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{ SUMMARY )

Purpose &
Contents

— This research aimed at making a fundamental for disseminating currently
available acoustic-based suspended sediment observation techniques to
domestic applications in terms of collaborative workshop and discussion with
foreign institution (i.e., Irstea, France), where technical advances in this area
were also attempted throughout real—-scale field experiments.

— The collateral workshop basically was designed to capitalize international level
of technical cooperation in presentation and discussion as well as software
education and real—-scale experiment to enhance the understanding of domestic
researchers.

— Additionally, schematic derivation based on recent acoustic sediment
measurement techniques will be formulated to project them in the practical
applications in any actual situations.

Results

— Understanding of international level of technical and theoretical achievement in
acoustical SSC measurements

— Problem statements for conventional domestic sediment measurements and
circumstance in morphological variation

— Education and introduction of instrumentation for measuring suspended
sediment based on acoustics

— Real-scale experiment for measuring suspended sediment using acoustics
Establishment of basis for future collaboration with Irestea, France

Expected
Contribution

— Efficient measurement of sediment using acoustics is highly expected to enable
proper understanding interpretation of erosion and deposition process in the
riverine environments, thereby contributing policy making of nation—wide water
resources issues after four major river project

— Acoustic sediment measurement technique will be able to be promptly applied
to actually monitor sediment discharge in the field.

— Dedicated software for acoustical sediment measurements throughout future
international collaboration is expected to facilitate wide expansion of the
developed theoretical techniques for users with minimum preparedness.

— The workshop accomplished in this project contributed rigorously expanding
human network between French and Korean experts for enhancing relevant
technologies in various regards.

Keywords

River Sediment Acoustics Suspended Backscatter
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Rhone Sediment Observatory (OSR, 2009-2017): a regional research programme
focussing on the morphodynamics and particulate contaminant fluxes in the Rhone

river from Lake Geneva to the Mediterranean Sea.



FLUMAS project (Fluxes of matters through the Solimoes-Amazon system,
2014-2017, 67 k€) in collaboration with the French Research Institute for
Development (IRD) and the University of Manaus (Brazil, N. Filizola), within the
HyBAM observatory for the Amazon (cf. PhD of Elisa Armijos).

- Deployment and post-processing of three field campaigns aiming at quantifying the

A D =

sediment fluxes in the Mekong (2012, 2013) and the Amazon (2014), especially the
suspended sand transport using hydro—acoustic technologies (AQUASCAT, ADCP

at 300, 600 and 1200kHz).
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ymount of sound returned to the transducer (backscatter) depends on:
ncantration, size, shape, and density of the stuff suspended in the beam path (i, “targets” or
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7}. Session 1: Introduction and application of hydro—acoustical suspended sediment measurement
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* Gaugings with ADCPs coupling with
GPS to get flows, velocities,
bathymetry, backscatter, bottom track

12000
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water discharge [m’/s)
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| ——rating curve
dala MRC

= ADCP Oct, 12

* ADCP Aug 13

2000 -

5 0 15
water depth [m]

Rating curve in Luang Prabang
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= Calibration
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ADCP backscatter data § 40 lr

g -+Filtred samples
]

Le Rhéne & Champagneux PK 1032 le 231052016 de 15h & 16h ~+ADCP Backscatter

e o om0 0 T T y
. 0 4 8 12 16
2| 035

% ) e i '“.: Samples (increasing concentrations)

| . G

£ s Backscatter calibration with samples

i ofe
——Bathymetie
* Concentration en MES[wi
50 100 350

— We choose a representative diameter for the sediment,
which is not always realistic.

150 200 280 300
Distance depuis la rive gauche [m]

Concentration data

ES0 EMES R RAFSES| 22 24

Blad data
2000 mgd
S50 mgA
0.0 mgA
1235.0 mgd
T60.0 mgd
1950 mgd
230.0 mgd
2650 ma
3000 mgd
300.0 mgd

L I N

Depth (m)

v

O Introduction to acoustic measurements of suspended sediment concentration(Adrian
Vergne)

- 2998 oW FAE 249 /R OB ¥ 54 el &)

= =

Clay —silt ~1 - 20
Sand ~ 100 - 200 ym




Range

Measured signal Attenuahon
< \

W = 3
= M1/2 = Vims T 2(aw+ as(M)r)
- L K.k,

Sediment (j K Instrument

parameter parameter

Concentration

xS1} HHIALE

i
i

83t HOASE W 2B

—

O Estimation of suspended sediment concentration in small stream with acoustic
backscatter from horizontal ADCP based on real-scale field experiment(Dong-Su
Kim)

