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Abstract 
 
Due to the impoundment of the Three Gorges Dam a decrease in sediment flow has been a major 
factor for erosion on the riverbed further downstream in the Yangtze River. This rapport studies 
the water flow conditions in the Nanjing reach. It also examines the effect of building a diversion 
dike at the head of the reach as a measure to redistribute some of the water flow to the northern 
branch. This branch suffers from a declining water flow, largely as a consequence from the 
erosion in the southern branch. By constructing a numerical model model with the software 
SMS, the current conditions of the reach were simulated. The simulated diversion dike having 
best effect on diverting water was able to improve the split ratio with 4.3 percentage points. 
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Nomenclature 
 
U  Velocity component in the x direction 
V  Velocity component in the y direction 
H  Water depth 
z  Vertical direction 
zb  Bed elevation 
u  Horizontal direction in the x direction along the vertical coordinate 
v  Horizontal direction in the y direction along the vertical coordinate 
q1  Unit flow rate in the x direction 
q2  Unit flow rate in the y direction 
qm  Mass inflow (positive) or mass outflow (negative) 
β  Isotropic momentum flux correction coefficient that accounts for    
  variations in velocity in the vertical direction. 
g  Gravitational acceleration  
ρ  Water mass density 
pa  Atmospheric pressure at the water surface 
Ω  Coriolis parameter 
𝜏𝑏𝑥  Bead shear stress acting in the x direction  
𝜏𝑏𝑦  Bead shear stress acting in the y direction  
𝜏𝑠𝑥  Surface shear stress acting in the x direction  
𝜏𝑠𝑦  Surface shear stress acting in the y direction  
𝜏𝑥𝑥,  Shear stress caused by turbulence in the x direction on plane perpendicular to the 

 x direction. 
𝜏𝑥𝑦  In analogy with 𝜏𝑥𝑥  
𝜏𝑦𝑦  In analogy with 𝜏𝑥𝑥 
𝜏𝑦𝑥  In analogy with 𝜏𝑥𝑥 
N.B  The northern branch of the Yangtze 
S.B  The southern branch of the Yangtze 
B.C  Boundary condition 
WSE  water surface elevation  
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1. Introduction 

1.1 Background 
 
China’s demand for energy has increased greatly in the recent decades following the country’s 
rapid economical growth. To alleviate the energy demand while minimizing the environmental 
impact from less clean energy sources, large investments have been made in hydropower. As a 
consequence, the biggest hydropower project in the world, the Three Gorges Dam was initiated. 
The dam, built across the Yangtze River in Hubei province was finalized in 2012 and contributes 
with an installed power of 22,5 GW.  
 
The Yangtze river, originating from the Tibetan plateau and discharging into the East China Sea 
some 6300 km away is the longest river in China and the third longest in the world (Chen et al., 
2014, p.404).  Being the country’s main waterway and with a river basin containing nearly a 
third of the country’s population, the Yangtze is the most important river in China (Greer & 
Pavlovich Muranov, n.d.). The Yangtze River discharges a great amount of water from the upper 
and middle reach with a mean value of approximately 28 310 m3/s (Zhang et al., 2012, p.77). 
 
Studies show that human activities and mainly dam constructions disrupts river continuity and 
induce alterations in sediment regimes (Vörösmarty et al., 2003, p.176). After the Three Gorges 
Dam impoundment, about 60% of the sediment entering the reservoir was trapped during the 
years 2003-2006 (Xu & Milliman, 2009). An overview of the river system is shown in Figure 
1.1. 
 

 
Figure 1.1 showing a stretch of the Yangtze River from Three Gorges dam to the East China Sea. 
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In the Nanjing reach (Figure 1.2), at the lower part of the Yangtze River, the decrease in 
sediment flow has been the main factor for erosion on the riverbed. Naturally, a larger extent of 
water will pass through the southern branch due to less accumulated resistance from a shorter 
stretch. With less sediment entering the reach the erosion will therefore occur mainly in the 
southern branch. The rate of which the northern branch diminishes will therefore be enhanced 
compared to a scenario where the Three Gorges dam was not built. As an effect of this, shipping 
and dock activity of the northern branch will be hard to sustain which will have a negative 
impact on the industries situated along the branch (Zhang et al., n.d.). River training works will 
be required to redistribute some of the water flow to the northern branch in order to maintain its 
current logistical function.  
 

 
Figure 1.2 Picture of Nanjing reach (Google, 2014) 
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1.2 Aim 
 
This report aims to study the water flow in the reach. Different river training techniques can be 
applied to adjust the water flow between the two branches. This study will examine the effect of 
a diversion dike built at the bifurcation of the river at the Nanjing reach as a measure to 
redistribute more water to the northern branch.  

