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ABSTRACT:

The rapid global population growth leads to considerable rising
consumption of natural resources such as air, water, and land. The demand
for land has increased in the last two decades, both inland and seaside.
Land reclamation along with the coastline has been preferred as a solution
for modern urban development, such as three land reclamation projects in
Rach-Gia Bay, the Vietnamese Mekong Delta. The synthetic urban facilities
could cause changes in coastal geomorphology, which rare studies have
been conducted. This study aims to evaluate the effects of land reclamation
on changes in coastal geomorphology in Rach-Gia Bay, Vietnam. Firstly, we
construct an overall finite element (FE) model of Thailand gulf to search for
optimal parameters by comparing numerical data with the experimental
ones. Secondly, a FE model of Rach-Gia Bay is conducted for two stages
with and without artificial structure to simulate tide, wave influence, and
sediment transportation. Lastly, analyzing flow characteristics suggested
changes in coastal geomorphology surrounding the projects. The result
reveals that the accretion appeared around the construction sites, and the
sedimentation has changed significantly at some locations around the
concrete structures.
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TOM TAT:

St gia tang dan sd toan cAu dan dén mic tigu thy tai nguyén thién nhién
tang dang ke bao goim, khang khi. nudc va dat dai. Nhu cdu vé dat dai ngay
cang tang trong hai thap ky gén day cé trong dat lién va ven bign. Viec céi
tao dét doc theo bir bién dugc va chung nhu mét gi&i phép cho nhu céu
phét trién dd thi hien dai, chéng han nhu ba du &n cai tao dat & Vinh Rach
Gig, Bang bing sang Ciru Long Vigt Nam. Céc cang trinh dd thi nhan tao
cd thé gay ra nhig thay ddi vé dia mao ven bién, diéu ma rét it nghién
ciu dé cap dén. Nghién ciu nay nham danh gia anh huang cia viee cai
tan dat den sur thay ddi dia mao ven bign vinh Rach Gig, Viet Nam. Dau tien,
ching tai xay dyng ma hinh phén tir hitu han (FE) tdng thé cia vinh Théi
Lan dé xac dinh cac tham sd tdi vu bing cach so sanh di ligu tir ma hinh
st vari dit liéu thuc nghiém. Thir hai, mat ma hinh cia vinh Rach Gia duge
xay dung vai hai giai doan ca va khiing cd cang trinh nhan tao dé ma phang
thily triéu, anh hwéng cia sdng va van chuyén bun cat. Cudi cng, cac
phan tich vé dic diém dang chay cho thay nhing thay ddi vé dia mao ven
bién xung quanh céc du &n. K&t qua cho thay bai tu xust hign xung quanh
cAc v tri xay dung va si lang dong da bi thay ddi dang ke tai mat sd vi tri
xung quanh céc ket cau bé tang.

Tir khda: Cai tao dat; phat trien cong trinh da thi; thay ddi dia mao ving
bién; cht lugng nuac ven bign,



1.INTRODUCTION

Coastal areas offer advantageous conditions, such as residential
areas, sea tourists, or natural eco-parks [1]. Previous research has
stressed the crucial role of the coastal area on economic prosperity,
social prosperity, and human communities [1, 2]. Moreover, it is
estimated that approximately 40% of the global population lives in
coastal areas [3]. It leads to coastal reclamation using the
embanking-filling of wetlands and building barriers, seawalls, and
dikes along with the seashore. Various coastal countries such as the
USA, Japan, China, Mexico, Singapore, and Vietnam have conducted
seashore reclamation not only for urban development but also for
agriculture, industrial use, or recreation [4-6].

The rapid development of the coastal economy and accelerated
coastal population growth could yield a sharp increase in land
reclamation. It causes negative environmental effects [7] (e.g.,
marine resources or coastal water quality), increasing losses of
coastal wetlands, and a greater risk of impending natural
catastrophes related to extreme events (e.g., the 2011 Great East
Japan Earthquake). However, the negative impact of coastal
development is not seriously considered. A framework of the master
management plan is not consistently provided [8].

