Appendix :

1. Material and methods: Data processing

1.1.Field measurements

We conducted the field surveys in one of the main branches of the Mekong estuary during both the
high flow and low flow hydrological seasons.

For each vertical profile, we obtained SSC (in g/L), Particle Size Distribution (PSD in um) and
calibration of turbidity probes by water sampling. 1 litre of water was collected at the surface, at the
bottom of the river, and at 5 metres below the water surface (when water depth was exceeding 7m).
The sampling depth was controlled with a pressure sensor, before pumping water with a peristaltic
pump (Teledyne ISCO Portable Water Sampler). In total, 243 samples were collected at various

depths and times (see Table A1l).

Location  Type of Instrument Start date End date Number
parameter
1,12, . 10/12/2015 12/12/2015 169
Fl | ADCP
T3 ow, velocity ¢ 10/03/2016 13/03/2016 181
113 Temp, depth, Hydrolab  10/12/2015 11/12/2015 37
! salinitiy, turbidity probe 10/03/2016 13/03/2016 72
10/12/2015 11/12/2015 74
T, T W | Bottl
/13 ater sample ottles 10/03/2016 13/03/2016 169

Table. Al. Numbers of water samples taken and list of the physical quantities measured during field

campaigns.

1.2. Measure of Suspended Sediment Concentration (SSC)

We measured suspended sediment concentration (SSC) on all samples collected in the field and in
the laboratory. Samples were filtered by using pre-weighed microfiber filter papers. After filtration,
the filters were dried for 2 h at 105 °C and weighed with a high precision balance (precision +0.1 mg).
In the case of very high SSC exceeding 5.0 g/L, a known volume of sample was dried during 24 h at 60
°C and the residue was weighed. The SSC-turbidity calibration curve was robust for both field and

laboratory measurements, with a coefficient of determination R2 higher than 0.98 (see, Fig. A2).
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Fig. Al. Variation of suspended sediment concentration (SSC) with turbidity for field and laboratory

measurements.

1.3. Measure of particle size distribution (PSD) and floc diameter D

Particle size distribution (PSD) in the water column is a key parameter to understand the sediment
dynamics. We use the terminology as in Lee et al. (2014). It discriminates individual primary particles
of about one micron from flocculi of a few microns, micro-flocs of some tens of microns, and macro-
flocs of hundreds of microns. We determined the particle size distribution with a LISST Portable XR
instrument from Sequoia ©. The principle of operation is based on laser diffraction. This instrument
provides a semi-log distribution of the volumetric concentration of particles over a 44 bands
spectrum from 0.4 to 460 um. Each spectrum was then sub-divided into independent semi-log sub-
populations using a method developed by Launay (2014). This post-processing technique revealed to
be useful to prevent misinterpretation resulting from bubbles and or other artefacts that can be
observed on the raw spectrum. Each validated sub-population was characterized by its mean particle
size Df, its standard deviation oDf and its relative volumetric concentration. For each sample
presented in this study a first measurement was done after sampling and a second measurement
was performed after two minutes of sonication. The comparison of the PSDs obtained before and
after sonication enables a differentiation into the proportion of sand and of flocs, i.e. large particles

built by smaller cohesive particles (silt or clay), which are destroyed by the sonication.

1.4. Measure of the particles settling velocity and of the flocculation by differential settling

The SCAF settling tube (System for the Characterization of Agregates and Flocs) is an optical settling
column, equipped with a vertical array of sixteen optical sensors (Gratiot et al., 2015). In the SCAF

instrument, some detailed characteristics of floc settling velocities are deduced from the decrease of



turbidity over time (Mercier et al., 2016; Wendling et al., 2015). Measurements taken in the upper
part of the SCAF settling tube during the first minutes provided an estimation of flocs settling velocity
under quiescent conditions ws,q (step 2a), while measures realized near the bottom of the settling
tube after several tens of minutes provided an estimation of flocs settling velocity by differential

settling under settling dominated conditions ws,# (step 2b).

1.5. Measure of the turbulent dissipation parameter G

Part of the laboratory experiments presented bellow were conducted in a JAR tank, under controlled
turbulent conditions.

