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Abstract. Relevance. Annually, the coastal areas of the Mekong Delta receive approximately 50% of the total sediment load
from the Mekong River, primarily during the southwest monsoon. During the northeast monsoon, this coastal sediment
undergoes reworking and is transported southwestward along the coastal areas of the Mekong delta. Aim. Analyzing the
grain-size distribution of sea-bed surface sediment helps improve our understanding of sediment redistribution along the
coastal areas of the Mekong Delta. Methods. In order to illustrate changes in sea-bed surface sediment grain size between the
two monsoons, we focused on the median grain size, a widely used parameter for sediment transport calculation, and created
spatial maps of median grain size along the coastal areas of the Mekong Delta. The analysis was based on sediment samples
collected along the coastal areas of the Mekong Delta during field excursions in the southwest and northeast seasons. Results.
The results reveal that median grain size during northeast (mainly ranging from 0.005 to 0.01 mm) are larger than those
during southwest (primarily ranging from 0.01 to 0.05 mm). These changes in median grain size and spatial distributions are
most prominent along the east coast, specifically from Soc Trang to Bac Lieu. In contrast, median grain size along the west
side does not exhibit significant differences between the southwest and northeast monsoons. These observations imply a
more significant sediment transport along the east coastal areas of the Mekong Delta during the northeast monsoon and
provide evidence for the transportation of sediment from the east coast to the west coast during the monsoons.
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AnHoTanus. Kaxxb1i rof npu6peXHbIi peruoH e bThl MekoHra noJsydaet 0kosio 50 % oT o61iero o6beMa HaHOCOB U3 PeKU
MeKoHT, KOTOpble B OCHOBHOM KOHLEHTPUPYIOTCS B CE30H I0r0-3ana/IHbIX BeTPoB. Bo BpeMs ce30Ha ceBepO-BOCTOYHBIX MyCCO-
HOB 3THU npn6pe>1<1—1b1e OTJIOXKEHHA MOABEPrarnTCAd 3PO3UH U NMEPEHOCATCA B HOro-3alalHOM HallpaBJIEeHHWH BAOJIb HOGGpE)KbH
AeJbThI MekoHra. AHaau3 pacnpeneseHruda 4aCTUul JOHHBIX OTJIOXKEHHUH 110 pa3MepaM Ha NOBEPXHOCTHU MOPCKOI'o AHA MoMora-
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€T JIy4llle IOHATh Nepepacnpe/ie/ieHHe JOHHBIX OTJIOXKEHUH N0 MPUGPEKHOMY PerHoHy JesbThl MekoHra. YTo6bl TpouJLIIO-
CTPHPOBATb U3MEHEHUs pa3Mepa YacTHL, HAHOCOB Ha NOBEPXHOCTH MOPCKOTO JIHA MEX/y Ce30HaMH 0r0-3alaiHbIX U CeBepo-
BOCTOYHbIX BETPOB, Mbl COCPEJIOTOYM/IMCh HAa aHAJIM3€e CPeIHEro pa3Mepa YaCTHL, HAHOCOB. ITOT apaMeTp LIMPOKO UCIOJb3Y-
eTcs JI pacyeTa NepeHoca HAaHOCOB M COCTaBJIEHUsI KapT pacnpesieJieHUs CpefiHEro pasMepa 4acTHL, HAaHOCOB MO MPUGPex-
HOMY PErvoHy Je/ibTbl MeKoHra. AHa/IM3 OCHOBaH Ha 00pa3liax JOHHBIX OTJIOKEHHUH, COGpaHHBIX BA0Jb NPUGPENHOTO PErruo-
Ha Jie/IbTbl MeKoHra Bo BpeMsl II0JIEBbIX MCCJIEJ0BAaHUI B CE30HBI I0r0-3aMaZiHbIX U CEBEPO-BOCTOYHBIX MyCCOHOB. Pe3yJIbTaThI
MoKa3aJiy, YTO CpeJJHUN pa3Mep YaCTHUL, B CE30H ceBepo-BOCTOYHbIX BeTpoB (0T 0,005 mo 0,01 MM) 6b11 GoJiblile, YeM B CE30H
oro-3anazinbix Betpos (ot 0,01 1o 0,05 Mm). U3MeHeHUs B cpefiHeM pasMepe YacTHUI| M UX IPOCTPAHCTBEHHOM pacnpesie/leHUH
6oJiee BbIPAXKEHBI BJI0JIb BOCTOYHOI0 0Gepexbst, 0co6eHHO oT Cok TpaHra o bakiny. B To »xe BpeMs cpeiHUI pa3Mep 4acTH
BJI0JIb 3amaHOro no6epexbs MPaKTUYECKH He Pa3/InyaeTcs Mex/ly ce30HaMM. TH HabJII0/IeHUs YKa3bIBAIOT Ha 6osiee 3HAYU-
TeJIbHBIM NepeHoC HaHOCOB B/I0JIb BOCTOYHOTO N0GEepexbs BO BpeMs CeBEPO-BOCTOYHOI0 MYCCOHA U NPeOCTaBIAIT JOKa3a-
TeJIbCTBA [IepeHOCa HAHOCOB C BOCTOYHOI0 NoGepesbsl Ha 3aMa/Hoe BO BpeMsI MyCCOHHbBIX CE30HOB.