- lEe) el RgAl EA4 uy A7) 2 BAE &)

Oata
colln etian

H-ADCPE 283t 81Ho| £RANSE A5 2|
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400

S5C-SNR Relation Analysis

o SNR1

Before sediment

SSC-SNR Relation Analysis

© SNR2

300 R?=0.8835
Ei:: q;?";‘q;oa
%:sn
100
50
° 250 260 270 280 290 300 310 320 330 340 330
SNR(dB) SNR(dB)
AR SHHANE S8 ZI 24 (SNR-SSO
O Monitoring suspended sediments in rivers with acoustic instrument:
developments and ongoing research(Adrian Vergne)
C 29T WSS B8 283 A wUH A
Amazon case study
01 01
0.05 0.05 |
0 0 — A
10" 10" 10° 10° 100 10" 10° 10 100 10
0.1 0.1
32m
Probability 0.05 0.05
density
G 1 i 1 > 2 3 0 )
107 10 10' 10° 100 10" 10" 10" 100 107
0.1 0.1
0.05 0.05
0 = 0
107 10" 10 100 10 10" 10" 10 100 10°
Diameter (pm)
A2} HAEE 289 ZLHE Zxt
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Fine sediments (= 1 g/L)
+ sand sediment
— test the 2™ inversion technique

* Surface / bottom reflections?

g

Uniform sand sediment transport ?

BimodalO| o] XSTE R4 7|t SAIY SX
O Experimental investigation of the effects of vegetation on stream morphodynamics

(Chang-Lae Jang)
- AF 2 A A 9t sk X3 wWsl Ak

(D) 20054
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Before flowing wat
er

After 125min

Indoor Lab

small scale

Flow structures
&
morphodynamics
in vegetated
channel

Numerical modeling

\/

60 min,

Outdoor Lab

Medium scale

Monitoring
of flow and
morphodynamics

_22_

After 215min

After 275min

Natural channel

Large scale

Field monitoring
of flow and
morphodynamics
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O Risk assessment of soil erosion, sediment transport, and net elevation change in the
watershed(Un Ji)

- S Rk ol Fad

~ Spatial and Temporal Watershed

- Modeling of Rainfall — Runoff - Soil |

 Erosion- Sediment Transport for
Extreme Rainfall & Flood

Application of Analysis Results for
Runoff, Sediment Concentration,
and Bed and Surface Elevation
Changes

-

Effective Best Management
Practices (BMPs) for Watershed
Management
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O Experimental projects conducted in KICT River Experiment Center(Joon-Gu Kang)
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Scale Model Test
Hydraulic Model Experiment

Scale Model Test
Physical Model Experiment

(Design Verification) (Flow Characteristics)

Real Scale Experiment
(Vegetation, Fish and aquatic habitats)
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-VegetationPatch .

O Hydrological survey in Kkorea-sediment load & river morphological changes

measurement(Chang-Sun Kim)

- FREAYE )

% Streamflow measurement  sop2) Discharge measurement
Step1) Water level measurement (Over 100 sites per year)

Streamflow station

Acoustic Dappler fscharg by foats
The maln stream in Korea current Profiler(&DCP) ‘measurement and bridge board

&=

Step3) Development of H-Q rating curve
and Discharge hydrograph

i |
A
e

9,
e

Sediment load survey

+  Measurement of Suspend Sediment : 22 sites(2014)

+  Collecting bed material(Using GPS) and analysis of sample (Advanced
Particle size analysis)

+ Development of relation between discharge and sediment load

+ Estimation total sediment load

* Measurement of suspended sediment * Particle size analysis




2008 2009 2010 2011 2014 2015

Discharge 109 114 126 121 123 148 155 156
Sediment 6 7 7 20 15 15 26 22
Soil Moisture 2 2 2 2 2 2 2 2
Evapotranspiration 2 2 2 2 2 2 2 2
Automated | &€ | 3 2 3 10 3 3 3
Discharge | 2oy | g 11 13 16 43 46 49 52

< Watershed Monitoring : Hydrological characteristics, RCS (2012~)

s

“  River Morphological Changes Monitoring (2012~)

"o

I RARZ TA B

- S S s B Al

< River Morphological Changes Monitoring
+ Sediment discharge survey
+ Development of the relation between flow discharge and sediment load
* Investigation and analysis of stream bed changes

Strwats chiannol change prendtaring + Monitoring Case

N

¥

+ Analysis on erosion & deposition - Stream management system

SO T AV 3
T S

« Equipments of channel survey - Multifunctional Weir Monitoring

=
e
——
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O Introduction of acoustic