An Acoustic Doppler Velocity Profiler (Nortek Vectrino2) was immersed in the fluid in order to
measure the 3D turbulent field of velocity and deduce the mean turbulent energy dissipation rate G.

The mean turbulent energy dissipation rate G is calculated as:

G=\E=\/j:f (Eq. A1)

withv = 107 (m? s™) the kinematic viscosity of water

u (m s-1) : the time averaged turbulent velocity fluctuations,

[ (m) : the integral length scale estimated from the cross-covariance of the velocities along the
profile.

It is important to note that using the whole velocity profile enables the estimation of the integral
length scale [, while u is extracted at the one-third of the profile where the measurement is known
to be the most reliable (see e.g. Koca et al., 2017). The dissipation rate of turbulent kinetic energy &

is also estimated from the inertial subrange of the power spectrum, leading to similar results.

As shown in Fig. A3, measurements fitted well with the theoretical law previously established by

Logan (1999) and reported by Keyvani and Strom (2014):

1/2

_ (0.87 bapApS3RE
G - ( VVT ) (Eq. AZ)
with
bdp =04 )

Ap = 7.6 X 0.7 X 10™* m2 : the cross sectional area of the paddle,
S (round per minutes) : the impeller rotation speed

R, = 0.5 x 7.6 x 1072 m: the impeller radius

Vr =115 x 11.5 X 15 X 107% m3: the volume of fluid in the tank
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Fig. A2. Variation of the mean turbulent energy dissipation rate G (in s-1) with impeller speed (rpm)

under clear water conditions.

1.6. Design of the laboratory experiment

On March 13th 2016, we sampled 5 litres of fluid mud near the bottom of transect T3 in order to
carry out further analysis in the laboratory. The salinity of the sample used for lab experiments was
17. Laboratory investigations were undertaken in the Ho Chi Minh University of Technology, in the
Asiatic Center for Water Research (CARE). Before performing the experiments, the fluid mud was
stored in a dark and hermetic tank at 6°C during 24 hours.

The design of the experimental set-up was based on the conceptual diagram of Dyer (1989)
reproduced in Figure A3. This diagram establishes a relationship between the mean turbulent energy
dissipation rate G (in s™), the suspended sediment concentration (SSC in g/L) and the mean floc
diameter D (in um). As depicted in this figure, the mean floc size of a population (blue curve surface
in Fig. A1) results from a dynamic equilibrium between floc breakage by collision or internal shearing
(Gratiot and Manning, 2004; Kranenburg, 1994) and flocculation. In Dyer’s diagram (1989), D; can
vary over more than one order of magnitude for different concentrations and levels of turbulence.
For high turbulence levels above 20-50 s, Dyer’s diagram predicts a predominance of floc breakage,
so that the size of aggregated particles does not exceed a few microns. Optimal conditions of
flocculation are expected to occur under quiescent conditions or gentle turbulence (a few s™*) and for

suspended sediment concentration as high as SSC=10 g/L.
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Fig. A3. Experimental procedures superimposed on the conceptual diagram of Dyer (1989).

Experiments are first conducted in a jar tank under turbulent dominated conditions (step 1) and

secondly in SCAF (System for the Characterisation of Aggregates and Flocs; Gratiot et al., 2015)

system under settling dominated conditions (step 2a and 2b).

The laboratory investigations consisted of two steps aiming at characterising turbulence, quiescent

and settling dominated conditions. The strategy was to cover a wide range of situations in Dyer’s

diagram with a reasonable number of runs. In total, 21 experiment runs were performed for SSC

values covering a wide range, from free settling regime (SSC=0.02 g/L, no interactions between

particles during their settling) to hindered regime (SSC=99.0 g/L, strong interactions between

particles which hinder their settling). A complete description of all measurements is reported in the

appendix (table Al).

