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1 Project Background  

West Lake is located in the north west region of Hanoi’s old city and just west of the Red river. 

It is expected to become the centre of the new Hanoi as part of the 2020 development plan. 

West Lake is believed to be an oxbow lake, with the course of the Red river formerly passing 

through what is now an isolated fresh water lake with an area of 5.2 km2. 

West Lake has no major inflow other than storm water runoff, sewage, and minor groundwater 

flow. West Lake has suffered from extensive pollution, including heavy metal contamination of 

sediments and commercially important organisms (Pham and Pulkownik, 2007). 

The purpose of this study is to determine an accurate bathymetry of West Lake and develop a 

hydrodynamic model for possible future studies of sediment transport and water quality.  

 

Figure 1  West Lake location map 
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2 Data Collection 

2.1 Bathymetry Data 

The West Lake bathymetry survey was carried out using an Acoustic Doppler Current Profiler 

(ADCP) mounted on a small motorboat. The data was collected over a period of five days on 

April 03, 2009 (3 days) and March 29, 2010 (2 days). Figure 2 shows the data collection tracks 

of the bathymetry survey for the whole lake. 

 

Figure 2  ADCP data collection tracks 

 

The depth values measured by the ADCP, were converted to bottom elevation using the water 

level at a staff gauge. This staff gauge was placed at the edge of the lake in front of Dynamic 

Solutions-International office at 59A Trich Sai street.  According to the geodetic result at 18:00 

on June 19, 2009, the water level and water surface elevation were 40 cm and 6.02 m 

respectively.  The water surface elevation during the measurement period is calculated and 

shown in Table 1. The computed bottom elevations from the raw measured data points are 

shown in Figure 3. 
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Table 1  Water Level and WS Elevation in the measurement period 

Date Time 
Water Level 

(cm) 
WS Elev 

(m) 

03-Apr-09 7:00 44 6.06 

03-Apr-09 18:00 45 6.07 

06-May-09 7:00 37 5.99 

06-May-09 18:00 38 6.00 

02-Jun-09 7:00 44 6.06 

02-Jun-09 18:00 44 6.06 

03-Jun-09 7:00 44 6.06 

03-Jun-09 18:00 44 6.06 

29-Mar-10 7:00 27 5.89 

29-Mar-10 18:00 27 5.89 

 
 

 

Figure 3  Raw bathymetric data points 
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Figure 4 shows the bathymetry after processing with the Digital Terrain Modeling Tool (DTM 

tool). This bathymetry plot was developed using a grid size of 5 m x 5 m. 

 

 

Figure 4  West Lake Bathymetry (Grid 5 m x 5 m) 

  



West Lake Bathymetry Study Report 

DS-INTL -5 - April 24, 2013 

2.2 Wind Data 

Wind data was collected from www.wunderground.com from Noi Bai Airport, Hanoi, for the 

period of January 1, 2009 to December 31, 2009. The wind rose and wind direction for this data 

are shown in Figure 5 and Figure 6 respectively. 

 

Figure 5  Wind Rose data for Hanoi, 2009.  

 

 

Figure 6  Wind Direction data for Hanoi, 2009 
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3 EFDC Model Development 

The three-dimensional Environmental Fluid Dynamics Code (EFDC) model (Hamrick, 1992, 

1996) has been selected as the hydrodynamic model to provide a rigorous mathematical and 

computational framework for simulating the hydraulics and hydrodynamics of West Lake.  

EFDC is also coupled as a sediment transport model enabling various methodologies to be 

easily undertaken in the future.  

EFDC solves the finite-differenced form of the hydrostatic Navier-Stokes equations, together 

with a continuity equation, and transport equations for salt, temperature, turbulent kinetic 

energy and turbulent macroscale (Hamrick, 1992).  The equations are solved horizontally on a 

curvilinear, orthogonal grid, and vertically on a stretched sigma-grid. Vertical diffusion 

coefficients for momentum, mass, and temperature are determined by the level 2.5 turbulent 

closure scheme of Mellor and Yamada (1982) and Galperin et al. (1988).  The physics of the 

EFDC model, and many aspects of the computational scheme, are equivalent to the Blumberg 

and Mellor (1987) class of advanced hydrodynamic models (ECOM-3D and Princeton Ocean 

Model) and CH3D, the hydrodynamic model developed by the U.S. Army Corps of Engineers 

for Chesapeake Bay (Johnson et al., 1993).  EFDC is a public domain model supported by EPA 

that has been applied for hydrodynamic investigations of many rivers, lakes, and tidally driven 

coastal and estuarine water bodies. 