(Adrien Vergne)

. Session 2: Introduction of hydro-acoustic instrumentation and software

1 gT FAYE ZY AT A B ATE FAR G
2SHEEAREALT BED FAY 24 #a 2zEdol Ad
FAEYPA) FAY T2aRL )

instrumentations for suspended sediment measurement

Method

Advantage

Disadvantage

Bottle Sampling

1. Conceptually simple
2. Maybe more accurate

3. Need no calibration

1. Intrusive

2. Labor intensive and time wasting, can't

sample more intensely

1. Relatively inexpensive

1. Sensitive to grain size {(more sensitive to fines

2. High resolution in space

3. Non-intrusive, Non-biofouling

than ADCP)
oBS 2. small, thus relatively non-intrusive . L
2. Require calibration
3. Easy to handle and post-process
3. Bio-fouling
1. Ability to measure time series of particle size
distribution (PSD) 1. Large and would cause flow obstruction 2.
LISST 2. One calibration factor holds over a wide More expensive than OBS
range grain sizes 3. Easy to handle and post- | 3. Fragile because of optical lens
process
1. Can simultaneously sample a full SSC profile |1. Echo intensity highly susceptible to
with single instrument absorption and scattering by sea water and
ADCP/ ABS

grains

2. More sensitive to larger grain size

A4 RAE
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- AquaScat tUF 253 HRALE S o] &3t AL A4 A Al

) AQUAscat Toolkit g@J@

Fie Calibration Modeling = Help

] HQQQ‘\‘?’?Q

— ABS Summary — — Calculate Suspended Sediment Profies——— = — =
Profles | 1 | 1o[1750] [Range Correc... w| | Channst 1 2 3 4 Mass (af) | 01 | | averaging: |10 | Save Data
Samples:| 1| to| 200 73 = Calkration: |0.01 | [0.01 | [001 || Renge(m): | 05 [[] Bateh Process  [T] Mutti-Freguency
[] Bottom Detect |2 v| B Selectedt: Tme(sy |58 [ Summary [] Direct Caltoration
/20s{o o5 ] | mimenxcumy:[ 100 | (400 [ Muti-Frequency || | [Direct Calioration | |[__Sediment ]

[#8s profies  [aBs Time Series [sscprofies  [ssc Time series | [ Show Grid  []Mean Protie

20070627043027.aqa  27-Jun-2007 04:30:27

Time (s)
800

200 400 600

Depth (m)

1600

1 MHz

e )

Depth {m)

oo s N

2 MHz

Depth (m)

@O s

Depth (m)

Bed

]
T

} Channel 4 5MHz

0.9

08

o o o B9
2 m N

o
[

Mass Concentration (g/)

0.2

0.1

10 20 30 40 50

25

60
Mean Grain Radius (um)

70 80

90 Range (m)

H O

FRrAsEe Bo Y

=]

_28_

39

~N A

e At

A4




O Software demonstration for

(Dong-Su Kim)

- SL-3000(%] %3

ES RS SR

hydro-acoustic

suspended

sediment measurement

[s) i_o.:q.ﬂ ].El: al AEEO]]O] ]
o] =S UHIALEE BA 4 9 Al
% non L o = EEE S
e . e B B [ e o -
i ] Voot ki [ | G i | i | ity Vet |l G| G| g Wl [ V] G |
‘ Valocky Graph s
[==arn Veiocity Contour
12
=
I i
115 1 ank JNAG -
i Do AN N
b5 g i Mﬁ&%r .
i 'Y I .
Flatv n I .
fow ‘ .
> om 1 i
oat § I
0% 3 "
= . v ¥
039
| i e s
at ot s Gont o e it g eom oot
o s e G 0 tecpen oo
o s S 4 el 738 B w04 112
. | o - con

(o e e S —— |
T 1
Dt G ety | | s | Corks l

a
‘SNR Graph s
e | —
St
- Tiva st

v
- ]
e W
S0 M6 W@ R T 10413 s msin
o e usm @

| St G sy | oleags] oD | i

SNR Graph
e o]

0 8 10 7 N M MG IO 004N
ol

Boe
coanes M
B KO .
e = .