In the Southern part of Vietnam, Rach-Gia city is considered as
the administrative, economic, and cultural center and an important
traffic hub of Kien-Giang province. With the rapid development of
urban areas, urban expansion is considered an inevitable trend. The
land encroachment projects are expected not only to satisfy a need
of the local population but also to enable the promotion of tourism
development. The 1% phase of the encroachment project was the
Phu-Cuong reclamation project (30 ha) initiated in the 2000s. The
project has been proving the socio-economical values. After that, the
2" phase (approximately 128.6ha) of land reclamation (Phu-Gia,
Hoang-Gia, Phu Qui projects) has replenished to offer complex
residential areas, including tourism, department store, and
standardized residential areas. The projects could have effects on the
natural marine environment, especially on the coastal morphology
not only in the construction area but also in the surrounding areas.
However, the effects of land reclamation, especially on coastal
geomorphology, have not been seriously studied so far [6, 9].

In this paper, we used the combined method to evaluate the
effects of land reclamation on changes in coastal geomorphology in
Rach-Gia Bay, Vietham. To achieve the objective, the following
approach is implemented. Firstly, an overall finite element model of
Thailand gulf (meshing grip of 1x1 km) is constructed to search for
optimal parameters by comparing numerical data with the
experimental ones. Secondly, a numerical model of Rach-Gia Bay
(meshing grip of 0.2x0.2 km) is conducted for two stages with and
without artificial structure to simulate tide, wave influence, and
sediment transportation. Lastly, flow characteristics are analyzed to
demonstrate changes in coastal geomorphology surrounding the
projects.

2. NUMERICAL MODEL FOR ANALYZING CHANGES IN
COASTAL GEOMORPHOLOGY DUE TO LAND RECLAMATION

2.1. Field measurement of water elevation and current speed
for numerical model calibration

Due to the lack of measured data on waves, both hourly and
long-term periods measurement in the Rach-Gia Bay area (see Fig. 1),
the authors built a model of the Gulf of Thailand (approximately
meshing grid 1x1 km). The purpose is to obtain a standard set of
model parameters that can be applied to the project area and other
simulation scenarios. The advantages of the general model can be

listed as diverse boundary conditions, offshore water level data
extracted from the global tidal model provided by DHI (Danish
Hydraulic Institute), and offshore wave data from Wave-watch lll
data published by NOAA. In addition, hydrographic monitoring at
Phu-Quoc and Tho Chu stations can provide a reliable data source
for model calibration and verification in the general model. After the
model is calibrated with a suitable error (through the NASH
coefficient), the model parameters (e.g. roughness coefficient,
manning, turbulence conditions) are used for models of Rach-Gia
Bay.

The observation of water elevation and the current was carried
out at the project area by the Nortek Acoustic Doppler Current
Profiler® (ADCP) using the Doppler effect of sound waves scattered
back from particles within the water column [10-12]. An in-situ wave
measurement was carried out using the Acoustic Wave and Current
Profiler® (AWAC) by Nortek, Norway. A total of 171 water samples
were taken at 57 points using the 5-L horizontal sampler (Wildco®,
USA). As shown in Fig. 2, a water level was measured in 2010 for 14
days on May 06- May 20, as seen in Fig. 2a and another for 5 days on
Nov 1- Nov 6, as seen in Fig. 2b). The water level changes daily among
the measured days.

Moreover, water samples were obtained to further laboratory
analysis of the particle size distribution and total suspended solid.
Table 1 shows the collected data used for a numerical model of
Thailand gulf.

