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Abstract

The Lower Mekong Delta in Vietnam experiences widespread flooding an-
nually. About 17 million people live in the Delta with agriculture as the major
economic activity. The suspended sediment load in the Mekong River plays an
important role in carrying contaminants and nutrients to the delta and
changing the geomorphology of the delta river system. In recent decades, it is
generally perceived that the flow and sediment transport in the Mekong River
have changed due to climate change and development activities, but observed
sediment data are lacking. Moreover, after natural floodplains, the sediment
deposition has replaced by dense river systems as resulting in floodplain
compartments protected by embankments. This study is aimed to investigate
impacts of changing water flow on erosion/deposition in the Lower Mekong
Delta. We used Mike 11 hydrodynamic model and sediment transport model
for simulating the flow and sediment transport. Various scenarios were simu-
lated based on anticipated upstream discharges. Our findings provide the pos-
itive and negative impacts to the changes in sediment transport on agriculture
cultivation in the Lower Mekong Delta.
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1. Introduction

The Mekong River with the length of about 4800 km and drainage area of about
975,000 km® flows through six countries: China, Myanmar, Thailand, Laos,
Cambodia and Vietnam. The Lower Mekong Delta (LMD) with the area of about
39,000 km? belongs to the Vietnamese territory from the downstream of Phnom

Penh. The river splits into two main tributaries, the Tien River and the Hau Riv-
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er. These two main rivers germinate into a dense river network on the flat low-
lying and fertile delta of southern Vietnam before draining into the Southeast
Sea from Vung Tau to Camau cape, Ngoc et al [1].

The climate of the Lower Mekong River is tropical monsoon and regulated by
two seasons, Ze. wet season from May to October and dry season from Novem-
ber to April. According to data statistic for 85 years from 1924 to 2008, MRC [2],
the annual precipitation in the Lower Mekong River is significantly different
between the east and west tributaries (1800 - 2500 mm/year), and the mean an-
nual discharge of the Lower Mekong River is almost 460 km® (15,000 m?/s).
Around 75% of the annual discharge occurs in the wet season from July and
October, resulting in a large variation in discharge throughout the year with the
maximum discharge over 60,000 m’/s in the wet season and the minimum of
2000 m’/s in the dry season, Letrung et al. [3].

The sediment load of the Mekong River is about 160 x 106 tons per year, Mil-
liman and Farnsworth [4], Wild et al [5], which plays a critical role in carrying
contaminants, bacteria, nutrients, pesticides, etc., Cenci et al [6], Hung et al. [7].
They are also known as fertile sources for agricultural cultivations a sustainable
agro-ecosystem in the LMD. However, little is known about the dynamics of the
suspended sediment, including spatial and temporal variation of erosion/depo-
sition and transport in the complex channel network of the LMD, Ngoc et al. [1],
Hung et al [8]. A number of recent studies provided some information on sedi-
ment deposition and erosion indicated major factors that influence sediment
transport in the LMD, Wolanski ef al [9] [10], Tamura ef al. [11], Mikhailov and
Arakelyants [12], Hung et al [7] [8] [13], Ngoc et al [1], Thanh Letrung et al
[3] and Manh et al [14] [15].

Increasing number of hydropower dams have been built in the Mekong rivers
in recent decades. Cascade hydropower dams were constructed in the Langcang
basin in China with the total water storage capability of about 40 billion m’. Sev-
eral studies, Lu and Siew [16], Liu and He [17], and Liu et al [18], showed that
these dams reduced the sediment delivery from the Lancang River to down-
stream Mekong. Some studies reported that, total suspended sediment (TSS)
discharge from the Chiang Saen branch reduced from mean annual 75 million
m’ (during the period of 1962-1992) to 35 million m® (during the period of
1993-2003). Similarly, in the Khong Chaim branch, reduced from 180 million m’
(1962-1992) to 100 million m?® (1993-2003) and in Pakse reduced from 160 mil-
lion m’ (1962-1992) to 120 million m* (1993-2003), MRCS/WUP-FIN [19], Le-
trung T. et al [3].