1.3 Objective 
 
The objective of this project is to construct a numerical model that simulates the hydrodynamics 
of the Nanjing reach. The model will not take sediment movement into account and it will also 
treat the riverbed as immobile. Several different dike structures with varying values of length, 
height and angle will be simulated in the model in order to study the change in water flow from 
previously measured results. This will help to evaluate whether a dike structure can be 
considered a suitable solution for the diversion problem partly caused by the construction of the 
Three Gorges Dam. 
 
Accepted margins of error for the parameters of the calibrated model were decided under 
supervision of the Hydraulics & River Dynamics Research Institute at Hohai University.  
These were set to: 

• Water surface elevation ≤0.1m from the observed water surface elevation value. 
• Diversion ratio  ≤10% of the observed diversion ratio. 
• Water velocity  ≤20% of the observed velocities. 

 

2. Method 
 
This project was done using the SMS (Surface Water Modelling System) software developed by 
Aquaveo. The program is a tool with which the user can build and simulate different surface 
water models and at the same time analyse, manipulate and visualise numerical data. SMS 
supports many different models, for this project the FST2DH (Flow and Sediment Transport) 
module of FESWMS (Finite Element Solution Water Modelling System) model was applied to 
simulate the depth-averaged two-dimensional surface flow of the river. 
 
The FST2DH - module solves the governing system of differential equations using the Galerkin 
finite element method. An important part of the solution is where the region of interest is divided 
into different sub-regions called elements, which are the parts that the mesh created in SMS 
consists of. The solution method will not be described in the report but can be found in the 
FST2DH – FESWMS user manual. 
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2.1 Mathematical model 
 
Creating hydrodynamic models that describes the flow of different kinds of surface water bodies 
is done with equations derived from the full three-dimensional Navier Stokes equations. In many 
cases when dealing with surface water- flow applications there is no need of full knowledge 
about three-dimensional flow structures (Froehlich, 2003, pp.3-1). Using the depth-averaged 
equations and creating a two-dimensional model is less complex and can therefore be a way to 
save computational resources and time.  
 
This project uses a mesh made in SMS with data containing information about the bathymetry of 
the river’s bed and the surrounding topology of the study area. By coupling the mesh with the 
FST2DH – FESWMS module in SMS, the flow of the water in the river can be simulated. The 
simulation describes the two-dimensional depth averaged surface-water flow by solving a system 
of steady-state and time-dependant equations using the finite element method. The governing 
equations are described shortly in the following section. In depth reading of all the equations is 
best done in the FST2DH – FESWMS user manual. 
 

2.1.1 Two-dimensional depth-averaged flow equations 
 
By integrating the full three-dimensional Navier Stokes equations over the water depth and by 
that reducing the dimension of the governing fluid, one ends up with the depth averaged 
equations (Ingham & Ma, 2005, p.22). These equations describe the conservation of mass and 
momentum in two dimensions. When the depth-averaged equations are used, it’s assumed that 
the fluid velocities in the vertical directions are constant and equal to the depth-averaged 
velocities. 
 
The depth-averaged velocity component in the horizontal direction of the x and y coordinates for 
the fluids are defined as follows: 
 
(Eq.1)     𝑈 =  1

𝐻 ∫ 𝑢 𝑑𝑧𝑍𝑤
𝑍𝑏

 

 
(Eq.2)     𝑉 =  1

𝐻 ∫ 𝑣 𝑑𝑧𝑍𝑤
𝑍𝑏

 

 
In Eq. 1 and Eq.2 U is the velocity component in the x direction, V the velocity component in the 
y direction, H= water depth, z= vertical direction, zb= bed elevation, zw=zb+H, u=horizontal 
velocity in the x direction at a point along the vertical coordinate and v=horizontal direction in 
the y direction at a point along the vertical coordinate. The variables can be illustrated as in 
Figure 2.1. Further details can be found in the FST2DH – FESWMS user manual. 
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Figure 2.1 showing that depth-averaged velocities are the mean horizontal velocities in the x direction. The same figure 
can be applied for the y direction using V and v.  

The continuity equation expressed in a horizontal Cartesian coordinate system can be written as: 
 

(Eq. 3)     𝜕𝑧𝑤
𝜕𝑡

+ 𝜕𝑞1
𝜕𝑥

+ 𝜕𝑞2
𝜕𝑦

= 𝑞𝑚 

 
In Eq 3. q1=UH=unit flow rate in the x direction, q2=VH= unit flow rate in the y direction, 
qm=mass inflow rate (positive) or mass outflow rate (negative). 
 