AmEg|of




_Ein i =al s
4% BN 7 IEW
Faiiams Esamles Fanont Samgishly Do Time Prch [0 Howing BeatSpead Eqwluncion
151 = » 1 TGS 2., L EIN.. 2% 57 [l ]
als2 % LOTPESTSAE.,, TH A1 28T
= OTIOANIEE,, 51, AR,
; R W
i UMM, 67 S0
) OOETIMITING, , - T5 T e
& 1 oy
i WERMIETE.. T 608,
] 004 PRS00, 5O SR
¥
ITI\; LGTIMEREL.,, 151N
n OSTTMIFIHE. .. 104 SE0TEETL
m — -
™
% . EETERT Ny —
§ v B v ),
® - ] L —
n e LR St -0 LIS ’
a e . .
=
b
i e me R
et
Q -~
—
b
/A =1
-
= o
" L] | _na
= 4 wees 3 T W
. —
ol 2XN2| AZEQ]
- — T
_ =228 g AZEYO AA
LISST H4A5 % ATES A
st i e mn e -
my BY =3 8%
oL SampleNo Date 08 1.2 181 [k 21 243 ) i s (3 589 &7 = Lt " it} T
016-M4-8 2., 0050657 0.0768529 0.12534 0190185 029589 027874 | 031299 0432148 051362 (560821 062478 0saNT 0700658 0761728 0.787258 =T
2 WEUNe. MMz 0076571 0126849 0191253 0259006 oz | 03069 0440563 05535 0560155 [ 06516 07001 (= 07148 o |
3 wewme, | coems | 0w | o vimes | s [E ] [ (=] w576 [ (T a7ieEs amzs | 0wwm amens
§ oboss. omsw | om0 i3 oz uze e [ [EE] agmi [ ami o) 0] 07
5 2016-M-92.,, 0025999 0.0543799 0108731 0,190354 0,277 0,287349 030077 0434718 0526377 0563138 0620117 0638872 0,69163. 10,7536 0,796 0750967
6 2016-04-9 2. 002843 0.0526808 ©.107681 0190613 0,278804 0.785344 0,308485 0451024 054611 0571437 0643671 065348 0. 708e5 0773688 0,799586 0.7M62%6
7 2016-M-29 2, 00185642 0.0385368 0.0899159 0178563 0281437 028992 0.297381 0437742 0.540941 256818 065029 0652461 0.706043 0714223 0,799223 0.764937
8 2016-M-92... 00193737 0.0409574 0.09753% 0,19239 0238209 0,296414 0298371 0440034 0,53665 (0555863 0540255 0648104 o 07 0,801102 0.761251
3 MEMU-NL., 00219167 00446834 0101503 0192155 10,2603 0.286752 029553 043738 0534617 (558562 064035 0645874 070452 0S8 0,739% 078583
W EMme.  oomMs  omes | ooRens | ormEe azEms o oo 083753 054 w77 e e [ ums | omns a7
" 2016-M4-29 2. 0.0193663 00404548 0.0944622 0182417 0,2786%2 02173 0,285603. 0.431581 0531552 055387 0641683 0,644009 0.635088 0756369 0,712 0738523
2 ME-M-VR.,, 0.016809 0.0361%05. 0.0879847 0178019 0.282004 0,285198 02916 0440014 0545008 0567287 g5 06549 0710839 07si7s 0,604727 0.766443
B MeMMe. 007 | O0WIS | QoWsM | 007 [(EL] oawes | s () (B w57 [ (=T =] ! e =
" 206-M-B 2, 0013455 0.031154 00827029 0175374 0, 29456 0296288 0.294523 0445238 0554497 057027 066153 0.85%7 0715681 0790131 081826 0780684
5 obw®e. 008 | 003 | oowEe | o oz a2 (Eo 0oz [ usTEran 7R (L) wms | o | omize ammze
5 w92, 00RMS | QokoMs | QoM | 017 020%5 vasi® | oam ) [ 057 =) smiET =) | omsn ansist
” 2016-M-1 2., 00142844 0.0%2343 0.083184 01793 0.2595% 029219 0294123 0.445501 0.551497 (L5E24T4 6ne3 067008 0723829 0790577 | 0810679 078772
B 2016-04-28 2., 001612 0.035%0861 00902168 0,185256. 0297619 0.296502 0.297744 0.447281 0.553281 0575959 0663671 0664338 072037 07871 0.504605. 0723
" 2016-M-92,, 0013168 001014 0.0834639 0181886 0, 300044 0,295221 0230213 0441337 0,555001 0575393 0653002 0661314 0715 07349 0,804281 0764983
a WML, 00149183 0.0331847 0.0845737 0179153 0,29338 0,29%04 0,303791 04599 0572705 0597759 687 0689745 070389 0.825009 0,848726 0.6049%
2 06-M-82. 00152258 00336194 DOB41623 0177887 0.2915% LE T 0.305545. 45 0.563943. 159814 083113 069es 0.74721 L8171 0.547347 o8l
2z wewse. oo ommms | omed | 01 (EET [T 0sseEn [ o555 52 (L s s s oo
B wEwme. oo | oomm | oomes | orm (= (E [Eo) [ [ A [ [ 0706 nmws | opuas oaceaar
T —T R T — [ —T— Py = i e S s o s e T
PSD [ Time Serles | Vertical SSC|
Panticle Size Distibution Cumlative Concentrmtion Time; 2% 63209 =l
[ Sample —— Average ~=~ Min === Max Totar el Cotes 8%
Total Mass Conc: 5
] g
T : u
1 H ~
S 4
£ — s
3 . =
3
eSS i =
T e In ;. am S8 7w w s s we ws T ae 4w se 7m0 ;e 314 me 415 w5 w1
R P PP P TR TR 52 a0 ez ses 24 a6 s M a3 m der sz 3 A w2 se 1@
microns microns
1] o RawDatz
— Smocthed Data
o RawData —— Smoothed Dala |
140
2
°
120
=
100 E
£
Q 80 @
@ =1
w 60 1
=
e A
40 -
o e
204 (it
0 a
04-29 18:32:00 04-2918:3230 D4-2918:33:00  04-2918:33:30 04-2918:34:00
22.4704528 624704520 1024704523
Time 82.4704529 122 4704529
Volume Concentration

