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1. Introduction

Dredging is an essential operation to ensure safe 
navigation for vessels at ports and harbours [1]. It also plays 
a critical role in maintaining harbour operations, such as the 
import and export of goods. However, dredging at sea can 
have detrimental effects on the marine environment and its 
ecosystems by increasing turbidity levels and causing fine 
sediments to settle over a wide area. This can affect a large 
zone surrounding the mining site. The dredged material may 
smother seabed habitats, coral reefs, and fish spawning sites, 
and disrupt fish navigation [2]. Additionally, dredging alters 
seabed topography at both extraction and disposal sites, 
potentially changing local flow patterns. Consequently, it 
is vital to monitor, control, and assess the environmental 
impacts of dredging activities [3].

In Vietnam, due to the scarcity of sand for construction 
projects, sand mining activities in river and coastal areas 
have increased. These activities often cause significant 
changes in the marine environment by increasing water 
turbidity through the release of organic and inorganic 

particles from the seabed during the extraction process 
[4, 5]. This not only affects the growth of marine organisms 
but also impacts tourism, fisheries, maritime transportation, 
and coastal morphology [6]. Therefore, applying models 
to simulate turbidity dispersion from dredging activities is 
crucial for understanding the propagation of pollutants in 
the marine environment. Computational models can predict 
changes in turbidity over time and space, aiding managers 
in planning and implementing measures to mitigate negative 
environmental impacts [7].

Nam Dinh province, located in the southern part of the 
Red river delta, holds a strategically important position in 
socio-economic development. One of Nam Dinh’s strengths 
lies in its abundant marine sand resources of relatively good 
quality, which are distributed along the coastal areas of Giao 
Thuy, Hai Hau and Nghia Hung districts and are used as 
filling and construction materials [8]. These coastal areas are 
currently being exploited to supply construction materials 
for both local and national projects. Therefore, using 
mathematical modelling tools to simulate the dispersion 
of turbidity from sand mining activities is essential for 
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assessing the impact of these activities on the environment 
and surrounding ecosystems [9].

Mathematical models have proven highly beneficial 
in assessing the environmental impacts of sand mining 
activities [10-12]. They provide a scientific basis for 
environmental impact assessments of coastal sand mining 
projects. In some studies, mathematical models have been 
applied to simulate, evaluate, and forecast environmental 
factors based on socio-economic development activities. For 
instance, in a study by Q.T. Doan, et al. (2019) [3], the MIKE 
model was employed to simulate turbidity propagation from 
dredging and dumping activities in the Quy Nhon seaport 
area. Similarly, the study by D.S. Maren, et al. (2015) [4] 
investigated the effects of channel deepening and dredging 
on sediment concentrations in estuaries, offering a detailed 
analysis of sediment transport dynamics and the resulting 
environmental impacts. To assess the impact of dredging 
on the marine environment, prior research has primarily 
utilised 2D and 3D  models. These models are grounded 
in field data and undergo calibration and validation to 
realistically simulate physical processes such as sediment 
dispersion and the movement of dredged material near the 
coast [13-15]. In this study, the MIKE 3 model is used to 
calculate and simulate the impact of coastal sand mining 
activities on turbidity dispersion, based on observational 
data from the Nam Dinh sand dredging project.

According to the Circular No.14/2024/TT-BTNMT on 
Technical Regulations for Exploration and Classification 
of Reserves and Resources of Marine Sand Mines, it is 
required to build flow models and suspended sediment 
dispersion models caused by sand mining activities, 
specifically utilising a 3D model. Therefore, applying the 
MIKE 3 modelling suite is essential for evaluating the 
impact of sand mining activities on the marine environment.

2. Materials and methods

2.1. Study area

The sand mining area is located in the coastal region of 
Nghia Hung district, Nam Dinh province, approximately 
1.1 km from Con Mo (Con Xanh) in Nam Dien commune, 
about 6.5 km south of the Day river mouth, and about 10.5 
km north of the Ninh Co river mouth. The mining area 
covers approximately 100 hectares, with a width of 500 
metres and a length of 2 kilometres. The mining capacity 
is about 276,970 cubic metres per year, averaging around 
1,108 cubic metres per day (Fig. 1) [10]. 