A large number of sedimentation studies were conducted and published,
Steiger et al. [20], [21], Middelkoop [22], Baborowksi et a/. [23], Hung et al. [7]
[8] [13], Manh et al [14] [15], Ngoc et al [1], Habersack et al [24], however,
these studies focused on other aspects such as reservoir sedimentation, urban
retention pond, reservoir influence or suspended sediment mobilization and
transport in small mountainous catchments.

Therefore, this study aims to investigate the impacts of changes in water flow
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on sediment transport in the LMD in Vietnam under different dam development
scenarios. The Mike 11 hydrodynamic model and sediment transport model are
used for simulating the flow and sediment transport. Firstly, the hydrodynamic
(HD) model including the rainfall runoff NAM model are applied for simulating
the changes of water flow and water level in the complex river network system.
Then, the sediment transport (ST) model is used to compute spatial variation of
sediment erosion and deposition in the river/channel network of the LMD. The
results of this study could be a valuable contribution in understanding of con-

struction and operation of hydropower dams and impacts of changing upstream

discharges on sediment movement.

2. Data Setting and Methods

2.1. Study Area

Within the LMD our study area is located in the Dong Thap Muoi (DTM) (see
in Figure 1), which is also called the Plain of Reeds. The DTM has an area of
7081 km” and is shared between three provinces: Long An, Tien Giang and Dong
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Figure 1. Lower Mekong River and location of hydrological stations.

824

K2
035 Scientific Research Publishing

o



T. A. Ngoc

Thap. Approximately 70% of the total area is used for agriculture, while DTM
accounts for 36.7% of the LMD. In its upstream section, the Tien River carries
about 80% of the total discharge of the Mekong River. In addition, a significant
flood discharge transfers along Cambodia border into DTM via horizontal can-
als causing serious flood inundation and affects to agricultural cultivation and
human activities. To strengthen the stability and economic development in
DTM, the governmental authority has been investing huge budget for improving
irrigation and drainage systems in order to control water sources at compart-
ments by low dikes for crops and high dikes for flood protection. The man-made
channel and dike systems have greatly altered the natural hydrodynamic condi-
tions in the Vietnamese part of the delta. In combination with the extensive de-
velopment of dike systems in the last decades, especially after the devastating
flood in 2000, the floodplains are increasingly cut off from the natural inunda-
tion regime. With characteristics of particular DTM, the channel density of 11.6
m/ha is comparable to the average density of the Delta. About 67% of the dikes
in the study area are low dikes, with average crest levels of about 2.5 m, and 33%

are high dikes for flood protection, with average crest levels of about 4.5 m.

2.2.Data Used

Hourly discharge and water level data from all the available hydrological stations
located in the LMD were used (Table 1) for calibration and validation of Mike
11 hydrodynamic and sediment transport models. The simulation period was
chosen from July to December, which covers the entire flooding season (Au-
gust-October). Rainfall data (daily time series) from 13 stations were used for
the NAM hydrological model which was integrated with the Mike 11 model to
take into account the runoff generated within the LMD. The Thiessen polygon
method was use to obtain sub-catchment rainfallfrom the 13 stations rainfall
(Figure 4). At the upstream boundary at Kratie (Figure 1), the suspended sedi-
ment data are unavailable. Hence, we derived the sediment discharge boundary
condition at Kratie using the relationship between water discharge and sus-
pended sediment concentration (Equation (1) & Equation (2)).

-4.52

+288 (1

(-494.02 log(Qfrate ))

SSCtKratie =10

where, SSC/™™* is suspended sediment concentration [mg-L™'] at time t at Kra-
tie, Q<™ is water discharge [m®s™'] at time #at Kratie.

The sediment discharge is calculated by using the following equation:

SSDtKratie = 2.65x% 1073 SSCtKralie x QtKralie (2)

where, SSD™ is sediment discharge [m*s™'] at time #at Kratie.

The hydrodynamic model was calibrated and validated with the observed dis-
charge and water level data from the year 2000 and 2002. The year 2000 can be
considered as a big flooding year and the 2002 as a normal flooding year.. The
sediment transport model was calibrated validated using the data of sediment

discharge data from 2002. These data were collected from Thuyloi University,
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Figure 2. Study area and location of sediment mobile stations.