Sample Type of conditions, step in | Measured Instrument Mean SSC (g - L)
n° parenthesis parameter (£5%)

1a Turbulent (1) Df LISST 96.5 constant

1b Quiescent (2a) Wsq SCAF 96.5 toward 0

1c Settling (2b) W« SCAF 96.5 toward 0

2a Turbulent (1) Df LISST 28.6 constant

2b Quiescent (2a) Wsq SCAF 28.6 toward O

2c Settling (2b) W« SCAF 28.6 toward O

3a Turbulent (1) Df LISST 24.1 constant

3b Quiescent (2a) Wsq SCAF 24.1 toward O




3c Settling (2b) W, SCAF 24.1 toward 0
43 Turbulent (1) Df LISST 22.3 constant
4b Quiescent (2a) Ws g SCAF 22.3toward 0
4c Settling (2b) W« SCAF 22.3toward 0
5a Turbulent (1) Df LISST 18.1 constant
5b Quiescent (2a) Ws g SCAF 18.1 toward O
5c Settling (2b) W« SCAF 18.1 toward O
6a Turbulent (1) Df LISST 15.4 constant
6b Quiescent (2a) Ws g SCAF 15.4 toward O
6¢ Settling (2b) W« SCAF 15.4 toward O
7a Turbulent (1) Df LISST 13.4 constant
7b Quiescent (2a) Ws g SCAF 13.4 toward O
7c Settling (2b) W« SCAF 13.4 toward O
8a Turbulent (1) Df LISST 8.9 constant
8b Quiescent (2a) Ws g SCAF 8.9 toward 0
8c Settling (2b) W SCAF 8.9 toward 0
9a Turbulent (1) Df LISST 6.9 constant
9b Quiescent (2a) Ws g SCAF 6.9 toward 0
9c Settling (2b) W SCAF 6.9 toward 0
10a Turbulent (1) Df LISST 6.2 constant
10b Quiescent (2a) Ws g SCAF 6.2 toward 0
10c Settling (2b) W SCAF 6.2 toward 0
11a Turbulent (1) Df LISST 6.2 constant
11b Quiescent (2a) Ws g SCAF 6.2 toward 0
1lc Settling (2b) Wi« SCAF 6.2 toward 0
12a Turbulent (1) Df LISST 4.3 constant
12b Quiescent (2a) Ws g SCAF 4.3 toward 0
12c Settling (2b) Wi« SCAF 4.3 toward 0
13a Turbulent (1) Df LISST 4.3 constant
13b Quiescent (2a) Ws g SCAF 4.3 toward 0
13c Settling (2b) W « SCAF 4.3 toward 0
14a Turbulent (2) Df LISST 3.8 constant
14b Quiescent (2a) Ws g SCAF 3.8 toward 0
14c Settling (2b) W« SCAF 3.8 toward 0
15a Turbulent (2) Df LISST 2.7 constant
15b Quiescent (2a) Ws g SCAF 2.7 toward 0
15c Settling (2b) W« SCAF 2.7 toward 0
16a Turbulent (2) Df LISST 2.0 constant
16b Quiescent (2a) Ws g SCAF 2.0 toward 0
16c Settling (2b) W« SCAF 2.0 toward 0
17a Turbulent (2) Df LISST 2.0 constant
17b Quiescent (2a) Ws g SCAF 2.0 toward O
17c Settling (2b) W« SCAF 2.0 toward O
18a Turbulent (2) Df LISST 1.1 constant
18b Quiescent (2a) Wsq SCAF 1.1 toward O
18c Settling (2b) W« SCAF 1.1 toward O
19a Turbulent (1) Df LISST 0.89 constant
19b Quiescent (2a) Ws g SCAF 0.89 toward 0
19c Settling (2b) W SCAF 0.89 toward 0
20a Turbulent (1) Df LISST 0.21 constant




20b Quiescent (2a) WSt SCAF 0.21 toward O
20c Settling (2b) WSp, W, SCAF 0.21 toward O
21a Turbulent (1) Df LISST 0.019 constant
21b Quiescent (2a) Ws g SCAF 0.019 decreasing
21c Settling (2b) W« SCAF 0.019 decreasing

Table A2. Description of the physical conditions of the experiments conducted in the laboratory. For
all runs, salinity was equal to 17. w,4 and w;, correspond to settling velocity under “quiescent” and
“settling” dominated conditions. The reader can refer to Wendling et al. (2015) for further details.

Step 1: PSD under turbulent condtions.