The equation describing momentum transport in the x direction may be written as:  
 

(Eq. 4)   𝜕𝑞1
𝜕𝑡

+  𝜕
𝜕𝑥
�𝛽 𝑞12

𝐻
+ 1

2
𝑔𝐻2� + 𝜕

𝜕𝑦
�𝛽 𝑞1𝑞2

H
�+ 𝑔𝐻 𝜕𝑧𝑏

𝜕𝑥
+  𝐻

𝜌
𝜕𝑝𝑎
𝜕𝑥

− Ω𝑞2 

+ 
1
𝜌
�𝜏𝑏𝑥 − 𝜏𝑠𝑥 −

𝜕(𝐻𝜏𝑥𝑥)
𝜕𝑥

−
𝜕�𝐻𝜏𝑥𝑦�
𝜕𝑦

� = 0 

 
For momentum transport in the y direction the equation is: 
 

(Eq. 5)  𝜕𝑞2
𝜕𝑡

+ 𝜕
𝜕𝑥
�𝛽 𝑞1𝑞2

𝐻
� +  𝜕

𝜕𝑦
�𝛽 𝑞12

𝐻
+ 1

2
𝑔𝐻2� + 𝑔𝐻 𝜕𝑧𝑏

𝜕𝑦
+  𝐻

𝜌
𝜕𝑝𝑎
𝜕𝑦

− Ω𝑞1 

+
1
𝜌
�𝜏𝑏𝑦 − 𝜏𝑠𝑦 −

𝜕�𝐻𝜏𝑦𝑥�
𝜕𝑥

−
𝜕�𝐻𝜏𝑦𝑦�

𝜕𝑦
� = 0 

 
Definitions of the symbols used in the equations can be found in the nomenclature on page v. 
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2.2 Numerical model 
 
This chapter aims to describe how a model of the Yangtze reach was created with SMS by using 
data acquired from measurements on sight. The process of calibrating the model and the design 
of the diversion dikes used to improve the current situation in the reach will also be presented. 
 
A data set with approximately 19400 measure points containing elevation data (x, y & z 
coordinates) of the reach and the surrounding region was acquired from the Hydraulics & River 
Dynamics Research Institute at Hohai University. A different set of data with measured mean 
velocities in the x-direction and water surface elevations from six different cross sections of the 
river was used to calibrate the model and to set up the boundary conditions. This set contained 
values from two different seasons, corresponding to a medium- and a low flow of the river. The 
specific discharges for the different flows are presented in the next section in Table 2.1. 

2.2.1 Building the mesh 
 
The mesh is a grid used by the program to solve the governing mass- and momentum equations. 
These are solved in every node within the elements of the mesh. The element density decides 
how many equations the solution-matrix will contain. There is one solution for every node, 
therefore the number of nodes has an effect on the accuracy and computational time needed to 
run the model. Elements can be turned on and off depending if they are wet or not. This happens 
when the water surface elevation is lower than the elevation of one node within an element. In 
that case the element is not included in the calculations. If the element is big, this function can 
affect the solution stability, thus the concept of element storativity is used.  This concept can 
retain partially dry elements in the calculations and secure the stability of the solution (Froehlich, 
2003, pp.3-6)  
 
When creating a mesh there are several different aspects that have to be taken into account. The 
goal is to create a mesh that will provide a satisfactory solution that approximates the real 
solution of the governing equations at a reasonable cost. In order to get an accurate solution that 
correlates to the real hydrodynamics of the river it is important that the topography of the mesh is 
a good interpretation of the riverbed’s real topography. Furthermore the accuracy of the solution 
depends greatly on the number, size, shape and pattern of the elements of the mesh (Froehlich, 
2003, pp.5-3). A more detailed explanation of how the mesh was constructed can be found in the 
appendix. 
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The boundary conditions used in this model are the measured discharge and water surface 
elevations from the observation points (C1 and C7 in Figure 2.5) located at the inlet and the 
outlet of the model. These are presented in Table 2.1 and are important to consider when 
designing the two meshes, one for the low flow scenario and one for the medium flow scenario. 
 
Table 2.1. Boundary conditions upstream and downstream showing discharge and water surface elevation. 

Low Flow B.C Medium Flow B.C 
Upstream Downstream Upstream Downstream 
15400 m3/s 1.65 m (WSE) 27300 m3/s 3.84 m (WSE) 
 

2.2.2 Calibration 
 
Five cross sections (C2-C6 in Figure 2.2) along the reach were used as a basis for the calibration; 
containing hydrological data of flow velocity, flow direction and water elevation. Data 
containing measurements from the reach was gathered by Nanjing Hydraulic Research Institute 
at the following occasions. 

