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Abstract

Experiments and simulations of the flow velocity
distribution downstream the Xiluodu hydropower
station
Ann-Mari Olofsson & Emelie Bränd

Hydropower is a more environmental friendly way of producing electric power than
many other alternatives today. Though, the effects of constructing mega dams are
much tangible for the local eco systems in addition to changing many people’s lives
forever. In order to prevent floods, riverbank erosions or landslides, proper
investigations of the environmental impact from dam constructions must be
performed. One of the key parameters in such investigations is the flow discharge
velocity.

This master thesis treats experimental measurements and numerical simulations of
the velocity downstream a model of Xiluodu dam. The Xiluodu dam is a mega dam
under construction in China and will have a total capacity of 12 600 MW when
completed. The model is in scale 1:100 and the experiments have been performed at
Department of Hydraulic Engineering, Tsinghua University, Beijing, China.

The velocity profile shows that the velocity in the middle of the river is larger than
the velocity at the surface and near the riverbank. The comparison between the
measured and the simulated velocities shows a difference of less than 20 percent in
almost all points which can be considered as a good result. In those points where the
difference is more than 20 percent, this is believed to be due to the position of these
points. Some of them were located near a vortex and others very close to the
bottom. This is a problem when sparsely measured topography in combination with
linear interpolation makes the boundaries of the simulations incorrect.
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Sammanfattning 

Vattenkraft är ett mer miljövänligt sätt att producera el på än många andra alternativ som 

finns idag. Effekterna av att producera en megadamm är dock mycket påtagliga för lokala 

ekosystem och för människorna som bor i anslutning till dammen och vars liv förändras av 

dammbygget. Många människor tvingas flytta och lämna sina hem. 

För att förhindra översvämningar, flodbankserosioner eller jordskred i anslutning till en 

megadamm så behövs grundliga undersökningar av miljöpåverkningarna som 

dammkonstruktionen orsakar. En nyckelparameter i sådana undersökningar är 

flodhastigheten. 

Målet med detta examensarbete är att genom experimentella mätningar och numeriska 

simuleringar bestämma flodhastigheten nedströms vattenkraftstationen Xiluodu. Xiluodu 

dammen är en megadamm under konstruktion i Kina som kommer att ha en kapacitet på 12 

600 MW när den är står färdig. Experimenten har genomförts på en modell av Xiluodu 

dammen, byggd i skala 1:100 vid Tsinghua Universitet i Peking, Kina. 

Hastighetsprofilen visar att hastigheten är som störst i mitten av floden och lägre vid 

flodkanterna och vid ytan. Jämförelser mellan uppmätta och simulerade värden visar en 

skillnad på mindre än 20 % i nästan alla mätpunkter vilket kan anses som ett bra resultat. I 

de punkter där skillnaderna är större än 20 % anses detta bero på mätpunkternas placering. 

En del av dessa har varit placerade nära virvlar och en del nära flodbanken. Detta blir ett 

problem eftersom de topografiska mätpunkterna som simuleringarna bygger på är mätt för 

glest och fel uppstår vid linjär interpolering.  

För att åstadkomma bättre resultat i en framtida studie av liknande slag bör topografin 

mätas tätare och bättre randvillkor för simuleringarna bör anges. Fler mätpunkter för 

vattenhastigheten kan också ge bättre resultat. 

  



 
 

摘要 

水电是一种比其它很多方式更环保的发电方法。但是建设巨型电站对生态环境有一定

的危害，包括改变当地人们的生活。为了更好地阻止洪水、河道侵蚀和滑坡的发生，

有必要对建设大坝可能产生的环境影响进行研究，这其中最重要的一个方面就是研究

河道的流量、流速特性。 

本论文通过试验和数值两方面对溪洛渡下游河道的流速情况进行分析。溪洛渡是中国

一个正在建设中的巨型大坝，总装机容量 12 600MW。试验是在清华大学水利水电工程

系的溪洛渡模型上进行的，模型比尺 1:100。  

流速结果表明河道中心处的流速大于岸边的流速，同时也大于河道表面的流速。试验

和数值模拟结果相差基本保持在 20%以内。相差大于 20%的点主要是由于太靠近漩涡

或者太靠近岸边。测量的地形点有限和生成地形时采用线性插值都会使数值模拟时在

这些点产生较大的误差。 

因此，为了提高数值模拟精度，更详细的地形数据和更好的流量边界应该被给定，同

时试验时较长的采样时间和更多的采样点也能够改进结果。  
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1. Introduction 

1.1 Background 

China has experienced a rapid social and economical development during the last decades. 