The study selected a typical year for simulation, from 
1 January 2021 to 30 December 2021, divided into two 
periods corresponding to the Northeast monsoon and the 
Southwest monsoon. This division aims to assess the impact 

Fig. 1. The location of the study area.
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of seasonal wind regimes and hydrodynamic characteristics 
including tides, waves, ocean currents, river flows, and 
sediment transport on the turbidity dispersion process in the 
study area.

2.2. Methods

The research methodology is demonstrated through the 
following steps: 

Data collection: Gather input data for the model, 
including topographical data, wind data, water levels, and 
sediment waves.

Model setup and calibration: Establish, calibrate, and 
validate the model.

Hydraulic simulation: Simulate seasonal hydraulic 
conditions using the hydrodynamic (HD) and spectral wave 
(SW) modules. The results of the hydraulic simulation will 
serve as input parameters for simulating turbidity dispersion. 
The research framework is illustrated in the diagram below 
(Fig. 2).

Fig. 2. Study approach flowchart.

The MIKE 3 hydraulic model is a 3D numerical 
modelling software developed by the Danish Hydraulic 
Institute (DHI). It is used for calculations in areas with 
complex terrain such as oceans, coastal zones, river mouths, 
seaports, rivers, and lakes. The model can simulate detailed 

impacts from various factors, including hydrodynamic 
conditions, terrain, currents, turbidity, and geology. It also 
accounts for the effects of density stratification, temperature, 
salinity, and interactions between atmospheric and marine 
factors (pressure, waves, and surface winds). The theoretical 
basis of the model is built on the shallow water equations, 
as follows:

The model is based on the solution of the three-
dimensional incompressible Reynolds-averaged Navier-
Stokes equations, subject to the assumptions of Boussinesq 
and hydrostatic pressure. The local continuity equation is 
written as [16]:
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(4)

where t is the time; x, y, and z are Cartesian coordinates; η is 
the surface elevation; d is the still water depth; h = η + d is 
the total water depth; u, v and w are the velocity components 
in the x, y, and z directions; u = 2ΩsinΦ is the Coriolis 
parameter (Ω is the angular rate of revolution and Φ the 
geographic latitude); g is the gravitational acceleration; ρ is 
the density of water; sxx, sxy, syx and syy are components of the 
radiation stress tensor; vt is the vertical turbulent (or eddy) 
viscosity; Pa is the atmospheric pressure of the discharge 
due to point sources, and (vs, us) is the velocity by which the 
water is discharged into the ambient water.

Data collection: The bathymetric data for the study area 
includes a 1:5,000 scale map inherited from an environmental 
impact assessment survey project, combined with deep-
water topographic data at a 1:10,000 scale surveyed between 
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2007 and 2015. This data was provided by the Department 
of Cartography, Vietnam Ministry of Natural Resources and 
Environment, and has been adjusted and synchronised to 
the same elevation system for calculation purposes (Fig. 3).

Water level and river flow: The study utilised actual 
measurement data on water levels, currents, and suspended 
sediment from Van Ly station, Nam Dinh (20°1’46.07”N; 
106°16’45.72”E), obtained from the project “Study on 
coastal dynamics changes and propose reasonable resource 
utilisation solutions for the coastal areas of northern and 
central Vietnam” (Code: NDT.30.RU/17) [17]. River flow 
data was collected from the Phu Le hydrological station on 
the Ninh Co river and the Nhu Tan station on the Day river 

in 2018 and 2021. Water level, flow, and wind data from 
2018 were used for model calibration and validation, while 
data from 2021 were used for simulations according to sand 
mining scenarios.

Wave data: Offshore wave data near Nam Dinh were 
extracted from the results of the WAVEWATCH III model 
for a point located at coordinates 106°15’ E, 20°00’ N, 
covering the period from 1 January 2018 to 30 December 
2021 (Fig. 4).

Wind data: The study used extreme wind data recorded 
at Hon Dau station between 2018 and 2021.

Fig. 3. The bathymetry data in the study area.

Fig. 4. Distribution of wave height and wave direction.
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Sediment data: Sediment data and concentrations at the 
mouths of the Ninh Co and Day rivers were obtained from the 
survey data of the sand mining project. The analysis results 
of sand particle sizes are presented below (Table 1) [17].

Table 1. Sediment grain size distribution.

