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Abstract: Riverbank erosion in th&¥ekong Delta, particularly along the Tien and Hau
rivers and some primary and secondary tributaries, is undergoing highly complex and
unpredictable changes, resulting in significant damage to the affected dleas.
phenomenon of riverbank erosion here is caused by multiple factors, including intensified
human activities such as sand mining, infrastructure development, and climate éhange.
recent years, the increasing activities of upstream Mekong River projects have led to a
reduction in sediment depdsih in the delta, which is considered one of the significant
contributing factors to the increasing incidence of riverbank ero$tas.paper willapply

and build atwo-dimensionalopensourcemodel TELEMAC) to simulate in detail the
sediment transport process during thgear period from 2017 to 2019 on the upstream
section of the Tien and Hau rivers in An Giang province to evaluate and assess the sediment
imbalance during this period and identify trends werbed erosion and depositioks a
result,in 3 years, théotal silt deficiton the TierRiver section is36.6x10° m3, on the Hau

River is-2.7x1P m3. At the same time, the erosion depth deepeneabpyoximatéy 0.25-

0.75 m (especially up to .D m). This indicates an imbalance sediment deposition and
erosion, with a consistent trend of riverbed, banks, and shore erosion.
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1. Introdu ction

The Mekong Delta is the downstream of the Mekadwgr basin with an area ¢£0.9
thousand km?This place has a dense rivestwork,and its tributaries are quite compldx.
the upstream of the Mekong River (Tan Chalien River) and (Chau DocHau River),
where the two riverélow into the delta, thie width is about 60m to 300m and gradually
widens to about -3 km in downstreamAn Giang province is one of the two upstream
provinces of the MekonDeltareceiving water from the Tien and Hau rivers from Cambodia.
This provincehas a dense system of rivers and canals: Tien River, Hau River, Vam Nao
River, Binh Di River, Chau Doc River along with large canals such as Xang Tan An Canal,
Ong Chuong Canal, Xep Na@y... are the streams main and impotwatercoursg These
main rivers and canals are experiencing changes in their riverbeds, causing complex erosion
and riverbank landslides, causing the loss of dozens of hectares of land each year, causing
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major consequences for life aptbperty in the economiareasand residential areas along

the river.In recent years, under the increasing adverse impacts of flow regimes as well as
human activitiesriverbank erosion has become more and more complicated and more
frequent. This will be even more serious in the fuhgeausef climate change impacts from
upstream developmenthe riverbank in An Giang province has quite strong and complex
erosion. Among the 65 communes along the Tien and Hau rivers@atg province, there

are currently 33 riverbank erosion areas (14 areas along the Tien river and 19 areas along the
Hau river).Along bothsides of the Tien and Hau rivers, there are distvittsre landslides

occur frequently: An Phu, Phu Tan, Tan Chau, Cho Moi, Chau Phu, etc. Therefore, research,
evaluation, and simulation eind and mud developments anerbankerosion here receive

great attention and concern.

Research on the process of sedimentation and river bed erosion has been carried out and
researched for a long time. Scientists around the world have focused resedirgttions
such asriver morphologyriver dynamicsmodeling in the laboratory combined with field
measurement® determine the causes, mechanisms, and changes in the cBaseel.on
these solutionswere proposetb prevent and mitigate damages caused by baogi@n and
channel sedimentatigni 7]. However, simulating bank erosion is still a challengingplem
becausehe flow of water and sediment through channels changes continuously over time,
and the diversity of bank materials in naturkis limits the accuracy of humerical models,
which are often calibrated and applied to specifically simulate idealized natural river systems
[8]. Furthermore, when integrated with the digital elevation model (DEM coarse or fine
resolution of this model also greathffects the accuracy of the modéi. addition, the
computatiortime and financial cost to perform the simulation are also very large, especially
for large river basins with complex terralfor example, for braided river sections, such as
the Mekong River, the complexity of the problem is still a big challenge for scientists. It is
difficult to selectan appropriatapproactor all case$9].

Around the world, research has achieved progress in studying sediment transport and
sand mining on rivers and has solved many complex practical problems s@aicagate
the sediment balance in the basin to determine sand reserves along the river and each mining
location, using mathematical models and statistical methods; Solve economic problems
combined with river dynamics problems, to determine the optimabiapbn plan that
brings high economic efficiency with little impact on the environment atidecovery after
exploitation period; Combining social issues and harmonizing the rights of subjects in the
community are also addresdéedi 15], etc.

In Vietnam, riverbank erosion has recently been occurring nationwide, becoming
increasingly complicated, directly affecting the lives and property of the people, the State,
and prevention ancbntrol works Thestudy[16] has proposed a modelpoedict the process
of erosion- sand and gravel deposition for coastal strips and estuaries at medporal
scale (seasonal and annug@hoposel scientific and technicadolutions to prevent erosion
and sedimentation and protect estuary coastal structlinesstudy{17] has identified the
causes anthechanismsf evolution(accretion, erosion, displacement) of estuaries along the
Central Coast, and proposed solutions to adapt and stabilize estuaries such as Tu Hien river
estuary (Thua ThienHue), My A river estuary (Quang Ngai), Da Rang river estuary (Phu
Yen) for socieeconomic development and safety for fishermen and boats to avoid.storms
The study[ 18] researched the rules of estuary evolution and evaluated the ability to escape
floods under different evolution scenarios, taking into account sediment transporv/i the
GiaThu Bonriver estuary The study[19] has improved HOSOD& 3D model for
calculating local erosion in the groin area, which was only applied to the case of bottom mud
and urlooded sand, now taking into account the movement of sudpe sand and
submerged groynesApplying physical models to experiment with continuous curves,
formulas and chartaere built to calculate the effectiveness of accretion techniques after
circulation reversal worksThe study[2(] has identified the causes and mechanisms of
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formation, movement and sedintation of the Lai Giang estuarjnh Dinh province and
proposed solutions to correct and prevent estuary sedimentation and stabilize flood drainage
Another research on forecasting sedimentation and erosion of the Dorgalgbn river
channel under thefluenceof the flood protection system downstreanj21].