AL E

LISST = Xz2| AZEQ|0]

_30_



t}. Session 3: Real-scale field experiment for hydro—acoustical suspended sediment
measurement
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2}. Session 4: Data analysis of real-scale field experiment and future collaboration
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Specification

SL-3000

Sampling Range

0.1 to 5m

Minimum Channel Width

0.5m

Multi—cell Velocity Profiling

Up to 128 cells

Water velocity — Range

+7m/s
Water Velocity — Accuracy +0.005m/s
Water Level — Vertical Beam
0.1 to 5m
Range
Depth <3m :
Water Level — Vertical Beam +0.3m
Accuracy Depth = 3m :
+0.1%
Temperature Sensor — 109
Accuracy
Weight in Air 0.45kg
Weight in Water 0.1kg

35 4
Distance from the left bank{m)

45 5 55 &
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Adrien Vergne
Sept. 26" 2016
Irstea Lyon Villeurbanne — Hydrology Hydraulics research team

Acoustic measurement of suspended sediment — Workshop in KICT Andong, 18 — 22 July 2016

Acoustic backscatter data analysis

This working paper focuses on acoustic backscatter (ABS) data recorded with an Agquascat (acoustic
backscatter profiler) at the KICT River Experiment Center in Andong, during the workshop held from July
18" to 227,

Night experiment — 07-22-2016, last experiment (6 buckets of “clay sedimant”)

Injection of sediments from the closest upstream bridge (~ 40 m from the ABS profiler). The sediments
used were taken fram the “clay” type, which was actually a mix of clay, sand and even coarser
sediments. 6 buckets of this mixture were injected, in a ~1-2 minutes time lapse.

The experiment has been repeated 3 times, ABS recording starting respectively at 00:18, 00:29 and
00:38. The backscatter intensity as a function of range (= depth) vs time (in seconds from the beginning

of the recording) is shown in Figure 1.
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The increase of backscatter intensity when the sediment plume is passing through the Aguascat beams is
clearly visible in Figure 1, as the colors are moving from bluefgreen {low backscatter) to greenfyellow
{higher backscatter) over time. We can already see that the backscatter is not very stable over time,
which means that the concentration and / ar grain size distribution is changing quickly.

At the beginning of the measurements it is worthy to note that the backscatter looks higher close to the
bottom, especially for the most sensitive frequencies (2.5 and 5 MHz). This is probably due to coarser
sediment transport at the bottom of the canal that occurs even in the absence of sediment release from
the bridge. This coarser sediment load may come from the mixers supply, as we can assume that the
coarser sediments first felt down to the bottom of the canal, and then have been be gently re-
suspended. This coarser sediment load also came from the sandy bed itself that has been clearly eroded
during the experiment (Figure).

Sand transport looks therefore possible in the REC facilities but was not very controlled during the
workshop experiments. The backscatter records show that the coarser sediment load moving close to
the bed is far from being stable. It has a strong temporal and spatial variability, and seems to move in
“packets”. & temporal averaging is needed to account for this variability; a one-time acoustic
measurement or sampling would be meaningless.