Vietnam (former Water Resources University). The locations of the data stations

are shown in the Figure 1 and Figure 2.

2.3.Mike 11 Model

Mike 11 model, developed by DHI, is a modeling system for simulating water
flow, water quality and sediment transport in estuaries, rivers, irrigation chan-
nels and other water bodies, DHI [25] [26]. It comprises of a number of mod-
ules, such as Hydrodynamic (HD), Rainfall Runoff (RR), Advection Dispersion
(AD), Water Quality (ECOLab), Sediment Transport (ST) etc. We used the HD
module with its fully hydrodynamic method based on Saint-Venant equations
for the river flow. The RR and ST modules will be discussed separately below.
The MLD is a very complicated network of rivers and channels. All rivers and
channels in the LMD and Dongnai-Saigon river system are represented in the
model with 4110 branches and reaches with a total length of 24,200 km and
39,780 cross sections. Three types of river structures are represented, which are
19 free overflow weirs (broad-crested), 14 culverts (rectangular section) and
2429 underflow control structures (see in Figure 3). The control structures are
treated as automatic with upstream/downstream water level control. To prevent
the flow of sea (saline) water into the paddy fields, the control gates will be
closed if the water level in the rivers due to tidal effects is higher than the up-
stream water level in the paddy fields.

The model consists of 22 upstream inflow boundaries (discharge time series),
58 downstream water level boundaries and 22 sediment inflow upstream boun-
daries, and rainfall-runoff links to 1682 sub-basins. The upstream model domain

was extended up to Kratie (downstream of the Cambodia border) and Tonlesap
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Figure 3. Modeled river network in Mike 11.

Lake. The Manning’s roughness values were set by calibration. In most river sec-
tions a value of 0.028 was use and in channel reaches the values varied from
0.025 to 0.1.

2.4. Mike 11 NAM Model

The NAM isa conceptual RR model, Havng et al [27], Nielsen et al. [28]. It can
be integrated with the Mike 11 HD model for computing discharge time series
input to the HD model that is generated within the model domain. The model
domain can be divided into a number of units or subbasins. NAM treats each
subbasin as a lumped unit with 10 main parameters that need to be calibrated.
There are 1682 subbasins in our model (Figure 4). For the calibration purpose
they were grouped into two types: those in the delta area and those in the up-
stream of the deltas. The parameters we used are established in earlier studies by
Ngoc et al. [29] [30].
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Figure 4. Sub-catchments links in Mike 11 NAM model.

2.5.Mike 11 ST Model

The ST model used in Mike 11 is based on Van Rijn model in which the sedi-
ment load is divided into bed load and suspended load according to the relative
magnitudes of bed shear velocity and particle fall velocity, Van Rijn [31]. When
the bed shear velocity exceeds the fall veloctiy, sediment is transported as both
suspended sediment and bed load. The sediment properties specified in the
model are presented Table 1, which are based on a number of previous studies,
Hung et al. [8], Manh et al [15], Ngoc et al. [1].

Most suspended sediment in the LMD is fine-grained, Hung et al [7].
MRC/DMS [2] pointed out a d;, = 3 - 8 um in the Tonle Sap River. Sediment
analysis from 11 trap sites over large area of the LMD found that grain size of
deposited sediment are uniformly distributed with a dispersed grain size distri-
bution of 41% clay (grain size < 2 um) and 51% silt (grain size 2 - 63 um), Manh
et al. [14]. Hung et al [7], reported that the average flock size determined for
floodplains of the DTM is dy, = 35 pm, which dominates the sediment deposi-
tionover 12 trap sites measured on floodplain of the DTM. They also indicated
that range of dispersed and flocculated grain sizes is dg, = 2.5 - 80 um, which

828
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Table 1. Sediment transport parameter set.

No. Item Value Description
1 Relative density 2.65 Specific gravity
2 Kinematic viscosity 1.5 x107° m?%/s
3 Global grain diameter 35 pm
4 Grain diameter in border of Cambodia 10 - 35 pm
5 Grain diameter in Tien River 40 - 65 um
6 Grain diameter in DTM 10 - 40 pum

Table 2. Upstream development in irrigation and hydropower dams.