KiroueBble c/10Ba: npubpexxHble MPOLECChl, CpeHUI pa3Mep 3epeH, AebTa MeKoHra, pa3Mep 3epeH MOPCKOro /Ha, nepe-
HOC HAaHOCOB

BaarogapHocTu: VccienoBanue ¢unaHcupyetcs: HayunsiMm yHuBepcuteToM BHY-XKM B pamkax rpanta Ne T2023-14 no
npoexTy «PacrpezeseHrne pa3MepoB JJOHHBIX OTJIOKEHHUH BJ0JIb MPHUOGPEKHBIX PAaHOHOB JeJbThl MeKOoHra 1oJ| BJUsSHUEM
Ce30HHBIX 0COOEHHOCTel». ABTOPBI BbIPQXKAIOT MCKPEHHIOI 6J1aroflapHOCTb aHOHMMHBIM DelleH3eHTaM 33 HUX IoJle3Hble
KOMMEHTapHH, KOTOpbIe IOMOIJIM HaM YJIyYUIUTb 3TOT IPOEKT.

Jia nurupoBanusa: Hryen Kour TxaHb, Jlanr UsloHr AH. BausitHue MyccoHa Ha pacnpejesieHue 3epHa OTJIOXKeHHUU BI0JIb
MO/IBOJIHOTO NoGepexbs AeabThl MeKkoHra, BbeTHam // M3BecTHss TOMCKOro MOJTMTEXHUYECKOI'O0 YHUBepcUTeTa. MHXUHU-

puHr reopecypcos. - 2024. - T.335. - Ne 11. - C. 104-111. DOI: 10.18799/24131830/2024/11/4529

Introduction

The Mekong Basin is globally recognized as one of
the largest deltas, with an annual sediment discharge of
approximately 160 Mt [1-4]. A significant portion,
accounting for more than 50% of this sediment load, is
transported to the Vietnamese Mekong Delta [2, 4-6].
Presently, coastal areas of the Mekong Delta (CAMD)
are confronted with severe challenges, including
coastal erosion and mangrove degradation [1, 5],
primarily due to the combined effects of climate
change and unsustainable anthropogenic activities
[1,6-10]. These issues primarily stem from rising
relative sea levels and a shortage of sediment supply
from the upper of the Mekong River to the coastal
regions [2, 5]. In recent years, the effects of climate
change combined with unsustainable anthropogenic
activities in the Mekong has led to a concerning
decline in the transport of alluvial sediment from the
upstream to the downstream of the Mekong River
[11-13]. This decline has become particularly
noticeable since the 1990s when hydropower dams
were constructed along the main branches of the
Mekong River [12, 14]. Research conducted by the
authors in [3] estimated a suspended sediment
discharge of only 87.4 Mt/yr at the Kratie cross-
section. This finding indicates a significant reduction
in sediment supply to the downstream areas, including
the coastal regions. Additionally, [15] identified a
downward trend of 5% per year in suspended sediment
from 2003 to 2012, further highlighting the decrease in
sediment reaching the coastal areas.

Numerous studies have highlighted the significant
reduction in sediment supply to the Vietnamese
Mekong Delta, attributing this phenomenon to dams’

location of the Mekong River upstream [12] as well as
sediment mining activities in the Mekong River
downstream [12, 16]. In the study investigating the
effects of climate change and upstream hydropower
dams on the Mekong Delta, [12] reported that during
the flood season period (September—November),
approximately 48 to 60% of sediment discharge from
the Mekong River upstream will flow downstream of
the Vietnamese Mekong Delta. These sediment
budgets typically accumulate along the estuaries of the
CADC during the prevailing stage of the northeast
(NE) monsoon [2, 12]. P. Marchesiello et al. [17]
conducted a study focusing on the impact of
hydrodynamic factors on sediment redistribution. Their
findings revealed that sediment transport primarily
occurs from the eastern to western sides of the CAMD.
These sediment transports play a significant role in
shaping the surficial grain-size distribution (GSD)
between the southwest (SW) and northwest (NW)
seasons. Understanding the relationship between
hydrodynamic factors and sediment transport is crucial
in gaining insights into the GSD of sea-bed surface
sediment (SSS). This knowledge contributes to a better
understanding of erosion and deposition along the
CAMD [1, 9].