The need for electric power increases steadily, and to meet the requirements new 

hydropower plants are being planned and built. 

In the Jinsha river, a system of several dams are about to be constructed. One of the 

hydropower projects is the Xiluodu dam, a mega dam that will be one of the world’s largest. 

Figure 1.1 - Overview of Jinsha river project in combination with Yangtze River project [1] 
 

Whether to build, or rebuild, a dam, it is very important that the design and the 

hydrodynamics have been carefully studied. The hydrodynamics can be examined in a 

physical model, numerically or in a combination of both. In this report the hydrodynamics of 

the river flow downstream the Xiluodu dam has been investigated physically with a scale 

model and numerically by simulations.  

 

1.2 Objective 

The objective of this report is to obtain the velocity distribution downstream the Xiluodu 

hydropower station. The results can be used in order to control riverbank erosion or 

investigate sediment and pollution transports.  
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1.3 Work structure 

The work has been performed at the hydraulics laboratory, Tsinghua University, Beijing. A 

physical scale model of the Xiluodu dam has served as a base for the study. Measurements 

of the flow velocities were made in the model. Some of the measurement data were used as 

input to create a numerical model while the rest were used for validation of the simulated 

flow.  

 

1.4 Delimitation 

The first chapter of this thesis focuses on giving a background to hydropower in China and 

the Xiluodu dam. After the introduction follow the hydrodynamic theory which the 

numerical simulations are based on and some theory about the velocity measuring 

equipment.  

The experimental work treats topography and velocity measurements together with 

complications from the measurements on the Xiluodu model. The simulation part includes 

both preparatory treatment of data and the performance of the simulations. The results are 

a description of the measured velocities and the difference between measured and 

simulated values. Finally the results are validated, sources of errors are discussed and 

conclusions are made.  
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2. Project description    

To improve safety and efficiency, while reducing environmental impact, the study of models 

can facilitate the work significantly. A model can provide prototype conditions for both 

experiments and simulations. Model studies can affirm or neglect results of prior 

investigations to a considerably lower cost and environmental impact than prototype studies. 

In fact the flow is impossible to simulate correctly at for example the outlet because it is too 

irregular. That is why studies of models are invaluable in order to understand or predict the 

flow more accurately.   

This report is based on both experiments and simulations to measure the flow velocities 

during different flow discharges. The measurements have been performed on a model of 

Xiluodu hydropower plant at Department of Hydraulics, Tsinghua University, Beijing, China. 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 Department of Hydraulics, Tsinghua University 
 

An electromagnetic current velocity meter has been used in the experimental 

measurements. Velocities has been recorded in the model river downstream the 

hydropower station. Measurements were used for calibration and validation of the 

numerical model.    

The flow velocity in a river is a fundamental unit. It serves as an important base for almost all 

studies concerning environmental impact, river bank erosion or safety in the river 

surroundings.  

The model of the Xiluodu dam is in scale 1:100. For all directions in this report, left or right 

regardless if it’s the model or the prototype, the beholder should always face downstream 

the river.  
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2.1 Dams     

A dam is a physical construction that separates the water level in a watercourse. The reasons 

for constructing dams are storage, energy production, control or diversion of the water. 

Stored water can be used for irrigation or drinking. Controlled rivers can prevent or decrease 

floods further downstream. 37 % of all dams in the world are built for irrigation possibilities 

and 16 % are built for producing electric power. 20 % of all electric power produced in the 

world comes from hydropower. 

The majority of all dams have been constructed in China, USA and Russia [2]. 

Dams can be classified as embankment dams, concrete dams, timber dams or masonry dams. 