Total reservoir

Total water Irrigated
capability (10° m®)

Anticipted Scenarios Description demand area

6 1q3
(10°m’) (1000 ha) Lower Mekong China

Baseline in 2002 BL 1620 7422 6185 -
Low dam development LDD 3109 8316 12,443 10,300
Xayaburi dam development XDD 3109 8316 13,743 10,300
High dam development HDD 4194 11,349 26,778 22,700

were extensively usedto evaluate a calibration range of W, =1 x 107 - 7 x 107

m-s~', where W, is the free settling velocity based on the Stoke’s law.

2.6. Proposed Modeling Scenarios

We base our analysis on a baseline scenario and three future scenarios (Table 2).
Year 2002 is considered as the baseline scenario and the future scenarios are
based on different levels of dam development in the region. Three levels of dam
development are considered, namely low development (LDD), low development
plus the Xayaburi dam (XDD) and high development (HDD). The HDD scena-
rio includes all the dams considered in the LDD, the Xayaburi and some addi-
tional dams. The reservoir storage capacity of the LDD scenario in the Lower
Mekong is almost double of the BL scenario. With addition of the under con-
struction highly controversial Xayaburi, the storage capacity in the lower Me-
kong will be added by about 10% of the LDD scenario, but it is not estimated to
increase the water demand and irrigation area. The HDD scenario almost
doubles the storage capacity in the Lower Mekong as well as in the Upper Me-
kong in China from that of the XDD scenario.

3. Results
3.1. Model Verification

To evaluate the performance of Mike 11 model, the coefficients of Nash-Sutcliffe

(E,), Root Mean Square (R*) and Root Mean Square Error (RMSE) were used to

express the model's ability to simulate hydrodynamics and sediment transport.
The hydrodynamic model (HD) simulated the period July 1* to December 30™
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Table 3. Coefficients of Nash-sutcliffe, R> and RMSE between observed and simulated
water levels.

No. Station Nash-sutcliffe (E,) R? RMSE
1 Tanchau 1.000 1.000 0.002
2 Chaudoc 0.997 0.997 0.038
3 Vamnao 0.975 0.984 0.088
4 Longxuyen 0.933 0.937 0.112
5 Chomoi 0.966 0.967 0.103
6 Caolanh 0.926 0.930 0.133
7 Xuanto 0.978 0.985 0.130
8 Kienbinh 0.911 0.927 0.224
9 Tanhiep 0.940 0.970 0.144
10 Mythuan 0.912 0.933 0.131
11 Mytho 0.938 0.957 0.170
12 Cantho 0.914 0.953 0.138
13 Daingai 0.950 0.958 0.166
14 Tanan 0.918 0.929 0.191

2000 with a time step of 10 minutes and output was stored hourly. Observed
water levels at 14 hydrological stations during the year 2000 were used for model
verification. (locations of data collection sites are shown in Figure 1).

The modelled and observed water level comparison (Table 3 and Figure 5)
indicate that the model achieves a greater precision at hydrological stationlo-
cated along the main branches of the Lower Mekong River (Hau and Tien Riv-
ers) than at those located in the secondary canals. This is probably because the
complex of river network system, as well as many flood control structures along
the main river branches will invariably have a significant effect on the hydrody-
namics in the secondary canals. However, the model shows very good agreement
with data at most stations with R* values close to unity Nash-sutcliffe coefficients
(E,) higher than 0.91. This provides sufficient confidence in the ability of the
model to simulate river hydrodynamics.

Next, the model was verified for sediment transport using data obtained in
September 2002 using 10 mobile stations (see Figure 2 for locations). The mod-
el/data comparisons are shown in Table 4 and Figure 6.

In general, there is good agreement between the modelled and measured se-
diment fluxes. The error statistics show that model/dta comparisons are very
good upstream of the LMD (Tanchau and Vamnao stations) and at the Cambo-
dia border (K28 (P2), K79 (P3), Hongngu (P1), Binhthanh (P4) canals)). In ad-
dition, the R? values are much higher than E, values indicating that the model
reproduces the trend in observations better than the magnitudes. It should,
however, be taken into account that the accuracy of sediment transport mea-

surements is relatively low (compared for e.g. to water level measurements) and
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Figure 5. Calibration of observed and simulated water level for 14 stations in 2000.