For the Mekong Delta, studig€2i 25] have researched erosion and sedimentation
forecasts and prevention solutions on the river system in the Mekong Delta: Determine the
location, scale, and speedroferbankerosion and identify key erosion areas for the entire
Tien and Hau rivers using remote sensing and GIS metl@@aasntify causes, erosion
mechanisms and factors affecting erosion for the Mekong River in focus @tleasstudies
[9, 261 3(] have done irdepth research on the causes and mechanisms of landslides in typical
study areas on the Tien and Hau rivers and oriesdkdions to predicativerbankerosion in
the Mekong DeltaThe study[31] used Landsat satellite images on the Google Earth Engine
platform to study bank erosion of all major rivers in the Mekong Delta for the period 1989 to
2014 The study[37] built a riverbank erosion prediction model based on {pgHormance
computing technology using GPUs combined with implementation based on empirical
models and applications for some river sections of the Mekong. Dakastudy[ 33] applied
TELEMAC-3D model to simulate flow and sediment transport at the confluence area of
Hauriver and the/am Nao river The study{28] combinedthe TELEMAC-2D and MIKE
21FM models to analyze the causes affecting the level of riverbank erBs&iomte sensing
imaging technology was used to analyze and determine the extamrbankerosion in the
Tien River[34]. Thus,in addition to traditional methods such as: using empirical formulas,
physical models, and actual surveys, there are also methods using numerical models, GIS,
remote sensing imagestc. Nowadays,there existmany methodgshat leveraganachine
learning and artificial intelligence to evaluate the riverbed erosiom@gmechdation

Regarding the application of hydrodynamic and sand sediment simutatidals in
river basins, it shows:-2- or 3-D models have been established, calibrated and tested in
previous studies as well as within the framework of projects at all levete the usefulness
of these tool$9, 151 22, 26i 27]. However, it is seen that the moddIffer in terms of usage
conditions, input data requirements for the model, level of compleadtyputationspeed
and accuracyCertainly, no model can be called the best because each model has different
advantages and disadvantages. The most important thing is to theagghtmodel. The
main factors affecting model selection includg:ifjput and output data of the mod@i)
applicability, (iii) usefs purpose (iv) computer hardware responsivene@g software
purchase costsand (i) updateability.If considering the six factors to choose the model
above, TELEMAC is a very suitable model in this evaluation study, especially suitable for
individuals or organizations that do not have the financial abiline TELEMAC model
system has been developed by the National Labgrafddydraulics and Environment under
the national center for Hydraulic research of Electricity France (EDF) sinceT®87s one
of the leading river morphology hydrodynamic models in the world that can respond to
forecasting the morphological change process for estuaries and coastal Tdreas.
TELEMAC model has been applied in many studies around the y&iil@8]. However, the
biggest disadvantage 3EELEMAC is that it is difficult to use and requires users to have
certain knowledge of hydrodynamics and programming sKillis study applies the
TELEMAC model tosimulate andanalysethe levelof riverbed erosion by identifying the
lack of sediment and sand in the flow.

2. Materials and methodology
2.1. Methodology

a)Hydrodynamic modg[TELEMAC-2D): TheTELEMAC-2D model solves the depth
averaged runoff equation based on the-tlvoensional SainVenant equatiof35].
The process of performing the simulatimodelis shown in Figure 1
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Figure 1. Generafflowchart of studyusingTELEMAC model
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whereh is the depth (m); u,v are thevelocity in x and y directiongm/s), g is the
gravitational acceleratiofm/s’); v,, v, are thenomentum diffusion coefficient and substance
diffusion coefficient respectivelyZ is thewater levem); Siis thespecific dischargém/s),
Sy, S are theexternal forces acting on @it mass projected in the x and y horizontal
directions(m/s).

b) Morphodynamic model SISYPH&hdMixed sediment

Sediment transport equatiofx and y directions¥or vertically averaged suspended
sediment concentratidd = C(x,y,t)is describecs
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The kis constantk = 1- sand k =2 - mud grains)

whereh = Zs- Zs & s ZZwetis thedepth, assuming the thickness of the bottom mud and
sand layer is very thjrJ is the average velocity in thedirection V is average velocity in
they directions E is anerosion unit D: accretion unit(E 1 D) is the amount of sediment
stored Ceq Is the concentration of sediment in near the bott@wgr is the sediment
concentration close to the bottom

Theverticalsedimentoncentratiorprofile is describedby Rousés formula

c(d)=c, &N a G g W (6)
“¢ z a-h= ku.

where# =FxC