Figure 3 shows the evolution of the backscatter intensity at several depths for each Aquascat frequency,
during 2 recording periods starting at 00:18 and 00:39 respectively (6 buckets of sediments released
gach time). The backscatter intensity is averaged over a duration of 5 seconds (= 200 pings), and +/- 2.5
cm around the reference depth (= 10 measurement cells). The backscatter is also corrected from
acoustic losses due to geometrical spreading and water attenuation. The increase of backscatter due to
the increase of sediment concentration is obvious. It is also clear that this increase is immediately
followed by a drop, so that we do not get any stable concentration over time. The peak of backscatter is
roughly the same for the 2 experiments. Interestingly, the backscatter is decreasing with depth for the
lower frequencies, which means the sediment attenuation predominates at these frequencies (low
backscatter). On the contrary, the backscatter is increasing with depth at higher frequencies, which
means that the increase of backscatter is stronger than the increase of attenuation. It also means that
there was a gradient of concentration and / or grain size along the water column.

_47_



(a)

(b)

ey e}

0.5 MHz

Does

oo

0y

0oos

Backscattes (Stunlst

L)

80 g Im
T 5]

2.5 MHz

F5]

amogy

]

1011

B I 130 1440 60
Time ()

180

05 MHz

1010
ooy

Ehﬂﬂl

= Dop? i
A 00E
noos
nood

0003
nooz

Backssatter |counts)

]

aole

W 10 L5 1d
Time (43
25 MHr

182 16D

s

no1z

Ll

LS

Backscatrer foounts|

o0s [\

oo

s

B 100 L0 140

Thimee dal

Mg 180

120 s

ool

oole

0014 ¢

o012

Backscasier {onunis|

] A

el

anis

s

anis

o
=
[+

o
=
=1
=1

Baviscstber {rounts}

$85 8

B 1 30 B 16D

Tirre 43

0 186

o024 1.‘” “H_:

HL )
Qo0
LR
2018

o4
na1z
no1n
pong [
RhiiL

ools

bIsm
Gdm
bS5 m
BT2m

omae

. bol4
§ noL:
é aa1n

oouh

anod L

11["]!1

ST
Tirmee 451

Figure 3: backscatter intensity corrected from range and water viscosity losses for 2 experiments starting at

00:18 (a) and 00:39 (k)
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2" day experiment — 07-22-2016 |3 buckets of “clay” + 3 buckets of “sand” [ 4 buckets of “sand")

During this experiment, a mix of 3 buckets of "clay sediment” and 3 buckets of "sand sediment” was
released from the closest upstream bridge, ~40 m from the instrument. The backscatter recording
started at 2:51pm for the first experiment, and 2:57pm for the second one, the evolution of the
hackscatter intensity for the 2 experiments is shown in Figure 4.

Again, a rise of backscatter intensity is clearly seen when the sediment load is passing below the
instrument. The difference between the two experiments and between these experiments and the
previous ones (at night) is not very clear. In fact, the "clay”-type sediment was also containing some
sand, making the distinction between the different cases difficult.

2" day experiment —07-22-2016 — last experiment (8 buckets of “clay” sediment)

For the last experiment, the injection was moved to the previous upstream bridge, allowing better
sediment mixing before the measurement section. Again, the panache of sediments is clearly visible in
the backscatter data. The time in which the backscatter is at its maximum is a little bit longer compared
with the other experiments. The backscatter is also somewhat lower, which means the concentration is

probabily smaller. The increase of backscatter is also very small for lower frequencies, which means the
sediment size was prabably smaller too.
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Figure 5: backscatter intensity corrected from range and water viscosity losses for the last experiment starting at
4:3Bpm

Further analysis

It would be very interesting to compare LISST grain size and concentration data with acoustic backscatter
profiles. In particular, LISST data could be used for computing the theoretical backscatter profiles (also
known as the direct problem), and compare these profiles with the recorded ones. A good correlation
between the theoretical and measured profiles would give some confidence to apply acoustic inversion
methods. & poor correfation may be a sign of insufficient grain size or concentration data, fiocculation,
air bubbles, as well as a problem in the theoretical backscatter model itself,
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Irstea

Review for 1* Korea-France International Joint Workshop

1. Overall review for the Joint workshop

- The workshop was very beneficial for mutual learning, technical demonstraticn and
development of joint research

- The workshop particularly involved PhD students from Korea and France

- The workshop was also useful in advertising the research potential of the KICT REC
in Andong

2. Achievements of the workshop

- Scientific seminar with presentations on theory, methods and experimental results
from field campaigns and laboratory experiments

= Joint experiments in the REC and demonstration of advanced technologies (ABS
Aguascat, Doppler profilers, LISST laser grain sizer, UAV monitoring, etc.)