For each run, a volume of 2 litres of water sediment mixture was introduced into the rectangular
base mixing jar tank (11.5 x 11.5 x 15 cm) and mixed with an impeller for thirty minutes.
Experimental conditions promoting flocculation were obtained with the rotation of the impeller at
100 rpm, which corresponded to a mean turbulent energy dissipation parameter G of 44 s™.

A few mL of water sediment mixtures was then gently extracted from the mixing tank and put into
sampling chamber housing the LISST XR portable instrument (Sequoia©) to measure the Particle Size

Distribution (PSD). The time gap between sampling and measurements was of nearly 5 seconds.

Step 2: settling velocity under quiescent conditions and flocculation by differential settlign.

After measurements were taken under turbulent conditions, 160 mL of fluid-sediment mixture was
pumped from the jar tank and placed in the SCAF settling tube to characterize flocculation under
guiescent and settling conditions.

Measurements taken in the upper part of the SCAF settling tube during the first minutes provided an
estimation of flocs settling velocity under quiescent conditions ws,q (step 2a), while measures
realized near the bottom of the settling tube after several tens of minutes provided an estimation of
flocs settling velocity by differential settling under settling dominated conditions ws,# (step 2b). The
estimation of ws,q and ws,# was deduced following the methodology developed by Wendling et al.
(2015) (Table A2). It is based on the local slopes of iso-turbidity lines near settling tube surface (ws,q)

and near settling tube bottom (ws,#).

2. Results (additional information to main text)
2.1.Influence of SSC on floc dynamics under turbulent dominated conditions

Typical PSDs measured in the experiments under turbulent conditions for low (SSC~20 mg/L), high
(SSC~800 mg/L) and very high (S5C~2,000 mg/L) concentrations are shown in Figure A4 and illustrate
the impact of increasing concentration on flocculation: at low concentration, the PSD exhibits a

unimodal distribution (on a logarithmic scale) with a population of particles between 1.0 to 100 um




and a median of 9.6 (1) um. In contrast to this, the method of Launay (2014) identified a bimodal
distribution of the PSDs at high concentration (on a logarithmic scale). The finest population displays
a similar distribution to that observed at low concentration with particles between 1 to 100 um and a
median of 12 (+2) um. A second population develops for particles coarser than 100 um. This second
population has a median of 211 (+30) um. The population of small particles predominates and
corresponds to 90% of the total volume of particles (Fig. Adb). At very high concentration, the PSD
obtained is broadly similar to that obtained at high concentration (Fig. Adc). The fine population has
a median of 10.1 um, while the median of the second population is 151 (+25) um. As for the high
concentration, the volumetric concentration of the small population also dominates (84% of the total
volume).

Figures Ade and A4f show the PSD of the same samples after two minutes of sonication. The time
gap between the end of sonication and measurements is about 5 seconds. The sonication broke the
flocs, revealing the PSD of the elementary particles. In both cases, the larger particles disappeared,
indicating the breakup of the large flocs. By replacing the original large flocs, three populations of
particles are identified: one that was in the range of the first population before sonication, one
smaller, and one slightly larger than this central population. Similar results were obtained for all

laboratory samples with high SSC.
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Fig. A4. Particle Size Distributions (PSD) of particles sampled during the jar tank experiment for low,
high and very high SSC. These PSDs were obtained before sonication (4a, 4b, 4c) and after sonication
(3e, 3f). Due to instrumental limitation, no data was acquired after sonication with LISST system for

very low SSC (at 20 mg/L). Red, blue and green curves correspond to the identified sub-populations.



2.2.Influence of SSC on floc dynamics under quiescent and settling dominated conditions

Sedimentation, in SCAF settling column, for low (SSC ~ 20 mg L™), high (SSC ~ 800 mg L™) and very
high (SSC ~ 2,000 mg L™) concentrations is reported in Figure A5. These graphs show the decrease of
turbidity in the settling column over time and space. Complete sedimentation required about four
hours for the run performed at low concentration (Fig. A5a) and less than one hour for runs
conducted at high and very high concentrations (Fig. A5b and A5c).