Several studies have focused on analyzing the GSD
of surficial sediment along the CAMD, primarily
through the collection of sediment samples during
various field surveys [2, 7, 13]. For example, [7]
conducted field surveys in 2007 and 2008 and used
collected sediment samples to establish distribution
maps of surficial sediment from the Bassac River
estuary in the East Sea to the West Sea. Building upon
the sediment data collected by [8, 13] further analyzed
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the data to establish the GSD maps of SSS across the
CAMD. Additionally, [11] conducted field surveys
between 2014 and 2015, utilizing seismic profiles and
collected sediment samples to investigate the
degradation and aggradation of the seabed along the
CAMD.

However, the aforementioned studies have not
specifically addressed the changes in GSD of the
seabed surface sediment along the CAMD in response
to seasonal variations. The objective of this study,
therefore, is to fill this research gap by mapping the
distribution of median grain size along the CAMD
during the SW and NE seasons.

Materials and methods
Materials

In this study, sediment grab samples were obtained
from multiple locations along the CAMD (Fig. 1). Two
field investigations were conducted, corresponding to
the period of highest discharge from the Mekong River
to the East Sea at the end of the SW monsoon in
October 2016 and the NE monsoon between February
and March 2017. A total of 183 sediment samples were
collected across 49 transects, encompassing a range of
water depths from 1.2 to 25.0 m. The coastal
hydrodynamic processes in the study area are affected
not only by the peak discharge occurring from
September to November but also by seasonal variations
in wind, wave, and water levels due to tidal
fluctuations, which differ between the eastern and
western sides of the Mekong Delta.
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The NE monsoon typically occurs from November
to March, characterized by prevailing wind and wave
directions from the NE or east. On the other hand, the
SW monsoon occurs from May to September, resulting
in wind and wave directions primarily from the SW [2,
7]. During the NE and SW seasons, wave generation
patterns and coastal currents affected by waves exhibit
variations, leading to a reversal of sediment transport
directions between the eastern and western sides of the
CAMD [13, 18]. Nevertheless, when considering the
annual time scale, a larger amount of sediment is
transported from the eastern side to the western side of
the CAMD [13, 17].

Methods

The grain-size data utilized in this study were
obtained from the LMDCZ projects (2018). Sediment
samples were analyzed to determine the median grain
size, classified according to the Vietnam national
standard (TCVN4198:2014) [19] (Table 1). The
examination of median grain size involved initial sieving
to capture particle sizes ranging from very fine sand to
coarser grains. Subsequently, the remaining samples
were placed in settling tubes to measure particle sizes
ranging from silt to clay using hydrometers. The median
grain size values, representing the median grain size in
the sediment samples GSD, were determined. These
median grain size values were then used to generate
spatial distribution maps of median grain size using the
QGIS software.
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Map of the study area and location of collected sediment samples
Kapma pationa uccaedosaHuti u pacnosioxceHue cO6paHHbIX NPO6 0MA0NHCeHUl

106



M3Bectust TOMCKOIo NMOJMTEXHUYECKOT0 YHUBepcuTeTa. MHXKUHUPUHT reopecypcoB. 2024. T. 335. Ne 11. C. 104-111
Txanb H.K., An /I.Y. BrussHue MyccoHa Ha pacnpefie/ieHUe 3epHa OTJ/I0XKEHUH B0JIb MOJBOJHOTO MOGEPEXKbS 1e/bTHI ...

Results and discussion
Spatial distribution of median grain size in the
southwest monsoon

The findings from the analysis of the GSD of SSS
representing the SW and NE monsoons are visually
presented in Fig. 2, 3, and Table 2. Table 2 provides
frequency distribution of median grain size values
which are categorized into three areas: Area | (river
mouths), Area Il (along the east coast of the Mekong
Delta towards Cape of Ca Mau), and Area Ill (west
coast of the Mekong Delta) in SW and NE monsoons.
The results pointed out that, out of the 183 samples
analyzed, only two contained gravels, indicating a
predominance of fine grains in the SSS along the
subaqueous Mekong Delta.