3. Plan for continuous collaboration

- Enhance collaboration perspectives between Irstea and KICT (cf. visit of KICT
delegation In Nov. 2016 and their participation to the French ADCP intercomparison
experiment, project of a MoU between both organisations)

- Continue research collaboration between Irstea and Dankook University: PhD
students, processing of hydro-acoustic measurements (suspended sediment
concentration, uncertainty analysis, flow mapping)

Organization: IRSTEA, France

Mame: Dr. LE COZ Jérome
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Review for 1%t Korea-France International Joint Workshop

1. Overall review for the Joint workshop

— The workshop was a great opportunity for mutual learning. With quality presentations

and discussions.

— The planning of the workshop was excellent with a good mix between theory and

experimentation

~ The measurements taken are encouraging for the continuation of our collaboration

on sand flow measurement.
2. Achievements of the workshop
— Scientific seminar with presentations
— Experimentations on sediment injection in the flume
— Measurement with several technologies (acoustics, optical, sampling)

3. Plan for continuous collaboration

— Enhance collaboration between KICT and Irstea (cf. visit of KICT delegation in

France in November 2016)

— Continue research collaboration between Dankook University and Irstea (suspended

sediment measurement, uncertainty analysis, LSPIV)

Crganization: IRSTEA

Name: Dramais Signature: 2 Date 07/09/2016
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Review for 1% Korea-France International Joint Workshop

1. Owerall review for the Joint workshop

- Experimental training / mutual leaming on the latest measurement technologies

(acoustic and laser mainly)
- Very productive scientific talks, both on theory and experiment issues
- Very good organization and facilities

2. Achievements of the workshop
- High level scientific presentations and discussions during the seminar
- Recording of useful data to compare the different instruments

- Prellminary test of the REC facilities for suspended sediment transport research,
promising feedback

3. Plan for continuous collaboration
= Processing and discussion on recorded data

~ Talks an further experiments design

Organization: Irstea, France

Name: Sign

Date
- 12 /ES/ZGHJ

Adrien Viergne, PhD candidate
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Direction Générale France GUILLAUME DRAMAIS
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42800 GENILAC
30, avenue Léon Gaumont FRANCE
75985 Paris cedex 20
France
CENTRE DE RELATION CLIENT FRANCE IATA N°: 20488170
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From: Vergne Adrien [mailto:adrien.vergne@irstea.fr]
Sent: Tuesday, October 11, 2016 4:44 PM
To: Dongsu Kim <kds406@gmail.com>

Subject: Re: Worshop experiment feedback

Thank you Dongsu, let’s keep in touch on these points. We will also discuss about that when the
KICT will visit us on November 3-4.

Best regards,

Adrien VERGNE

PhD student - Irstea Lyon-Villeurbanne

5 rue de la Doua, CS70077 69 626 Villeurbanne Cedex - FRANCE
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+33 (0)4 72 20 86 11

www.irstea.fr/hhly

1. De: "Dongsu Kim” <kds406@gmail.com>
2. A: "Vergne Adrien” <adrien.vergne@irstea.fr>

3. Cc: "Le Coz Jérome” <jerome.lecoz@irstea.fr>, "Dramais Guillaume” <guillaume.dramais@irstea.f

r>, "Berni Celine” <celine.berni@irstea.fr>
4. Envoyé: Mardi 11 Octobre 2016 09:16:20
5. Objet: RE: Worshop experiment feedback

Hi Adrien and other colleagues,

Thank you for your preliminary analysis. Results are interesting!! It is obvious Acuascat is

really nice!!

In our side, we are also moving forward to do relevant data analysis, but still not quite

done yet.

It was mainly because my student Geunsoo and myself has been swamped with another
sediment data analysis measured in river confluence (one of our projects: these data looks
also promising for our further collaboration as well!). So, data analysis for Andong datset

was a bit delayed.

Among others in various Andong dataset, we will firstly prepare LISST and water
sampling data (documentation and data) up to October 25 and send them to you for your
analysis. Then, the remaining results based on ADCP data analysis will be shared

afterward (hopefully in November).