No. Sediment grain size (mm) Ratio (%)

1 0.25-0.5 3.5

2 0.1-0.25 66.6

3 0.05-0.1 24.7

4 0.01-0.05 5.3

5 0.005-0.01 7.4

6 D<0.005 3.08

2.3. Model setup

The computational domain of the model includes the 
coastal area of Nam Dinh province, extending approximately 
41 km in length and 15 km from the coast to offshore. The 
grid for the study area consists of a total of 4,436 grid cells 
and 2,492 grid nodes, utilising a structured grid combined 
with orthogonal grids to optimise simulation time.

The model’s boundary inputs include the sea boundary 
and the river boundary. The sea boundary consists of global 
tidal water levels obtained from the MIKE 21 Toolbox, 
while the river boundary includes discharge and suspended 
sediment concentrations at the mouths of the Ninh Co river 
and the Day river, extracted from the MIKE 11 hydrological 
model of the Red river - Thai Binh river system (Fig. 5).

2.4. Calibration and validation model

Calibration was performed by adjusting bed resistance, 
with a Manning number of 30, 32, and 35 m¹/³/s. The 
finite-volume model has been successfully tested in several 
basic, idealised simulations, where computed results were 
compared with analytical solutions. This study used the 
Nash coefficient for the calibration and validation model:
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where Xo,i is the observed value, Xs,i is the computed value, and Xo  is the average 
observed value.  

Due to the lack of coastal oceanographic observation stations in the study area, 
survey data from Van Ly station in Nam Dinh was used for model calibration and 
validation (Fig. 5 and Table 2). Data from Van Ly station (20°1'46.07"N; 
106°16'45.72"E), collected between 28 October 2018 and 5 November 2018, was used 
to calibrate the model. Subsequently, a time series from 14 November 2018 to 26 
November 2018 was used for hydraulic model validation.  
Table 2. Calibration and validation results. 

No Manning number coefficient (m⅓ /s) Nash 

1 28 0.94 
2 32 0.82 
3 35 0.80 
4 Validation  0.93 
5 Suspended sediment 0.65 

The calculated and observed water levels demonstrated good agreement in terms 
of vibration amplitude, absolute value, and tidal phases during both calibration and 
validation (Fig. 6). The NSE value for calibration and validation of water levels at Van 
Ly station ranged from 0.80 to 0.94. Based on the calibration of the model's roughness 
coefficient, a Manning number of 28 yielded the best Nash coefficient result. Therefore, 
this value was selected for hydraulic model validation. In summary, the model's 
parameter set meets the accuracy requirements and can be used for simulating turbidity 
dispersion scenarios. 
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The calculated and observed water levels demonstrated 
good agreement in terms of vibration amplitude, absolute 
value, and tidal phases during both calibration and 
validation (Fig. 6). The NSE value for calibration and 
validation of water levels at Van Ly station ranged from 0.80 
to 0.94. Based on the calibration of the model’s roughness 
coefficient, a Manning number of 28 yielded the best 
Nash coefficient result. Therefore, this value was selected 
for hydraulic model validation. In summary, the model’s 
parameter set meets the accuracy requirements and can be 
used for simulating turbidity dispersion scenarios.

3. Results and discussion 
The scenarios tested in the mud transport module are as 

follows:

Scenario 1 (S1): Simulation of turbidity dispersion 
during the Northeast monsoon season. This scenario used 
wind direction data from 1 January 2021 to 30 March 2021, 
recorded at Hon Dau station. The simulation time step 
was 30 seconds, with 250,000 iterations and an average 
extraction capacity of 14,204 m³/day.

Scenario 2 (S2): Simulation of turbidity dispersion 
during the Southeast monsoon season. This scenario used 
wind direction data from 1 July 2021 to 30 September 
2021, recorded at Hon Dau station. The simulation time 
step was 30 seconds, with 250,000 iterations and an average 
extraction capacity of 14,204 m³/day.

3.1. Scenario 1 results

The model results indicated that the flow field in the 
study area was significantly influenced by topography, 
river flow, wind, and wave fields (Fig. 7). The flow field 
exhibited substantial fluctuations in both direction and 
speed, suggesting that sedimentation processes would 
vary under different conditions. The study decoupled the 
hydrodynamic module and the mud transport module in the 
3D model to simulate sedimentation in the submerged zone 
separately.