• Low flow  13-05-2011 (C1-C3) & 14-05-2011 (C4-C7) 
• Medium flow  27-09-2011 (C1-C3) & 28-09-2011 (C4-C7) 

 

 
Figure 2.2 showing the different gauge points along the reach. 
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Parameters used for calibrating the model were Manning’s roughness coefficient, corresponding 
to sand and gravel (n=0.015-0.035 s/m1/3), and the depth for where the specific roughness 
coefficients should be applied (G.J. Arcement & Schneider, 1984, p.6). This is explained in 
detail in Figure A.1 in the appendix. To optimize the accuracy level of the model, a large variety 
of combinations for the parameters were used in order to get an output that corresponds to the 
measured values.  
 
Materials with different properties were assigned to different parts of the bed-surface along the 
reach in order to receive desirable output values from the model. This was done twice since the 
two meshes simulate two different scenarios, thus giving different outputs.  
 

2.2.3 Diversion dike 
 
In order to curb the river and have it flow in a greater extent through the northern branch, 
different diversion dikes were simulated and tested in the model. When designing the dikes, 
matters such as structural integrity was not taken into account. The design was somewhat 
arbitrary and the purpose was solely to study the specific position, length and height that would 
result in the most favourable split ratio. These parameters are presented and explained in Table 
2.2 and Figure 2.3. A factor that had to be taken into consideration when deciding for where to 
place the dike was the riverbed. Depths greater than 40 meters were preferably avoided. 
Different dike restrictions and parameters were decided after consultation with supervisors at the 
Hydraulics & River Dynamics Research Institute at Hohai University.  
 
Table 2.2 lists the parameters for which different dikes were tested. The different angles used for the dikes refer to 
degrees clockwise from the north. 

Angle Length Crest elevation 
215˚ 550m 0m 
225˚ 750m 2m 
235˚ - 5m 
 

 
Figure 2.3 shows a cross section of the dike (left part) and explains the angle of the dike (right part). 
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3. Results 
 
This chapter is divided into three sections containing results obtained from different stages of the 
project. The finished mesh contained 24769 elements in total and each simulation took 
approximately 10-15 minutes for the computers to complete when 10 iterations were used. The 
model converges quickly, which is shown in Figure A.2 in appendix. This implies that the initial 
conditions were close to the true solution (Froehlich, 2003, pp.7-8). Results from the low flow 
scenario were overall better than the ones from the medium flow. 
 

3.1 Calibration results 
 
The following section presents the calibration results for the two different scenarios. Figure 3.1 
and Figure 3.7 shows the distribution of materials used for the calibration. The properties of the 
different materials as well as the boundary conditions used in the model can be found in Table 
3.1 and Table 3.3. 

Low flow scenario 
 

 
Figure 3.1 showing the areas assigned with different materials. The properties of the different materials can be seen in 
table 3.1. 
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Table 3.1 showing the material properties and the boundary conditions that were used in the calibrated model for the low    
flow scenario. 

                           Upstream B.C Downstream B.C 
                           15400 m3/s 1.65 m (WSE) 
 Area n1 (s/m1/3) n2 (s/m1/3) depth 1 (m) depth 2 (m) 
M1 0.03 0.02 1 30 
M2 0.026 0.02 10 20 
M2.2 0.034 0.029 25 32 
M2.3 0.034 0.028 12 15 
M3 0.0224 0.018 0.1 2 
M3.2 0.018 0.015 0.1 0.2 
M3.3 0.0222 0.018 0.1 2 
M5 0.024 0.018 9 13 
M5.2 0.02 0.018 0.1 3 
M5.3 0.035 0.035 18 20 
M7 0.024 0.018 10 50 
 
It was hard to calibrate the water surface elevations and make them match the observed ones at 
cross sections C2, C3 and C6. Even though they were not as accurate as the values at C4 and C5, 
the values were within the acceptable range of error. They are shown in Table 3.2 below. 
 
Table 3.2 showing mean water surface elevations for the low flow. The computed and difference columns are the mean 
values from the measured points in the cross section. 

Cross section Observed (m) Computed (m) Difference (m) 
C2 1.74 1.69 -0.05 
C3 1.77 1.70 -0.07 
C4 1.68 1.67 -0.01 
C5 1.67 1.69 0.02 
C6 1.61 1.67 0.06 
 
Figure 3.2-3.6 shows the depth averaged velocity profile at cross sections C2-C6 for the low 
flow scenario. Small adjustments of manning’s roughness coefficient can create great change in 
the output values making the velocities hard to calibrate. Point adjustments had to be made to the 
materials at different cross sections in order to get output values within the margin of error. One 
example is the material types M5.2-M5.3 in Figure 3.1. 
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Figure 3.2 show velocity profile of the C2 cross section for the low flow 
scenario. 