Table 4. Coefficients of Nash-sutcliffe, R* and RMSE between observed and modelled daily sedi-
ment discharges.

No. Station  Point (Ep) R® RMSE No. Station Point (E,) R®* RMSE

1 Tanchau 0.634 0.842 1.369 6  Binhthanh P4 0.703 0.898 0.011

2 Vamnao 0.575 0.734 0.541 7 Anlong P5 0.561 0.904 0.040

3 Hongngu P1 0.604 0928 0.050 8 Kienbinh P6  0.764 0.928 0.050

4 K28 P2 0.595 0.741 0.010 9 Anphong P7  0.392 0.735 0.005

5 K79 P3 0.642 0909 0.006 10 Phongmy P8  0.290 0.818 0.032
831
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Figure 6. Observed and simulated sediment discharge in 2002.

therefore, the achieved model/data comparisons provide sufficient confidence in

the model to proceed with scenario modelling described.

3.2. Results

Changes in sediment transport based on upstream dam development scena-
rios

The increase in water demand for irrigation and water storage in reservoirs
will dramatically change the hydrological regime of the main tributaries of the
Mekong River, and thus affect the sediment delivery from upstream of the LMD.

Figure 7 shows the flood discharge and sediment discharge at Tanchau sta-
tion. The sediment discharge for a baseline scenario is higher than all of the de-
velopment scenarios, confirming that upstream development will result in a sig-
nificant reduction in sediment delivery to the downstream of the LMD.

Figure 8 shows the total sediment discharge transports via Tien River and
Cambodia border to the DTM floodplains affected by upstream development of
hydropower dams. The results show that during the 2002 flood season, that se-
diment would have been brought into the DTM through overbank flow over

floodplains at the Cambodia border. As expected, increased water storage in hy-
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Figure 7. Flood discharge and sediment discharge at Tanchau based on hydropower dam
development scenarios.
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Figure 8. Total sediment discharge delivery to DTM via Tien River and Cambodia border
based on hydropower dam development scenarios: (a) Total sediment discharge delivery
to DTM via Tien River; (b) Total sediment discharge delivery to DTM via Cambodia
border.

dropower reservoirs (as LDD and HDD) leads to a reduction in the r total sedi-
ment transport to the LMD (see Figure 8(b)).

The effect of further developing hydropower reservoirs on sediment transport
into the DTM floodplains via Tien River and Cambodia border is illustrated in
Figure 9 and Figure 10. Along the Cambodia border, the associated decreases in
sediment transport into the DTM floodplains varies from Tanchau to West-
Vamco River. The sharpest drop (about 50% of the baseline transport) is at P3
(K79) closer to West-Vamco River (Figure 9). Sediment discharge also decreases
by abot 50% at P2 (K28), and, to a lesser degree, at P4 (Binhthanh) closer to
Tanchau station.

Similarly, Figure 10 shows that the sediment supply to the DTM from the
Tien River would also be reduced by further development of hydropower reser-
voirs. In general, therefore, it can be concluded that the further development of
reservoirs in the upper Mekong will inevitably reduce sediment delivery to the
LMD as well asthe DTM floodplains. However, at the end of flooding season
(from November to December), the sediment discharge was slightly increased
for all stations. This is an answer for regulation/operation of hydropower dams
at the upstream, flooding discharge is partially stored in wet season and released
in dry season for electricity generation.

The above results also show that the reduction in sediment supply to the DTM
will be practically the same for LDD, HDD and XDD scenarios, with the reduc-
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Figure 9. Total sediment discharge delivery to DTM via Cambodia border based on scenarios of hydropower dam development:
(a) Total sediment discharge delivery to DTM via Binhthanh; (b) Total sediment discharge delivery to DTM via K79; (c) Total
sediment discharge delivery to DTM via K28.
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Figure 10. Total sediment discharge delivery to DTM via Tien River based on scenarios of hydropower dam development: (a)
Total sediment discharge delivery to DTM via Hongngu; (b) Total sediment discharge delivery to DTM via Anlong; (c) Total se-
diment discharge delivery to DTM via Anphong.