The hydraulic simulation results demonstrated that flow 
direction in the dredged area generally moves from north 
to south, while flow directions near the river mouths vary 
significantly due to river currents. Streamflow velocity 

Fig. 6. Comparison of observed and computed water levels during calibration (A, B, C) and validation (D, E). Comparison 
of suspended sediment concentration.
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remained well below the regulatory threshold, indicating 
that dredged materials in this area were unlikely to cause 
excessive suspended material concentrations.

The hydraulic results influenced the diffusion of total 
suspended solids (TSS) in the 3D MT model. The findings 
indicated that the highest concentration of sediment in the 
dredged areas was 0.15 kg/m³, below the acceptable limit 
of 0.5 kg/m³, set by QCVN 10-MT:2015/BTNMT (Figs. 
8A, 8B). During low tide, sediment concentration dropped 
to 0.045 kg/m³, spreading over an area of 6 km², while at 
high tide, the concentration exceeded 0.075 kg/m³ over an 
area of 8 km² (Figs. 8C, 8D). Despite these fluctuations, 
concentrations remained well below the regulatory threshold, 
indicating that dredged materials in this area were unlikely 
to cause excessive suspended material concentrations.

The turbidity dispersion process was significantly 
influenced by coastal currents, particularly the seasonal 
variations in wind patterns. During the Northeast monsoon 
season, current speeds increased compared to the Southwest 

monsoon, causing turbidity dispersion during the Northeast 
monsoon to expand further. This resulted in the Day river 
estuary being more affected by the turbidity dispersion 
process than the Ninh Co river estuary.

After one month of mining in the northern nearshore 
area of the Day river mouth, surface layer turbidity 
concentrations reached approximately 0.05 kg/m³. In the 
mining area, the maximum turbidity concentration reached 
0.28 kg/m³, with an influence radius of 0.3 km along the 
coastline (Fig. 9A). After two months, the area influenced 
by turbidity concentrations >0.05 kg/m³ expanded, with an 
influence radius of approximately 2.5 km. The maximum 
turbidity concentration in the mining area reached 
0.33 kg/m³, gradually decreasing southward, remaining 
below the acceptable limit. However, after three months, 
the maximum turbidity concentration at the extraction site 
reached 0.96 kg/m³, exceeding the regulatory limit set by 
QCVN 10-MT:2015/BTNMT (Figs. 9B, 9C).
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Fig. 9. Maximum turbidity field during the Northeast monsoon: (A) After 1 month, (B) After 2 months, (C) After 3 months 
of mining.
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3.2. Scenario 2 results

During the Southeast monsoon season, the maximum 
flow velocity in the mining area reached 0.35 m/s, while the 
average flow velocity was 0.31 m/s. Simulation results for 
the wave regime indicated that the maximum wave height 
reached 1.7 m, while the average wave height was 0.56 m 
(Fig. 10).

The simulation results indicate that turbidity 
concentration tends to move from the south to the north of 
the sand mining area due to the influence of coastal currents 
during the Southwest monsoon season. In the mining area, 

the maximum sediment concentration reaches approximately 
0.04 kg/m³, which is below the allowable limit set by 
TCVN 10-MT:2015/BTNMT. Meanwhile, in the coastal 
area of the Ninh Co river mouth, sediment concentration 
gradually decreases, ranging from approximately 0.008 to 
0.024 kg/m³ (Fig. 11).

From the simulation results during the Southwest 
monsoon season, it was observed that areas where turbidity 
exceeds the threshold of 0.05 kg/m³ extend along the 
coastline from the mining site to the mouth of the Ninh 
Co river. After 1 month of sand mining in the extraction 

Fig. 10. Simulation results of S2. Streamflow field during (A) low tide, (B) high tide. Distribution of suspended sediment 
concentration (SSC) during (C) low tide, (D) high tide.
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area, the maximum turbidity concentration reached 0.6 
kg/m³ with an influence radius of approximately 0.3 km. Due 
to the combined effects of currents and monsoonal winds, 
turbidity tends to move northward from the mining area. 
Consequently, the coastal area near the mouth of the Ninh 
Co river experienced the highest turbidity concentration, 
reaching 0.2 kg/m³, while the coastal area near Thinh Long 
town had a maximum turbidity concentration of about 
0.1 kg/m³. The area near the mouth of the Day river was 
minimally affected by turbidity dispersion from sand 
mining activities. After 2 months of mining, the maximum 
turbidity reached 0.86 kg/m³ with an influence radius of 
0.5 km. Turbidity dispersion primarily occurred along 
the coastline, driven by nearshore currents, with turbidity 
exceeding the threshold of 0.05 kg/m³ from the mining 

area to the mouth of the Ninh Co river. After 3 months of 
mining, the maximum turbidity concentration in the coastal 
area of the mining site reached 0.96 kg/m³, while turbidity 
at the mouth of the Ninh Co river and Thinh Long town was 
approximately 0.32 kg/m³.