Figure 3.3 show velocity profile of the C3 cross section for the low flow 
scenario. 

Figure 3.4 show velocity profile of the C4 cross section for the low flow 
scenario. 

Figure 3.5 show velocity profile of the C5 cross section for the low flow 
scenario. 

Figure 3.6 show velocity profile of the C6 cross section for the low flow 
scenario. 
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Medium flow scenario 
 

 
Figure 3.7 showing the areas assigned with different materials.  
 
Table 3.3 material properties and boundary conditions used in the calibrated model for the medium flow scenario. 
 
                          Upstream B.C Downstream B.C 
                          27300 m3/s 3.84 m (WSE) 
 Area n1 (s/m1/3) n2 (s/m1/3) depth 1 (m) depth 2 (m) 
B1 0.026 0.018 15 25 
B1.2 0.026 0.018 12 25 
B2 0.023 0.018 16 35 
B2.2 0.025 0.018 10 25 
B3 0.023 0.018 1 2 
B3.2 0.022 0.018 1 13 
B3.3 0.021 0.018 10 40 
B4 0.031 0.025 10 15 
B4.2 0.033 0.018 3 10 
B5 0.023 0.018 3 10 
B5.2 0.023 0.018 3 23 
B6 0.021 0.018 5 10 
B6.2 0.035 0.027 1 3 
B7 0.023 0.018 10 40 
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The water surface elevations at the cross sections C4-C6 were more sensitive to change of 
manning’s roughness coefficient in the medium flow model than in the low flow model. The 
values at cross section C2 and C3 were almost impossible to influence. Therefore the differences 
in these two cross sections were larger than accepted in the calibrated model. This is shown in 
Table 3.3 
 
Table 3.3 showing mean water elevations for medium flow. The computed and difference columns are the mean values 
from the measured points in the cross section. 

Cross section Observed (m) Computed (m) Difference (m) 
C2 3.72 3.91 0.19 
C3 3.78 3.96 0.17 
C4 3.89 3.88 -0.01 
C5 3.89 3.91 0.02 
C6 3.84 3.88 -0.04 
 
Figure 3.8-3.12 shows the depth averaged velocity profile at cross sections C2-C6 for the 
medium flow scenario. This scenario was harder to calibrate but the same method was used as in 
the calibration for the low flow scenario. The overall trend of the calibrated velocities was 
matched with the measured values, though for this scenario a greater number of different 
materials had to be applied in order to do so. 
 
 
 
 
 
  

Figure 3.8 shows the velocity profile of the C2 cross section for the 
medium flow scenario. 

Figure 3.9 Figure 13 shows the velocity profile of the C3 cross section for 
the medium flow scenario. 
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Table 3.4 shows the observed and computed diversion ratio with regards to the northern branch 
for the two different scenarios. The computed error was 0.8 percentage points for the medium 
flow and 1.4 percentage points for the low flow. Both values were within the accepted range of 
error that was set to 10%. 
 
Table 3.4 displaying the observed and computed diversion ratio for the northern branch. 

Diversion ratio – Medium flow Diversion ratio – Low flow 
Observed Computed Observed Computed 
13.6% 14.4% 12.4% 12.0% 
 

Figure 3.10 shows the velocity profile of the C4 cross section for the 
medium flow scenario. 

 

Figure 3.11 shows the velocity profile of the C5 cross section for the 
medium flow scenario. 

 

Figure 3.12 Shows the velocity profile of the C6 cross section for the 
medium flow scenario. 



 15 

3.2 Status of Nanjing reach 
 
The simulations from the calibrated models are well in line with the current status of the Nanjing 
reach regarding to observed values of mean velocities and water surface elevations. Figure 3.13 
displays the velocity vector distribution of the reach, showing the evident difference between the 
two branches with higher velocities in the southern branch. 
 

 
Figure 3.13 showing the velocity vector distribution for the whole reach during the medium flow scenario. The larger 
vectors in the southern branch show the difference in velocity compared to the northern branch. 

Figure 3.14 shows a close up of the current situation with higher water flow in the southern 
branch due to the greater depths of this area partly caused by erosion. The major factor that 
causes greater amounts of water to travel this way is the fact that the southern branch is much 
shorter than its counterpart and therefore has a smaller hydrodynamic resistance.  
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Figure 3.14 showing the velocities in the area in front of the head of the island for the medium flow scenario. The blue 
part in the figure is very deep and causes a lot of water to travel through the southern branch. 