All these classifications have different subtypes. For example an embankment dam can be a 

rock-filled dam or an earthfilled dam depending what the filling mainly consists of [3].  

Concrete dams can be divided into gravitational dams and arch dams. In the vertical 

direction, gravitational dams transfer the horizontal hydrostatic pressure down to the 

ground [3].  

In an arch dam, the stability is maintained through a combination of gravity and arch forces 

[3]. 

The hydrostatic pressure is mainly distributed in horizontal direction in concrete arch dams. 

The shape of the arch construction transfers this pressure towards the bedrock along the 

shorelines. Since the pressure can become significantly high, this requires strong bedrock [3].  

Arch dams are most suitable in narrow and steep valleys [3].  

 

2.2 Hydropower in China 

More than 1.3 billion people live in the Peoples Republic of China [4]. The great number of 

inhabitants in combination with the fastest economic growth in the world after 1978 calls for 

big energy needs [5]. As living standards improve, electric power shortage and pollution 

problems follow. Great challenges stand before the world’s most populated country and the 

third largest country by area [4].  

80 % of Chinas electric power is produced from coal power and the country has enough coal 

to be self-supplied for the next 250 years with constant usage [6]. However, the coal in China 

is not excavated rapidly enough for Chinas coal usage. To ensure the coverage of the electric 

power, China has to import coal. But nevertheless electric power shortages are common, 

and in general, the energy production areas are distant from the consumption areas. Coal 

power also has a major negative environmental impact. These are main reasons for the 

country´s great investments in renewable energy [6].  
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More than 40 000 large dams (height > 15 m) have been built in the world and more than 50 % 

(22 000) of them are situated in the Peoples Republic of China [7]. 

 

2.3 Mega dams 

A mega dam is built at a larger scale than a normal dam. Xiluodu will be a mega dam. The 

advantages of mega dams are irrigation possibilities, flood reduction, storage of drinking 

water, to facilitate shipping and the availability of cheap electric energy [2].  

However, there are major negative effects about mega dams too. The biggest one might be 

the need of forcing people to leave their homes because of the flooding upstream the dam. 

In the long term the effects might be even bigger downstream where the possibilities for 

fishing decreases, the water level becomes lower and the land becomes less fertile as it 

slowly impoverishes when naturally occurring floods becomes absent. The risk for 

waterborne deceases as malaria to spread more widely and easily increases after the 

construction of a dam [2], [8]. 

 

2.4 Jinsha project 

The Jinsha River is situated in the upper stream of the Yangtze River. Many hydropower 

stations are currently being built along the river and when finished it will probably be the 

world’s largest hydroelectric generating system. The Jinsha project is divided into three 

different phases, the upper, middle and lower phase [11].  

Phase one consists of Wudongde Dam (7.4 GW), Baihetan Dam (12.0 GW), Xiluodu Dam(12. 

6 GW) and Xiangjiaba Dam (6.0 GW) who are all situated in the lower Jinsha River. The 

complete phase will have an approximate generating capacity of 38.5 GW when completed 

in 2015 [9]. That is nearly the double capacity of the world’s biggest electric power 

generating plant, Three Gorges dam in China [10]. 

The Jinsha River complex with all three phases will together with Three Gorges in Yangtze 

river have an inapprehensible generating capacity of more than 90 000 MW [11].  

 

2.5 Xiluodu dam   

The Xiluodu dam is a hydropower project in the Jinsha River. The construction of the 

concrete double-curvature arch dam started in December 2005 [12]. The first electric power 

generating unit will be installed in June 2012. The whole Xiluodu project will be completed in 

2015. It will be one of the world’s largest dams with a total electric power generating 

capacity of 12 600 MW. The dam will be 278 m high and have a water storage capacity of 

11.57*106 m3 [13]. 
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The purpose of the dam is not only power generation but also water storage, prevention of 

floods, blockage of sand and facilitating shipping downstream the river [14]. 

However, the building of the dam will have a non-negligible environmental impact. 