MIKE 21 software, a numerical model by DHI, was applied in
order to assess the potential impacts of the artificial structure on the
natural condition of current and sediment transportation. The
integrated models, including Hydrodynamic (HD) module (MIKE 21
HD), Non-Cohesive Sediment Transport Module (MIKE 21ST), and
Spectral Waves model (MIKE 21 SW), were built for the simulation.
After simulation, the model can give the output as follows: a) water
level and flow in MIKE 21 HD package, b) sediment load, bottom
topographic change in MIKE 21 ST, and c) wave characteristics (e.g.,
period or wave height) in MIKE 21SW.
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Fig. 1 Coastal reclamation projects in Rach-Gia Bay with four land reclamation projects
examined in the research, including Hoang-Gia, Phu-Gia, Phu-Cuong, and Phu-Qui projects.
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Table 1 Collected data for the numerical model of Thailand gulf

Parameter Description Source
Bathymetry Bed-level data to define the US army, Vietnam Navy,
model project data
Water level Measurement of water level data Phu-Quoc and Tho-Chu
stations
Wave Wave characteristics in Phu-Quoc | Phu-Quoc station
Sediment Dso of the coastal bed materials Site survey

The simulation model was set up for the overall Thailand gulf
area (namely Model TLG), as shown in Fig. 3a. This flexible meshed
model with 1x1 km, and it was used to obtain a tital elevation and
spectral wave transition within the typical monsoon wind
conditions. The simulated data was calibrated to verify the national
monitoring data at Phu-Quoc station for hourly-water level and wave
and at Tho-Chu station for the water level in May for the monsoon
season and in November for the dry season. It commonly used
Residual Mean Square Error (RMSE) and the Nash Sutcliffe efficiency
(N) coefficient [13] as calibration criteria, as follows:

RMSE = %Z(ci —c)? (1
i=1
_ (e = o)?
T 2 v)
> <cl- iz q-))

where: ¢; is the simulated value, and t; and c is the calibrated
value.

As observed in Fig. 2a-b, the simulated water level is relatively
matched to the measured one in Fig. 2a-b. After conducting the
numerical model-updating of Thailand gulf, it is observed that
simulated data was well-matched to tested data shown in Fig. 2a.
The calibrated NASH efficiency in the rain and dry seasons were 0.96
(Fig. 2a) and 0.87 (Fig. 2b).

The optimal model parameters shall be kept for further detailed
simulation with a finer meshing grip of Rach-Gia Bay to simulate
coastal geomorphology with and without artificial structure. It is
noted that the model for Estimating Equilibrium PArabolictype
ShOreLines (MeePaSol), a Mathlab-based model, which is available
at “https://github.com/BSMC-20180404/MeePaSoL” was applied to
simulate the shoreline changes under human interventions with
reclamation projects [14].
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Fig. 3 Flexible triangle-mesh model of Thailand qulf for calibration of numerical model
of Rach-Gia Bay (Model TLG)

2.2. Simulation model of Rach-Gia Bay for analyzing effects
of land reclamation projects on coastal geomorphology

a)  Description of scenario

Fig. 4 shows the bathymetry mesh of Rach-Gia Bay, which was
zoomed in from the model of Thailand gulf, so-called Model TLG,
(see Fig. 3) for analyzing the effects of land reclamation projects. Fig.
4a shows a detailed model simulating current conditions (without
artificial structure), namely model HT. The model HT was built with a
grid area of about 200 x 200 m. Boundaries for the model (e.g., water
level and wave boundaries) were extracted from model TLG, which
was verified.

As shown in Fig. 4b, a detailed model simulates the presence of
coastal structure, including four projects (Hoang-Gia, Phu-Gia, Phu-
Cuong, and Phu-Qui projects), namely model MP. The model MP was
utilized to evaluate the influence of structures on the coastal and

offshore hydrodynamic regimes. Also, the model was built based on
the previous model in Fig. 3. It is noted that the meshing grid at the
projects was adjusted to better represent the actual shape and
ects.

[I——

position of the four proj

1115600 1= PRt

1100 |
toson i |
1100000

LHER00 |

1oooon | | 1 S

a) Before projects (namely Model HT)b) After projects (namely Model MP)

Fig. 4 Scenario model of Rach-Gia Ba for analyzing effects of land reclamation projects
on coastal geomorphology

b. Simulation cases

For the model HT, the simulation was conducted for 02 typical
wind seasons, including the Southwest monsoon season (from May
to October) and the Northeast monsoon season (from November to
April next year). For each season, model parameters were analyzed
using experimentally measured data within a month. Due to
availability of natural environmental conditions and monitoring
data, May (data measured in May 2010) was selected to analyze the



Southwest season, and November (data measured in Nov 2010) was
selected to analyze the Northeast season. Moreover, the time-step
simulation was set to 5 seconds.