3.3 Diversion dike 
 
From the different dikes that were simulated in the model there was one setting with significantly 
better performance than the other options. As Table 3.5 shows, there was a consistency in the 
results from the simulation model regarding medium- and low flow in how the diversion dike 
should be designed and located. The disparity can be found in the crest elevation setting of the 
dike where 2 meters was sufficient for the low flow, whereas for the medium flow the crest had 
to be 5 meters. The effect on diverting water was substantial with an improvement of 5.1 
percentage points in the medium flow scenario and 3.9 percentage points in the low flow 
scenario when comparing to observed values from the reach. The improvement compared to the 
computed values from the calibration can be seen in Table 3.4 
 
Table 3.5 showing the properties for the best performing diversion dikes for medium- and low flow.  The improvement 
column in the table refers to the improvement of the computed value. The 215 ˚ angle refer to degrees clockwise from the 
north. The Div. ratio refers to part of water going to through the northern branch. 

 Angle (˚) Length (m) Crest level (m) Div. ratio  (%) Improvement 
(pp) 

Medium flow 215 750 5 18.7 4.3 
Low flow 215 750 2 & 5 16.3 4.3 
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The dike most successful at diverting water to the north branch was the one with the direction of 
S35˚W (angle of 215˚) situated just along the deep slope on the riverbed (see Figure 3.15). 
 

 
Figure 3.15 displaying (from the side) the simulated diversion dike which gave the best diversion effect in the medium 
flow scenario. The z-values have been magnified 10: 1. 

As Figure 3.16 shows, the diversion dike has an effect on diverting water to the northern branch. 
The distribution of velocity vectors shows that the southern branch still has higher values than 
the northern. The velocity in the deep part of the southern branch used to be rather high, though 
now it is moving in a vortex at a slow pace.  
 

 
Figure 3.16 showing the effect of the dike on the reach. 
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4. Discussion & Conclusion 
 
When a hydrodynamic 2D-simulation model is used for evaluating a river reach, several factors 
are excluded that normally would affect the real conditions in the studied area. Some of the 
important factors would be the influence from the wind, tidal effect and the fact that the velocity 
is depth averaged. Furthermore, sedimentation has not been taken into account though it would 
have been possible for the software. Due to limitations in scale of this project it had to be 
excluded but it’s probably the most prominent factor not included in this study. 
 
The computed values for water surface elevation, water velocity and diversion ratio met the aims 
of an error ≤ 20%, 0.1m and 10% for the low flow scenario. In the medium flow scenario 
however, there was some problem calibrating the water surface elevation in cross sections C2 
and C3 where the error was closer to 0.2m. Otherwise the values were satisfying.  
 
The diversion ratios calculated in the simulation model were increased, with respect to the 
northern branch, when simulating a diversion dike in the reach. The position giving best effect in 
diverting water to the north branch was a dike turned 215˚ clockwise from north with a length of 
750m and a crest elevation of 5m and a thickness of 5m at the top. In both the low flow- and the 
medium flow scenario, the improvement was 4.3 percentage points. 
 
When simulating the diversion dike, a positive effect was expected. The actual improvement 
stated in percentage points should be taken with slight caution due to several uncertainties in the 
model. A more accurate calibration could have been achieved if more time would have been 
available. Several factors, mentioned above, that should be taken into account are not included in 
the 2D-simulation model. Arguably, the most valuable conclusion can be found in the placement 
of the dike. Coherence in the results suggests that the best location for the dike was actually 
found.   
 
In the calibrating part of the study, some problems with ill matched values in elevation occurred 
at certain cross sections (C2 & C3) for the medium flow scenario. The measured values were 
unattainable for the simulated model when simply calibrating with Manning’s roughness 
coefficient. The discrepancy can be derived from several factors. One factor could be that the 
data from the cross sections were obtained from two different occasions. The cross sections with 
the ill matched values where the ones that were measured on the first occasion, which could 
mean they were not optimally suited for the boundary condition used.   
 
The targeted aims in terms of water surface elevation, water velocity and diversion ratio between 
the branches were nearly achieved in the calibrated model. Thus, the condition in the Nanjing 
reach was quite well reflected in the simulation model. The diversion dike simulated with best 
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effect on diverting water flow to the northern branch implicates that it is a possible measure to 
consider when deciding for suitable solutions in the reach.  
As stated earlier, several different river training techniques should be studied in order to provide 
a wide source of research for the Nanjing reach.  A diversion dike ought to be one of the more 
tangible solutions available and well worth investigating thoroughly. This report, focusing on the 
location of a possible dike, provides with research concerning the preliminary stage if such a 
solution is considered.  An estimation of how much the dike could contribute and where to place 
it should be of some validity.   
 
