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Correlation Analysis of Signal to Noise Ratio (SNR) and Suspended
Sediment Concentration (SSC) in Laboratory Conditions

ABSTRACT

Monitoring sediment flux is crucial especially for maintaining river systems to understand morphological behaviors. Recently,
hydroacoustic backscatter (or SNR) as a surrogate to empirically estimate suspended sediment concentration has been increasingly
highlighted for more efficient acquisition of sediment dataset, which is difficult throughout direct sediment sampling. However,
relevant contemporary researches have focused on wide range solution applicable for large natural rivers where H-ADCPs with
relatively low acoustic frequency have been widely utilized to seamlessly measure streamflow discharge. In this regard, this study aimed
at investigating hydroacoustical characteristics based on a very recently released H-ADCP (SonTek SL-3000) with high acoustic
frequency of 3 MHz in order to capitalize its capacity to be applied for suspended sediment monitoring in laboratory conditions.
SL-3000 was tested in a laboratory flume to collect SNR in conjunction with LISST-100X for actual sediment concentration and
particle distribution in both sand and silt sediment injection in various amount. Conventional algorithms to correct signal attenuations
for water and sediment were carefully tested to validate whether they can be applied for SL-3000. As result of analyzing the SNR-SSC
correlation trand, through further study in the future, it is confirmed that SSC can be observed indirectly by using the SNR.
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Fig. 1. Laboratory Flume to Test Hydroacoustical Characteristics in
Terms of Estimating Suspended Sediment Concentration
Based on SNR Observation as a Surrogate, Where LISST-100X
was Utilized for Validation and Establishment of SNR-SSC
Relation
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Fig. 3. Installation of Sequoia LISST-100X in the Laboratory Flume
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Fig. 4. A Customized Equipment for Contineous Supply of Sediment
Particles for the Entire Cross-Section of the Given Flume: (a)
Overall Feature of the Equipment Before Sediment Supply;
(b) Sediment Supply Toward the Flume
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Measurement; (b) Plan View of Equipments
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12cm

Fig. 7. Measurement Configuration of LISST-100X: (a) Location of
Points with Vertical Spacing of 3cm; (b) Lag Distance of
LISST-100X as Default Measurable Distance Down to Bed
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Fig. 8. Vertical Profile of Suspended Sediment Concentration from LISST-100X for Different Amount of Sediment Injection where red
Indicator Denoted the Location SL-3000 Measured SNR: (a) Cases for Sand Supply; (b) Cases for Silt Supply
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Fig. 10. Horizontal Distribution of SNR from SL-3000 for Different Amount Sediment Injection in Both Sand and Silt Supply, Where Vertical
Dot Line Indicates the Center of Flume Channel where LISST-100X Measured Suspended Sediment Concentration: (a) SNR
Distribution Along the Beam Path for Sand Supply; (b) SNR Distribution Along the Beam Path for Silt Supply
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using LISST-100X at the Channel Center: (a) SNR Profiles for Each Amount of Sand Injection; (b) SNR Profiles for Each Amount of Silt
Injection; (c) Comparative Representation of SSC and SNR at the Channel Center
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Fig. 12. Corrected SNR Profiles of SL-3000 After Applying Conventional Algorithm Compansating Attenuation by Water and Sediment
Particles for Both Sand and Silt: (a) Sand Cases; (b) Silt Cases

Table 1. Relation between SNR and SSC for Different Sediment Conditions in Sand and Silt Injection Cases

Sand Case Silt Case
Sediment State SNR (dB) SSC (ppm) Sediment State SNR (dB) SSC (ppm)

Clear Water 87.20 2.79 Clear Water 87.20 2.79

No Sediment 228.76 12.69 No Sediment 261.45 63.41

Low Sediment 334.03 48.58 Low Sediment 269.51 99.30

Medium Sediment 362.19 128.01 Medium Sediment 289.03 153.56

High Sediment 315.67 243.48 High Sediment 284.02 289.76
A W IS BASIITE welol AES TRsle] AR AE B AR G ARds ekl 28 ¢ 5 ok
W2 293 SNRa} RAARSE 3hS E2 Jeshd Table 17 o 3 wee] Agolke eE f4H Y F o) W SNR gl
ok B o] Jriso R AEe] 3urh thi v gk
5 7HA) frAbell diete] Z2F 279k SNRA} F-iARs = s < BRIohr & = Qr): -SR] RS Sl 73 HlelEE

ol-gsle] A RS 43 Bvk= Fig 139} 2ow, Rejot

f
0{}{'
B
®
®
©
Jm
ox.

<
iy
it
!
A
ot
5
fo
=
e

784  Journal of the Korean Society of Civil Engineers



® SNR vs S5C (Sand)

1000

SSC(ppm)
.
[=]
(=]
doo

-
S
L)

-

1 10 100 1000
SNR(dB)

(a)

b
v

® SNR vs 55C (Silt)

1000

55C(ppm)
.
[=]
(=]
\". .

[N
[S]

-
-

10 100 1000
SNR(dB)

(b)

Fig. 13. Established Relationship between SNR and SSC for Both Sand and Silt Sediment: (a) Sand Case; (b) Silt Case
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