For the model MP, the simulation was also conducted for 02
typical wind seasons, including the Southwest monsoon season
(from May to October) and the Northeast monsoon season (from
November to April next year). The data were also analyzed for one
month in May (SW season) and November (NE season).

Table 2 Selected location for evaluation

ID X Y Location
P1 498008.486 1115516.131 Lac-Hong

P2 501019.245 1113523.094  Hoang-Gia

P3 503563.548 1111233.221 Phu-Gia

P4 505726.206 1108688.918  Phu-Cuong 1

P5 507422.408 1106399.045  Phu-Cuong 2

P6 508355.320 1102073.729  Phu-Quy

P7 500722.410 1110851.575 Lac-Hong seafront
P8 497838.866 1113523.094  Hoang-Gia seafront
P9 493598.361 1109664.234  Mining 1

P10 498474.942 1102200.944  Mining 2

Table 2 shows ten locations, namely P1-P10, selected to evaluate
the changes in tidal-induced current, wave impacts, and sediment
transportation due to the effects of artificial structures. The locations
were marked in Fig. 4b. It is noted that the location P9-P10, which
was far from the coastline, was material mines that were dredged
into projects. Meanwhile, P1-P6 was along the coastline close to four
artificially simulated projects (i.e., Hoang-Gia, Phu-Gia, Phu-Cuong,
and Phu-Quy).

3.ANALYZING EFFECTS OF LAND RECLAMATION ON
CHANGES IN COASTAL GEOMORPHOLOGY

3.1. Tidal-induced current

Fig. 5 shows the simulation results for the flow field at a high tide
and a low tide for the model without the presence of artificial
structures (Model HT). When there was no construction, the tide
(from Thailand gulf) tended to approach the coast of Rach-Gia Bay in
the Northeast direction. When ebb tide, the current also tends to
approach the coastline in the opposite direction

Fig. 6 presents the tidal-induced current changes in various tidal
regime conditions when artificial structures were assumed to be all
constructed along the coastline. The average velocity of the tidal-
induced current in the summer and the winter seasons was 0.44m/s
and 0.48m/s, respectively. In the summer (in May), with the influence
of the Southwest monsoon, the tidal current tends to close to the
shoreline (see Fig. 6a) during the tidal flood, but the current flow is
far away from the coastline on the tidal ebb (Fig. 6b). Similarly, the
current is far away from the beach in the tidal ebbs (see Fig. 6d), and
itis close to the shoreline during the flooding season (November), as
seen in Fig. 6¢. The simulated hydrodynamic regime indicated the
minor change in various structure scenarios. The water level was
kept almost un-change, but the changes in the current direction
could come from the interaction between the flow and the structure.
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Fig. 6 Influences on tidal-induced currents

3.2. Waveimpacts

Fig. 7 shows the wave-field result acting on the shoreline for the
current condition (with artificial structures). During the Northeast
monsoon season, the wave direction affects the shoreline in the
Southwest direction with a maximum height of about 0.5m.

Fig. 8a-d presented the changes in wave height and wave
direction for two cases: before and the artificial structure constructed
for four different examined locations (i.e., mining location., Lac-Hong
seafront, Phu-Quy land reclamation, and Lac-Hong). It was seen that
the wave height was decreased due to the effects of artificial
structure at the shoreline (P1-P5, see Table 2). Meanwhile, the
offshore location did not significantly change. It witnessed a highly
increasing in wave height on the P6 after the beach encroachment,
with a weight percentage of 10% and 6% in the summer and winter
seasons, respectively. Due to the artificial projects, the wave
direction was reflected, and wave height increased significantly, as
detailed in Fig. 8 and Fig. 9.
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Fig. 8 Comparing the influence of encroachment project on wave distribution for
examined locations