When established how a dike should be placed, as have been done in this study, further research 
should look into a number of issues. The design of the dike should be studied further to produce 
a structural integrity that can withstand the water stress over time. Furthermore, the impact on 
the riverbed should be assessed to establish if the construction process of the dike could harm 
river life and the surrounding biotope. The dike's long-term effects on these two matters should 
also be evaluated. If the water resources were to be handled in a sustainable way, the negative 
impacts should be as small as possible on the surroundings. 
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6. Appendix 
 
The appendix contains an explanation of how the mesh was done and results from the calibration 
of the hydrodynamic model. It also contains the results for all the different diversion dikes that 
where simulated in the finished model. A descriptive figure from the software containing the 
roughness coefficient dialog in SMS and a picture from the Nanjing reach contributes with a 
complementary description of the project. 
 
Creating the mesh 
 
When creating the mesh used in this project the first step was to import the elevation data to 
SMS and create a scatter set. The set of scattered data points containing information about 
elevation at different measured points was thereafter triangulated to create a TIN (triangulated 
irregular network). The TIN forms piecewise linear surfaces which describes the bathymetry of 
the riverbed. By manipulating the triangles in the network as shown in figure 2.2, the surfaces 
can be adjusted to better match the contours of the river and by that give a more correct 
representation of the real riverbed. 

 
Figure 2.2 shows how the contours of the TIN (blue and green) can be adjusted to better fit the river’s contour (black).  

With the values for the water surface elevations in mind, the next step is to create feature arcs in 
the shape of the mesh that is to be made. In order to create a mesh that will run without errors it 
is important never to draw the feature arc lines at an elevation exceeding the elevation of the 
downstream boundary condition. Along the feature arc lines there are vertices. The concentration 
of these decides how many elements a certain area in the mesh will consist of. The concentration 
can be adjusted manually to create more elements in an area of special interest where a more 
accurate solution is favourable. The feature arc line and the vertices are shown in Figure 2.3 
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Figure 2.3 shows the feature arc lines and the vertices in the TIN. The area where the river splits in to two different 
branches is of extra interest, therefore the number of vertices on the feature arc line surrounding the area is greater than 
normal. 

The area that has been outlined by the feature arc lines describes the area that will be turned in to 
mesh. When the mesh is created by SMS, each node in every different element receives an 
interpolated value from the original set of scattered data points. SMS includes a tool called mesh 
quality that checks the newly interpolated mesh for elements that can cause problems during the 
calculations. An example of the functions is shown in Figure 2.4 By manually manipulating the 
mesh the problematic parts of the mesh can be corrected. Violations of the quality checks should 
be avoided in order to get a good solution. 
 

 
Figure 2.4. Violations of the mesh quality check are displayed with different colours corresponding to a specific problem. 
The upper part of the mesh where the river becomes narrower is an area of specific interest, therefore it has a greater 
amount of elements.  

Preliminary runs were made after all the problematic elements had been modified, the obtained 
results were then used to adjust unexpected problems within the respective mesh. The problems 
resolved were the following: 
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• Sharp edges along the outline of the mesh were smoothed to minimize mass loss in the 
simulation. By using the smooth function in SMS some sharp edges were removed 
automatically, others had to be smoothened by manually moving the nodes. In the latter 
case a new interpolation had to be made to match the deformed elements with original 
scatter data. The mesh quality was also checked in these cases. 

• One node at the inlet of the mesh showed abnormal velocities. After trying several 
different methods to resolve the problem the element containing the node was removed. 

 
 

Table A.1 showing the velocities from the calibration. 

Measured & computed velocities for medium and low flow (m3/s) 
Cross section C2 Cross section C3 

Low Medium Low Medium 

computed measured computed measured computed measured computed measured 

0,556 0,596 0,891 0,90 0,237 0,293 0,409 0,47 

0,623 0,682 1,001 0,97 0,268 0,271 0,465 0,47 

0,66 0,726 1,039 1,07 0,285 0,283 0,485 0,47 

0,649 0,637 1,023 1,00 0,29 0,327 0,501 0,57 

0,565 0,597 0,895 0,96 0,292 0,347 0,494 0,49 

0,514 0,474 0,8 0,84 - - - - 

Cross section C4 Cross section C5 

Low Medium Low Medium 

computed measured computed measured computed measured computed measured 

0,459 0,456 0,816 0,72 0,314 0,306 0,531 0,52 

0,537 0,584 0,876 0,95 0,327 0,334 0,542 0,55 

0,597 0,584 0,938 0,94 0,325 0,361 0,538 0,48 

0,622 0,663 0,973 0,96 0,304 0,313 0,503 0,44 

0,613 0,706 0,96 1,06 0,254 0,295 0,434 0,40 

0,578 0,660 0,882 0,96 - - - - 
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Table A.2 shows the results for all the tested diversion dikes in the model. 