Table 5. Cumulative sediment distribution in the DTM floodplains based on upstream
dam development scenarios.

Zone BL
Tanchau 62.78
% DTM/Tanchau 3.41%
DTM 2.14
-Along Tien River 1.23
% of DTM 57.66%
-Along border 0.91
% of DTM 42.34%

LDD XDD HDD
57.72 58.56 57.03
3.05% 3.06% 3.04%
1.76 1.79 1.73
1.07 1.09 1.06
61.00% 60.50% 61.45%
0.69 0.71 0.67
39.00% 39.50% 38.55%

tion associated with the former being slightly smaller than the others.

Sediment distribution in DTM floodplains

Table 5 shows the changes in cumulative sediment at Tanchau station and

DTM floodplains where they are affected by low/high dam development condi-

tions at the upstream of the LMD in comparison to the baseline scenario.

The total sediment transport at Tanchau station is decreased from 62.78 to

52.57 million m’ depending on anticipated scenarios. The development at the

upstream will lead to the increase in water demand and completed hydropower

dams in the upstream of the Mekong Basin, total sediment transport is strongly
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declined to 57.03 million m* under HDD scenario. The total sediment transport
is also decreased for the cases of LDD and XDD by 57.72 and 58.56 million m?,
respectively. Accordingly, the total sediment transport rate, which is delivered to
the DTM floodplains, is also reduced significantly from 2.14 million m’ (DTM/
Tanchau 3.41%) under the baseline scenario to 1.73 million m® (3.04%), 1.76
million m’ (3.05%) and 1.79 million m’ (3.06%) under HDD, LDD and XDD
scenarios, respectively. Hence, high development with increasing water demand
and water storage is a key factor to restrict volume of sediment delivered to the
LMD floodplains of Vietnam.

Sediment delivery to the DTM floodplains is originated from 2 main sources,
Le. along the Tien River and overflow from the border of Cambodia floodplains.
The amount of sediment delivered to the DTM via along the Tien River is about
1.23 million m?® (57.66% of total sediment in the DTM) and via the border of
Cambodia is about 0.91 million m’ (42.34% of total sediment in the DTM). The
upstream development has dramatically been affected the amount of sediment
delivery as well as the proportion of main sediment sources to the DTM. The
above impacts is presented through the fluctuation in total sediment transport at
Tanchau station, main canals connecting to the Tien River and over the border
of Cambodia floodplains. The achieved results pointed out that total sediment
delivery to the DTM floodplains went down drastically when comparing devel-
opment scenarios of hydropower dam with baseline (in Table 5). The propor-
tion of transported sediment to the DTM floodplains via Tien River and the
border of Cambodia showed a little change, Ze. the total transported sediment
via along the Tien River to the DTM floodplains is raised from 57.66% to 61.45%
in HDD, 61.00% in LDD and 60.50% in XDD. This may indicate that the devel-
opment of hydropower dams and irrigation areas at the upstream of the LMD
tend to decrease the total transported sediment not only from Tanchau to the
LMD floodplains but also via the border of Cambodia to the DTM floodplains.

To clearly have a virtual vision about spatial sediment distribution in the
DTM floodplains, the simulated cumulative sediment results in the 1-D hydro-
dynamics model are interpolated by using Kriging methods in ArcGIS to make
maps of annual deposition rate based on the anticipated scenarios.

Figure 11 shows maps of the annual deposition rate for the simulated flood
events based on baseline and development scenarios of hydropower dams. In the
big flood of baseline 2002, the inundated area in DTM floodplains was much
larger, while the sediment deposition rate was higher. A higher amount of sedi-
ment deposition delivered from the Tien River bring sediment into secondary
canals and deposited in central DTM floodplains which far away from the Tien
River about 40 - 60 km, with a high deposition rate in a range of 3 - 40 kg-m~*/
wet season. Sediment delivery from the overland flood flow at the border of
Cambodia obtained a high sediment concentration which also cumulated in the
upstream of DTM floodplains and faraway from the Cambodia border about 30
- 50 km, with the deposition rate of 6 - 40 kg-m~*/wet season (see Figure 11(a)).
However, some areas located near the Tien River and the Cambodia border,
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Figure 11. Maps of sediment distribution in the DTM floodplains: (a) Baseline; (b) HDD; (c) LDD; (d)
XDD.
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Figure 12. Deviation maps of sediment distribution in the DTM floodplains between de-

velopment scenarios and baseline: (a) HDD-Baseline; (b) LDD-Baseline; (¢) XDD-
Baseline.

sediment was not deposited as it may be because of the flood flow was enormous
and the flow velocity was much higher than the settling velocity of sediment. As
a result, most sediment contained in flood flow was placed faraway from DTM
and accumulated in places where confluence of overflow from Cambodia and
flood discharge from the Tien River.