In the summer, the southwest wave was predominant, attacking
the shoreline from the Southwest direction. Maximum wave height
during the SW season was approximately 0.4m on the nearshore and
0.6m on the offshore. Otherwise, in the winter (November), the wave
height on the nearshore was modeled at 0.25 - 0.3m, whereas 0.45m
on the offshore. Fig. 9 compares the changes in wave height due to
the artificial structures. It witnessed a decrease in the wave height on
the shoreline, but the offshore location did not significantly change.
There was a high increase in wave height on the edge of the beach
encroachment, with 10% in the SW season and 6% in the NE season.
Due to the artificial projects, the wave direction was reflected and

increased unidirectionally in their height.
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Fig. 9 Comparison of wave height changes due to artificial projects at different locations

3.3. Sediment transport due to land reclamation

Fig. 10 indicates changes in the suspended sediment
concentration (SSC) before and after replenishing. Generally, after
the construction, the concentration of sediment was mostly
decreased in various seasons, and the less SSC was on the multiple
scenarios for both simulated seasons. The first-highest and second-
highest sediment concentration was found at P9 (the mining
location to obtain materials for leveling) and P10 (the other mining
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location). This numerical result is relatively consistent with real
activities on-construction site. It suggests the connection between
real activities and sediment concentration trends.

Moreover, the sediment trap was found on the edge of artificial
beaches, which is on the dominant sediment flow, as shown in Fig.
11b. The presentence of the structures interrupted the sediment
flow and changed the flow directions, which tends to move forward
to the offshore. This resulted in the lack of sediment on the beaches
behind the structure. Meanwhile, Fig. 11b shows the topography of
Rach-Gia Bay without changing before the encroachment structure.
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4. DISCUSSIONS ON COASTAL GEOMORPHOLOGY CHANGE

The study area is influenced by the regular diurnal tidal regimes
of Thailand gulf. Due to the topography characteristic, tidal-induced
currents have complicated interaction, especially in high tidal. As
shown in the previous study, the combined effect of tidal-induced
currents and wave height on the tidal flood could threaten shoreline
stability [15]. Simulation results indicated the potential impacts of
the reclamation structure on the hydrodynamic regime, which is
assessed to be not significant. However, the interaction of longshore
current and artificial structure can result in the rip current on the
structure edge. In addition, a zigzag current would occur when the
longshore current interacts with the complex artificial headlands [1,
16]. This would be easier to form a semi-enclosed area of very low
flow and poor conditions of water exchange [17].
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Fig. 12 Shoreline changes impacted by the artificial headlands

The presentence of the artificial headland interrupts the
longshore sediment flow, as observed in Fig. 12. The figure indicates
the simulation result of the shoreline changes due to encroachment
projects [14, 18]. The red line indicates the natural equilibrium
shoreline. After the construction, the shoreline morphology
changes, influencing the sedimentation flow and leading the
changes in the beach process. The predicted shoreline (yellow
dotted) indicated shoreline changes after the construction.
Simulation results suggest that the sediment was trapped in the
Southeast of the Hoang-Gia and Phu-Gia projects. The artificial
headlands break down the equilibrium shoreline structure, leading
to the re-shaping of the coastline to get a new equilibrium state of
the shoreline [14, 19]. In addition, the changes in hydrodynamic and
sedimentation flow would also affect the deposition and erosion
process in the area.

5.CONCLUDING REMARKS

This paper identified the potential impacts of the encroachment
projects on the hydrodynamic regimes (longshore current, wave
distribution), sediment transportation, and morphological changes.
The numerical model of Thailand gulf was first built for searching the
optimal parameters by comparing numerical data with the
experimental ones. Then, two scenario models of Rach-Gia Bay were
conducted to simulate the effects of artificial structures on coastal
geomorphology. From the analysis, the following remarks can be
drawn. First, the hydrodynamic impact was not significant, but
sediment traps were numerically shown in the Southeast of the Phu-
Gia and Hoang-Gia projects. Second, due to the complicated artificial

headland coastline, the zigzag current would occur locally. Last, the
lack of sediment occurred behind land reclamation projects.

A negative impact should be studied under global sea level rise
or intense typhoon events for future studies. The impact of coastal
land reclamation on seawater interface and groundwater level for
long-term periods of the projects is also recommended.
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