During the SW monsoon in October 2016, the size
range of 0.005 to 0.250 mm exhibited notable
variations across different areas, as illustrated in Fig. 2
and detailed in Table 2. The | area (river mouths)
displayed a higher frequency distribution of fine grains
(0.10-0.25 mm), reaching up to 38.8%. In contrast, the
Il area (eastern side of the Mekong Delta) and the Il
area (western side of the Mekong Delta) had frequency
distributions of approximately 5.7 and 4.5%,
respectively (Table 2). These findings confirm the
presence of sediment particles throughout the study

area, with fine grains (0.10-0.25 mm) being the
dominant particle type.

Table 1. Sediment types classified following the TCVN

4198:2014

Ta6auya 1. Tunsl omuaoxceHull, Kaaccu@uyuposaHHvle 8
coomeemcmeuu ¢ TCVN 4198:2014

Sediment type Grain size (mm)
Tun ocagka Pa3mep 3epHa (MM)
coarse 25.4-20.0
KpyIHOe 3epHO
C em:é?:: HO 20.0-10.0
Gravel/rpaBuit 2eR i P
ine 10.0-5.0
MeJIKO€ 3epHO
very fine 5.0-2.0
04YeHb MeJIKOe 3epHO
coarse 2.0-0.5
KpyIHOEe 3epHO
C em:t?:;? HO 0.5-0.25
Sand/mecok pea fine P
0.25-0.1
MeJIKO€ 3epHO
very fine 0.10-0.05
04YeHb MeJIKOe 3epHO
coarse
Silt/un KpyIIHO€e 3epHO 0.05-0.01
fine 0.01-0.005
Clay/raivHa MeJIKOe 3epHO <0.005
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Fig. 2. Map of spatial distribution of median grain size ranges in SW season
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Table 2. Frequency distribution of median grain size

values analyzed across the CAMD
Ta6auya 2. YacmomHoe pacnpedeseHue cpedHUX 3HAYEHUU
pasmepa 3epHa, npoaHaau3upo8aHHsvix no CAMD

Spatial distribution of median grain size
in the northeast monsoon

Similar findings were obtained from the analysis of
the GSD of the SSS during the NE monsoon

Frequency distribution (%) (February—March 2017). The results demonstrated that
_ Yacrornoe pacnpesenenve (%) fine grains, ranging in size from 0.005 to 0.25 mm,
Sizerange | Southwestmonsoon | Northeast monsoon dominated the sediment composition. Notably, Area |
(mm) [Oro-sanagHb1i CeBepo-BOCTOYHBIN - . 2 .
Jlnanason MyccoH Myccon exhibited a substantial frequency distribution
pasmepoB _ _ — _ . = percentage of up to 52.2%, indicating a prevalence of
(vn) g 5 s g = s fine grains. In the river mouths (Area 1), it is observed
< | < z < | < = that the median grain size values of fine grains are
05-2.0 00 | 00 | 00 | 00 | 19 0.0 pr.imarily concentrated near the mouths of t_he Mekong
0.25-0.5 0.0 | 00 | 00 [ 00 [ 00 1.6 River branch along the coast from Tien Giang to Tra
0.1-0.25 388 | 5.7 45 | 522 | 96 6.3 Vinh, as well as in the vicinity of the Bassac river
0-05‘0-15 1341 19 | 91 | 104 | 96 | 47 mouth. Conversely, in the offshore areas of this region,
0.01-0.0 209 | 37.7 | 76 | 17.9 | 462 | 203 ; A ;
000500l 222 e28 Tmod1 T179 308 T 301 the me_dlan grain  size valugs of coarser grains
<0.005 45 | 19 | 197 | 15 | 19 | 281 predominantly fall within the size ranges of 0.1-0.25
and 0.05-0.10 mm (Table 2, Fig. 3).
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Fig. 3. Map of spatial distribution of grain size ranges in NE season
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In the Bassac river mouth region (Area 1) and along the
coast of Soc Trang (Area Il), the median grain size values
primarily consist of coarse silt grains (0.01-0.05 mm). On
the other hand, along the coast of Bac Lieu and Ca
Mau in Area Il, the median grain size values are
predominantly within the size range of 0.01-0.05 to
0.005-0.01 mm. Conversely, Area Il and Area Il
accounted for approximately 9.6 and 6.3%,
respectively (Table 2). Moreover, the NE monsoon
analysis revealed that only 2 out of the 183 collected
samples contained medium grain sizes within the range
(0.25-0.5 mm) and coarse grain sizes (0.5-2.0 mm),
with a relatively low frequency distribution of 1.9 and
1.6% respectively (Table 2). The transition from the
SW to the NE season maybe resulted in notable
changes in the grain composition, particularly in Area |
and Area Il. These changes pointed out a shift towards
coarser grain components, suggesting the removal of
fine grains during the NE season. It is possible that
these fine grains were transported to the western side
of the CAMD (Area Ill), where the composition of
very fine grains exhibited a noticeable increase during
the NE season (Fig. 3).