In addition to the EFDC model, the study also uses the program EFDC_Explorer (EE) (Craig, 

2009).  EE is a pre- and post-processor for the EFDC model providing rapid model 

development, calibration and reporting.  EE is freely available to DS-INTL. 

Most recently EE has been enhanced to include the ability to internally generate wind wave bed 

shears (ISWAVE=3). This option allows simulation of wave effects and re-suspension of 

sediments inside EE. Using this option, a wind time series is used to provide the instantaneous 

values of wave parameters with fetch calculated for each cell in eight directions. This is used to 

calculate total bed shear stress, with bed shear stress linked to the current via the Grant 

Madsen approach. This option means that it is no longer necessary to use imported external 

wave turbulence to simulate wave propagation (Dang Huu Chung and P.M.Craig, 2009). The 

fetch for each sector for which the wind is blowing may also be viewed.  

 

Figure 7 shows the grid developed for West Lake. This grid has 5,060 cells, with an average of 

33 m by 33 m. The grid was developed with Delft 3D (Delft, 2006) and imported into EDFC_ 

Explorer.  Figure 8 shows the depth in West Lake with the model grid overlaid.  
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Figure 7  Grid developed for West Lake. 
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Figure 8  Depth in West Lake with grid.  
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4 Hydrodynamic and Sediment Transport Model  

Although measured empirical data is not currently available for West Lake, estimates have 

been made for relevant parameters in order to test the model as a single layer.  The model was 

run for simulation period of 10 days. 

4.1 Boundary conditions 

For modeling purposes, it has been supposed that there is a sewer at the western edge of West 

Lake with the discharge of 1.5 m3/s, as shown in Figure 9. Thus, the model has only one open 

boundary condition with a constant inflow over the ten day simulation (Figure 10). During this 

period a fixed amount of cohesive (100 mg/l) and non-cohesive (2500 mg/l) sediments flow into 

the lake through this sewer. 

 

 

Figure 9  Location of Boundary Conditions for West Lake.  
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Figure 10  Time series for Inflow BC (sewer).  
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4.2 Cohesive and Non-Cohesive Sediments parameters 

The model used only one grain size for each type of sediment. For cohesive sediment the grain 

size is 10    and non-cohesive sediment grain size is 300   . Constant settling velocities for 

sediment were used. The critical bed shear stresses are based on the Shield’s diagram as 

given in Soulsby, 1997. The bed shear stresses include the critical values for deposition and 

erosion. These parameters are very important for sediment transport, because they decide both 

the amount of sediment in the water column and the situation of bed morphology. It should be 

noted that the critical bed shear stress inputs from EE are divided with water density  , so the 

dimension is m2/s2.  

The relation between critical bed shear stress and Shield parameter is as follows: 

    
   

 (    ) 
 

In which 

    is critical bed shear stress, g acceleration due to gravity,    grain density,   water density 

and d grain diameter. 

Figure 11 shows the suspended sediment distribution at 7.25 days into the model run. Figure 

12 shows the suspended sediment bed thickness at the end of the 10 day model run. 
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Figure 11  Suspended sediment distribution at t=7.25 days. 
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Figure 12  Bed sediment thickness at t=7.25 days. 
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4.3 Wind Effects 

As there is no open boundary in West Lake the field of velocity is generated only by wind. A 

module of wind wave calculation has been developed and incorporated into EFDC as 

mentioned above. It has been applied in many different cases and is well illustrated in this 

model. In order to see the clear effect of wind wave, a strong wind condition was used.  

Figure 13 shows the wave height on West Lake for measured wind data on 8th January 2009 at 

6 am ( t=7.25 days), when the wind is blowing due south at a speed of  2.5 m/s. 

 

 

Figure 13  Wave height on West Lake from measured Wind data. 
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5 Conclusions 

A thorough understanding of the bathymetry of West Lake has been obtained from the survey 

undertaken.  

A preliminary simulation of sediment transport due to wind for the wind wave model for West 

Lake has been carried out in EFDC and set up through EFDC_Explorer. The result shows that 

the distribution and propagation of suspended sediment in the lake are quite reasonable. Under 

the given conditions of flow and wind, a significant eddy appeared. This can be explained by 

the feature of the bathymetry, the lake shore and the flow from the sewer. This confirms the 

ability of application of the model to simulate sediment transport and water quality in more detail 

in future. 
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