Effect of simulated diversion dikes 
Low flow diversion ratio 

215°; lenght: 550m; crest level: 0m 225°; lenght: 550m; crest level: 0m 235°; lenght: 550m; crest level: 0m 

N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) 

2231,243 13173,092 0,144845136 2087,998 13316,469 0,135544969 1959,94 13442,763 0,127246497 

215°; lenght: 550m; crest level: 2m 225°; lenght: 550m; crest level: 2m 235°; lenght: 550m; crest level: 2m 

N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) 

2220,767 13183,57 0,144165049 2105,425 13298,83 0,136678145 1975,185 13427,229 0,128238664 

215°; lenght: 550m; crest level: 5m 225°; lenght: 550m; crest level: 5m 235°; lenght: 550m; crest level: 5m 

N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) 

2220,767 13183,57 0,144165049 2102,906 13301,089 0,136516923 1976,064 13426,345 0,128295775 

215°; lenght: 750m; crest level: 0m 225°; lenght: 750m; crest level: 0m 235°; lenght: 750m; crest level: 0m 

N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) 

2511,939 12895,958 0,163029322 2213,929 13191,151 0,143714216 2008,307 13394,534 0,130385492 

215°; lenght: 750m; crest level: 2m 225°; lenght: 750m; crest level: 2m 235°; lenght: 750m; crest level: 2m 

N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) 

2514,872 12892,746 0,163222634 2256,572 13148,484 0,146482557 2026,433 13376,154 0,131564457 

215°; lenght: 750m; crest level: 5m 225°; lenght: 750m; crest level: 5m 235°; lenght: 750m; crest level: 5m 

N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) 

2514,872 12892,746 0,163222634 2256,572 13148,484 0,146482557 2026,075 13376,693 0,131539669 

Medium flow diversion ratio 

215°; lenght: 550m; crest level: 0m 225°; lenght: 550m; crest level: 0m 235°; lenght: 550m; crest level: 0m 

N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) 

4505,996 22812,606 0,164942408 4300,459 23017,837 0,15742047 4056,515 23264,093 0,148478211 

215°; lenght: 550m; crest level: 2m 225°; lenght: 550m; crest level: 2m 235°; lenght: 550m; crest level: 2m 

N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) 

4544,521 22772,037 0,166365067 4333,088 22984,003 0,158621868 4061,927 23257,932 0,148680379 

215°; lenght: 550m; crest level: 5m 225°; lenght: 550m; crest level: 5m 235°; lenght: 550m; crest level: 5m 

N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) 

4546,467 22769,451 0,166440205 4327,46 22988,376 0,158423121 4073,4 23246,265 0,149101389 

215°; lenght: 750m; crest level: 0m 225°; lenght: 750m; crest level: 0m 235°; lenght: 750m; crest level: 0m 

N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) 

4878,768 22435,93 0,178613287 4436,778 22882,784 0,16240297 4119,216 23200,23 0,150779631 

215°; lenght: 750m; crest level: 2m 225°; lenght: 750m; crest level: 2m 235°; lenght: 750m; crest level: 2m 

N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) 

5024,952 22285,657 0,183992675 4501,955 22816,484 0,16479547 4116,62 23203,641 0,150680112 

215°; lenght: 750m; crest level: 5m 225°; lenght: 750m; crest level: 5m 235°; lenght: 750m; crest level: 5m 

N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) N.B. (m3/s) S.B. (m3/s) Ratio (N.B.) 

5112,944 22195,905 0,187226639 4539,323 22778,048 0,166169834 4144,522 23174,994 0,178697153 
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Figure A.1 showing the roughness coefficient dialog window in SMS. For the material type B1 shown in this picture, the 
roughness coefficient varies from 0.018 s/m1/3 to 0.026 s/m1/3. For depths greater than 25 m the n-value for the bed-
surface is fixed to 0.018 s/m1/3. The bed-surface in between 25m to 15 m receives a linearly interpolated value for the 
roughness coefficient.  For depths above 15 m the n-value is fixed to 0.018 s/m1/3. 
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Figure A.2 Shows Error vs. Simulation.  The first Simulation was done with 1 iteration, the second with 3 iterations, the 
third with 5 iterations and the fourth was done with 10 iterations.  As is seen in the figure, the model converges quickly 
and stable results are acquired already after 2 iterations. 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

Figure A.3 shows the view looking to the north when standing at the C2 cross section. The width of the river at this point 
is approximately 1 km. 
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