The spatial distribution observed during the SW
season implies that the deposition of fine-sized grains,
possibly  delivered from the Mekong River,
predominantly occurs near the mouths of the Mekong
River branches. Specifically, significant deposition is
observed in the Bassac river mouth and along the Soc
Trang coast, indicating that the finest-sized grains are
primarily transported through the Bassac river branch. In
general, the median grain size values of SSS in Area Il
vary from 0.01-0.05 to 0.005-0.01 mm. In Area llI,
along the west coast of the CAMD, the grain size ranges
between 0.005-0.01 mm (Table 2), and near the
shoreline, the grain size is even smaller than 0.005 mm.
Offshore locations and the northern part of the CAMD,
specifically the Kien Giang coast, exhibit concentrated
median grain size values ranging from 0.05-0.1 to
0.1-0.25 mm. During the NE season, there are significant
changes in the median grain size values compared to the
spatial distribution observed during the SW monsoon.
These changes indicate a shift towards coarser size grains,
particularly in Area | and Area Il (Table 2).

Discussions

The GSD map of SSS for the SW season (Fig. 2)
shows that size range of fine grain types (0.005-0.25 mm)
are predominant near the mouths of the Mekong Delta
Coastal (Area I) and along the eastern coast of the
Mekong Delta Coastal (Area Il). These size ranges of
fine grain types are possibly delivered to these areas
from the Mekong River Basin, which have been
reported in [2]. The GSD map for the NE season
(Fig. 3) also revealed a large variation in grain size
range along Area | and Area Il.

The change of GSD of SSS between the SW and
NE seasons strongly proven the changing trend in grain
distribution from very nine grains to coarser size grains
in the estuary areas (Area I, Fig. 2) and in the coastal
areas from Soc Trang to Ca Mau (Area Il) (Fig. 3).
These changes imply that the seasonal sediment
transport during NE monsoon obviously happens
during only one season. Finer-grain on SSS can easily
transport southwest-west through Ca Mau Cape
towards the western side of the Mekong Delta only in
the active period of the NE monsoon.

The GSD map of SSS along the CAMD in SW and
NE seasons demonstrates sediment transport along the
coast. These results give evidence to support modelled
results of [17]. The GSD map in the SW season shows
a similar pattern to those maps designed by [13, 20].

The GSD map showed coarser size grain are
forwarded in the eastern side of the Mekong Delta
(along the river mouths and the eastern coast from Soc
Trang to Ca Mau). These changes imply finer size
grains are transported occurring NE season and present
over the Ca Mau Cape to the western side of the
Mekong Delta where the grain size ranges varying
from 0.005-0.01 mm (Fig. 2, 3).

The findings of GSD are conducted through this
work for SW and NE seasons, which presents a picture
of strongly variation in sediment grain size along the
CAMD during the timing of the changing season as
well as the impacts of hydrodynamics factors (wave,
current and tidal). These GSD maps are one of the best
supportive  pictures demonstrating the  spatial
distribution of sediment along the CAMD and how
sediment grains can be redistributed under the impacts
of hydrodynamics factors. Overall, the sediment
delivery from the east coast to the west coast is not
significantly detected from the changes in median grain
size values between the SW and NE seasons. These
confirm that sediment grains transport from the east
coast to the west coast might be limited in the tip of Ca
Mau and therefore, it is possibly limited sediment grain
delivery to the further northern part of the west coast of
the Mekong Delta during the NE season.

Conclusions

We investigated the seasonal changes in the grain-
size distribution of sea-bed surface sediment along the
subaqueous Mekong Delta, Vietnam. Our analysis
focused on the median grain size to gain insights into
sediment redistribution along the Mekong Delta
Coastal during the southwest and northeast monsoons.
By examining median grain size and creating spatial
maps of median grain size along the Mekong Delta
Coastal, significant variations in the median grain size
of sea-bed surface sediment between the two monsoons
were observed.
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The findings indicate that the median grain size values
in the northeast monsoon were generally larger compared
to those during the southwest monsoon. This suggests that
sediment transport is more prominent along the eastern
part of the Mekong Delta during the northeast monsoon,
indicating the transportation of sediment from the east
coast to the west coast during the monsoons. The
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