max. Max. Avg.
Average Sta[,ldrflrd Bed'l oad Water Flow Water Flow . Total Dis-
deviation weight . X discharge
level velocity level velocity charge
Bedload 68.4 112.9 1
weight
Avg.
Water level 0.1 0.0 8632 1
Ave. 28 16 4654 7752 1
Flow velocity
Max. -
Water level 0.2 0.1 8948 .8931 5798 1
Max. 7.1 5.9 3732 4586 4784 5977 1
Flow velocity
Total dis= | 51540 | 226031 | 9290 8948 6127 9379 5659 1
charge
Avg. Dis- -
3.6 53 9445 9188 5413 9612 4181 9323 1
charge
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Fig. 16. Relationship between directly measured and
calculated weight of bedload in sites 1 and 2
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