The spatial variability of sediment deposition rate presents in Figures
11(b)-(d) showed the images of sediment distribution in DTM floodplains un-
der the impacts of development scenarios from the upstream of LMD. Figure 12
spatially depicts the deviation of sediment deposition in DTM floodplains as
compared to scenarios of developing construction in hydropower dams and ir-
rigation area.

At the main gates along the Tien River, transported sediment to DTM (as

Hongngu (P1), Anlong (P5), Phongmy (P8)) decreased (the same as other sedi-
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ment stations) (see Figure 2). In addition, the reduction in transported sediment
occurred inside the DTM floodplains, while its amount is also dependent on the
distance from the upstream of the main river to secondary canals (see Figure
12).

The achieved results indicated that, by upstream development of hydropower
dams, the deposition rate was significantly declined in inundated areas located
near the Cambodia border (about 3 - 6 kg-m™/wet season) and the central DTM
floodplains (about 1 - 3 kg-m>/wet season). The effect of decrease in sediment
deposition was higher in HDD and smaller in LDD and XDD scenarios. Figure
12(a) presents the changes in deposition rate as a result of HDD scenario in
comparison to baseline, and Figure 12(b) and Figure 12(c) show the deviation
in deposition rate of LDD and XDD scenarios in comparison to baseline.

The results basically represented effects of development in ascending water
storage capability on sedimentation in the DTM floodplains. These above-
mentioned maps and tables depicted that sediment delivery from overflow at the
border was much. Sediment delivery via the border of Cambodia to DTM flood-
plains is slightly inclined in high dam development (HDD) at the upstream of
the Mekong River. In addition, it has almost no change in sediment transport at
the Cambodia border under low and Xayaburi dam development (LDD and
XDD) scenarios. Furthermore, the sediment delivery from the upstream along
the Tien River was significantly affected by various scenarios of upstream dam

development, but it has less influence to the overflow in Cambodia floodplains.

4. Conclusions

Sedimentation on floodplains in the Lower Mekong Delta is very important, but
knowledge about sediment transport is limited. Based on the collection of his-
torical sediment observation in DTM, this study improves the understanding of
quantitative sediment deposition processes on floodplains under the impacts
various dam developments at the upstream of the Mekong Basin.

According to the findings of this research, the simulated model evaluated the
quantity of sediment deposition in spatial DTM floodplains from Kratie and
overflow from the border of Cambodia. In general, higher deposition rate was
occurred in closer distances to the two main sediment sources, ie. along the
Tien River and the border of Cambodia floodplains. The high sediment deposi-
tion was also found in central DTM floodplains where confluence of discharge
from the Tien River and the overflow from the Cambodia border.

The deposition rate may decrease by the distance from the Mekong River and
the secondary channels, while the source of the floodplain sediments also de-
crease by the distance to the main river. Deposition rate in the study area is quite
high as compared to the other regions, and it is expected that the deposition rate
will change when the hydrological conditions changed.

Besides that, the development in the upstream is one of the major factors
leading a decrease in sediment discharge as well as sediment deposition in the

downstream. To be specific, once the upstream of the Mekong Basin develops
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under the high/low development scenarios, deposition processes will signifi-
cantly reduce in floodplains located close to the Cambodia border and the center
of DTM.

Based on the present results, it may be helpful to contribute more details in
understanding the sediment transport in LMD floodplains. In addition, it can be
argued that natural or man-made actions that change floodplain inundation,
e.g., the complete compartments or construction of dams along the upstream of
the Mekong River may change the sediment delivery and also spatial sediment

deposition in DTM floodplains.
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