In Figure A5, w,, is about 1.1 10 m/s for a SSC value of ~ 19 mg/L . It increases by an order of
magnitude to 1.0 10 m/s for high concentrations (SSC ~ 800 mg- L), and shows an additional 40%
increase for very high concentrations (SSC ~ 2000 mg/L for which w,,=1.4 10™ m s™). The settling
velocity w, . measured near bottom reaches values of 4.0 10° ms™, 2.510* m s and 1.0 10° m s™,
for the same SSC values of ~19, ~800 and ~2000 mg/L (i.e. a respective 3.6, 2.5 and 7.1 fold increase
of the settling velocity caused by the flocculation by differential settling). As a preliminary conclusion,
results presented in Figure A5 show that with increasing SSC, the settling velocity also increased as a

result of flocculation.
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Fig. A5. Variation of SSC with time during the settling of particles measured by the SCAF instrument

for low, high and very high SSC conditions.

Figure A6 compiles results from all experiments conducted under quiescent (ws,q) and settling (ws,
#) conditions. The experimental curves of ws,q (SSC) and ws, # (SSC) are well described by a semi
empirical law of the form (Hwang and Mehta, 1989):

Wy free SSC< G

wg = sscn (1)
sy Cy < SSC < Cyey

where
Ws free (M/s): free settling velocity

a: velocity scale coefficient



n: flocculation settling exponent

b: hindered settling coefficient

m: hindered settling exponent and

Cy , Cger = zone concentration limits between free regime and flocculation regime, and hindered
regime and consolidation regime, respectively.

The parameterization of a,n, b, m, and C; was done by trial and error; fitting parameters are
reported in Table A3. In our case, the gelling concentration (i.e. concentration beyond which a loose
soil structure develops) was not reached (beyond 99.0 g/L). It typically appears when particles are

deposited in the bed and start compacting.

Settling conditions Wy free a n b m C;  Cye
(m/s) [-] (1 (g/L) [1 (8/L) (g/L)

Wsq 1.310° 0.0045 1.25 6 1.05 02 ?

W . 3.510° 0.0025 1.7 2 1.2 02 °?

Table. A3. Fitted parameters for the application of Eq. 1
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Fig. A6) Variation of the settling velocity of particles with suspended sediment concentration for a)
laboratory conditions. Squares and circles correspond to settling velocity under quiescent and
settling conditions, respectively. Grey lines correspond to interpolated settling laws according to

Hwang and Mehta (1989).

2.3.Intercomparision of sediment fluxes with other estuarine and coastal zones in the world

In the main paper, we discuss the relative behavior of sediments from the Mekong delta, in
comparison with other systems in the world. Table A4 provides the list of estuarine and coastal

systems reported in the literature, that we used for this intercomparison.



Site number and author(s) Location and years of sampling Country Instrument
1/2 Puls et al. (1988) River Elbe 1985-1986 Germany Braystoke tube
3/4 Puls et al. (1988) River Weser 1985 Germany Braystoke tube

5/6/7 Barton et al. (1991)
8/9/10 Edelvang and Larsen (1995)
11 Andersen (1999)

12 Burt (1986)

13 Pejrup (1988)

14 Jones and Jago (1996)

15 Pejrup and Edelvang (1996)
16/17/18 Dyer et al. (1996)

19 Thorn (1981)

20 Ross (1988)

21 Sottolichio et al., (2011)

22 Gratiot and Anthony (2016)

23 present study

River Tamar

1986-1987-1988

Ho Bay 1989-1990

Rgmg Bay 1997

River Thames 1969-1983

Ho Bay and Rgmg Bay 1983-1984
River Elbe 1993

River Elbe 1993
Severn Estuary

Tampa bay

Gironde estuary 2007
Kaw river mouth, 2001

Song Hau river mouth, 2015-2016

United Kingdom
Danish Wadden Sea
Danish Wadden Sea
England

Danish Wadden Sea

Germany

Germany

UK

USA

France

French Guiana

Vietnam

Owen tube
Braystoke tube
Braystoke tube
Owen tube
Braystoke tube
QUISSET tube
Braystoke tube

Owen tube

Settling column, by SSC sampling

Bergen Nautik Sedimeter

Settling column, Bergen Nautik Sedimeter

SCAF settling tube

Table A4. Sites and references for flocculation and settling velocity comparisons.
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