During the Northeast monsoon season, the flow rate of 
small rivers is minimal, and suspended sediment transport 
to the river mouths (Ninh Co river, Day river) is negligible, 
almost approaching zero (Fig. 12). Turbidity distribution 
seems to be minimally affected by sediment sources from 
the rivers. Conversely, during the Southwest monsoon 
season, the flow rate of rivers increases significantly, and 
the sediment load transported to the sea is higher, leading to 
increased turbidity, particularly from the mining site to the 
mouth of the Ninh Co river, and in coastal areas.
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Fig. 11. The maximum turbidity field in the research area during the Northeast monsoon season: (A) After 1 month of mining; 
(B) After 2 months of mining; (C) After 3 months of mining.
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One of the advantages of the MIKE 3 model compared 
to the MIKE 21 tool is its ability to calculate hydrodynamic 
regimes and turbidity dispersion processes across different 
water depths, as well as assess turbidity across cross-
sections. In contrast, the MIKE 21 tool calculates only 
average values. Therefore, the MIKE 3 model provides 
detailed information on the impact of turbidity across three-
dimensional cross-sections [9, 10].

The results of turbidity propagation by depth from 
sand mining activities show that turbidity tends to increase 
gradually from the surface to the bottom layer. At the bottom 
layer, turbidity concentration ranges from approximately 
1.4 to 5.2 kg/m³ with an influence range of about 0.6 km. In 
the middle layer, turbidity concentration ranges from 0.32 
to 1.3 kg/m³ with an influence range of about 0.8 km. At the 
surface layer, turbidity ranges from 0.14 to 0.52 kg/m³ with 
an influence range of about 2 km.

4. Conclusions and recommendations

The research results provide a scientific basis for 
assessing the impact of sand mining activities on the marine 
environment in the coastal area of Nam Dinh province. The 
findings indicate that the trend of turbidity propagation 
depends on the flow regime and wind conditions during 
the monsoon periods. During the Northeast monsoon, the 
current flow causes turbidity propagation from sand mining 
activities to affect the coastal area and the mouth of the Day 
river. Conversely, during the Southwest monsoon, turbidity 
propagation moves northward, impacting the mining site 
and the mouth of the Ninh Co river.

Turbidity levels at the mouth of the Ninh Co river during 
the Southwest monsoon season were higher compared to 
the Northeast monsoon season due to the combined effects 
of increased river flow during the flood season and coastal 
currents, which transported turbidity from the mining area 

Fig. 12. Turbidity dispersion by depth: (A) Surface layer, (B) Middle layer, (C) Bottom layer, (D) Along the cross-section.
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to the river mouth. Therefore, it is recommended that the 
mining project focuses operations during the Northeast 
monsoon season to minimise the impact of sediment 
turbidity on the marine environment in the study area.

With a mining volume of 14,204 m³/day, turbidity 
concentration remains within permissible limits according 
to TCVN 10-MT:2015/BTNMT for the first 1 to 2 months. 
However, after 3 months, turbidity concentration at the 
mining site exceeds the allowable limit. The simulation 
results using the MIKE 3 model also show that sediment 
concentration decreases from the bottom layer to the 
surface layer. At the bottom and middle layers, sediment 
concentration exceeds the regulatory threshold, while at the 
surface layer, it decreases and remains below the permissible 
limit according to TCVN 10-MT:2015/BTNMT.

The area with turbidity exceeding 0.5 kg/m³ is 
concentrated around the mining area with an influence 
radius of approximately 2 km, while surrounding areas 
remain within permissible limits according to TCVN 10-
MT:2015/BTNMT. Nevertheless, it is recommended that 
the sand mining project consider reducing the mining 
volume to mitigate the impact on the marine environment 
in the study area.
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