Let’'s keep in mind that 1) these preliminary experimental results will be used to make
other projects like PHC STAR; 2) the next experiments (probably 2017 spring) will be
accordingly planned no matter what a project is made; 3) an official collaboration between
KICT Andong (Dankook Univ) with Irestea will be able to be formulated to make a formal

association between us.
Thank you for your patience, and let’'s keep in touch™
Best,

Dongsu

Dongsu Kim
Associate Professor/Ph.D.
Civil and Environmental Engineering

Dankook University, South Korea
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Phone: 031-8005-3611 (office), 010-7407-4095 (mobile)

6. From: Vergne Adrien [mailto:adrien.vergne@irstea.fr]
7. Sent: Thursday, October 06, 2016 12:42 AM
8. To: Dongsu Kim <kds406@gmail.com>

9. Cc: Le Coz Jérome <jerome.lecoz@irstea.fr>; Dramais Guillaume

<guillaume.dramais@irstea.fr>; Berni Celine <celine.berni@irstea.fr>
10. Subject: Worshop experiment feedback

Dear Dongsu,

I hope everything is going well in Korea. As for me I am back to Lyon, working in the lab for

now. I am trying to deploy the Aquascat in a tank, with a suspension of fine sediments.

You will find attached 2 little documents. One is a quick analysis of some Aquascat data, mainly
showing that the sediment load was quite unstable. The other one presents some ideas of
improvement for further experiments. We are very interested in your feedback on these documents,
as we will talk about these topics with some of your colleagues from the KICT who are coming in

Lyon on November 3-4.

Best regards,

Adrien VERGNE

PhD student - Irstea Lyon—Villeurbanne
SruedelaDoua,CS7007769626 VilleurbanneCedex-FRANCE
+33 (0)4 72 20 86 11

www.irstea.fr/hhly
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Acoustic measurement of suspended sediments

KICT River Experiment Center — feedback on the workshop experiments of 21-22 July 2016 and
considerations for further experiments

Sediment supply

Two types of suspended sediments are of interest: fine sediments, ideally fully mixed in the water
column, and sand sediments, which are transported close to the bottom of the canal. The supply of these
2 types of sediments should be considered separately.

Fine sediment supply: the mixers used during the workshop worked well when they were located far

upstream in the steep, sinuous section of the channel, allowing a good mixing of the sediments before
they reached the measurement section. However, a higher concentration and a longer period of stable
concentration would be required. The mixing / releasing capacities would need to be improved. Ideally, a
concentration of 1 g/L of fine sediments during a period of 20 minutes would be great. This needs to
release sediment during ~30 minutes, in order to get a good mixing and a stable concentration during
the 20 minutes of measurements. For a 3.0 m3/s reference flow, it requires around 5.5 tons of
sediments, injected in 30 min.

Coarse {sand) sediment supply: the workshop experiments showed that sand can be transported in the

measurement section. Howewver, rather than injecting the sand from outside, which would require huge
guantities in order to get an equilibrium transport, it looks more interesting to put it directhy on the canal
bed befare filling the canal with water, and measure local transport. For instance, a sand dune could be
built right upstream of the measurement section. It will be gently eroded by the water flow, creating a
sand sediment load at the bottom of the canal. The topography of the dune could be monitored to give
an estimation of the erosion. The sand dune should be big enough to supply sand sediment during all the
duration of the experiment.

Sediment monitoring

Turbidity sensors would be very useful to ensure that the concentration of fine sediments is stable
during the measurement period and that the sediments are fully mixed in the measurement section. In
other words, they can be used to monitor the homogeneity of the suspended load in the measurement
cross-section, both in space and time. Turbidity sensors placed upstream and downstream could also
provide information on a possible deposition of sediments along the canal reach.
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The use of a video camera mounted on a drone was very helpful to follow the sediment plume and its
advection/diffusion during the workshop experiments. This would be useful to do again in further
experiments.

Sediment sampling

In order to assess the precision of acoustic inversion methods, acoustic data should be coupled with
direct water sampling, at the same location as the acoustic measurements. The best sampling device
would ideally take several samples at several depths in the same time. & pumping system could be a
good option, with several water inlets at different depths. The pumping flow should also be regulated
according to the water flow velocity, to make the sampling isokinetic.

Taking water samples calls for being able to process them on site. It needs some filtration equipment, a
precision weighting scale and a sterilizer for measuring the concentration. Ideally, a laser grain sizer for
measuring the grain size distribution in the water samples would also be very useful.

Water flow monitoring

Ideally, the water flow should remain constant during all the experiment. Monitoring the actual flow of
the canal would therefore be very helpful. Some ADCP cross-sections were recorded during the
workshop experiments. It was useful and it would be interesting keep measuring the flow regularly with
an ADCP for further experiments. & pressure or ultrasonic sensor would also be very useful to monitor
the water level of the supply tank, in order to provide an estimation of the real water inlet.
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