Thousands of people have been forced to leave their homes because of the project. Also the 

position of the dam might be in the danger zone from an earthquake perspective. The 

Xiluodu dam was heavily debated among environmentalist years before the construction 

begun [15]. 

 

2.6 Xiluodu model 

The model of the Xiluodu dam is a stable riverbed model i.e. the model is made out of 

concrete so there is no sediment in motion as in the prototype. It is an arch dam with eight 

middle outlets and seven upper outlets. During the measurements described in this report, 

the eight middle outlets were fully opened and the upper ones were closed. The model scale 

is 1:100. 

 
Figure 2.2 - Xiluodu model, the arc dam with eight middle outlets and seven top outlets 

 

2.7 An application of flow velocity information – Preventing riverbank 
erosions 

The shape of a river channel adjusting naturally and varies over time with different discharge. 

When the discharge is exceptionally heavy, the rivers cross-section might not be large 

enough to fit all the water at some locations. This leads to an overtopped river and a 

floodplain [16]. 

Because of friction towards the bed of the river, the velocity generally is largest in the middle 

of the river. In places where the river is curvy, the centripetal force moves the maximum 

velocity towards the outer bend of the river. At the same time, the velocity decreases 
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towards the inner bends where the energy is not enough to transport sediments away. This 

causes depositions of gravels which creates a larger radius and thus increase the centripetal 

force. The highest velocity of the water moves closer to the outer bend and the energy 

increases at this point. Eventually erosions arise on the outer bends undercutting the river 

banks. Erosions mean that material is physically removed from shore. The outer bend of the 

river is reducing while the inner bend is expanding [16]. 

It will take different amount of time for river bank erosions to appear depending on 

vegetation and material of the river bank. It takes longer time if the material is coarse gravel 

instead of soft. Vegetation such as grass and trees creates a net of rootles that help keeping 

sediments and gravels in place. During floods the amount of water and energy in movement 

increases. Every spot of fragility is at great risk of erosion and the effects can be both 

devastating and unpredictable if the river process is not understood and bank reparations 

have not been performed in time or at the right places. Since the flow velocity affects 

riverbank erosion, knowledge of the velocity magnitudes and distribution is vital for 

construction works [16]. 
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 3. Theoretical background 

This chapter describes the theory behind flow behavior and the tools used for 

measurements and simulations.  

 

3.1 Hydrodynamics      

By model measurements and numerical simulations the behavior of the river flow is tried to 

be explained.   

 

3.1.1 Mathematical theory 

Hydrodynamics is the study of liquids in motion [17]. The state of a fluid can be described as 

a function of time and space with complex mathematical equations [18]. 

The fundamental physical laws that govern the science of hydrodynamics are the Navier-

Stokes equations along with the conservation laws for mass and energy [19]. The solutions 

to the equations are two fields, one scalar field for pressure and one vector field for velocity 

[20], see Eq 3.1. 

Navier-Stokes equations are developed from Newton’s second law, the conservation of 

momentum. Navier-Stokes is a set of non-linear partial differential equations describing the 

motion of a fluid by considering the forces acting on a small arbitrary part of the fluid, a 

control volume. Important forces in hydrodynamics are the gravitational force, pressure 

force and viscous force [18]. 

The equations for a general purpose are long and complex. To simplify the process of solving 

them numerically some approximations must be made, depending upon the problem [18]. 

Most common fluids, for instance water, can be approximated as incompressible Newtonian 

fluids. Incompressibility means the density in the control volume does not vary in time and 

space [18]. A Newtonian fluid is characterized by the stress being linearly proportional to the 

rate of deformation. The proportionality constant is the viscosity [19]. 

Based on this the Navier-Stokes equations can, in Cartesian coordinates, be written as 

follows [18]: 

Momentum equations: 
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       fluid velocity in x, y and z dimension 

   time 

   fluid density 

    pressure 

   viscosity  

       external forces  

 

The left side of the equations describes forces on the control volume. There are pressure, 

viscosity and external forces. The external forces depend on the situation.  The right side of 

the equations describes acceleration [18].   

The Navier-Stokes equations are to be combined with conservation laws for mass and 

energy. For incompressible fluids though, the energy equation becomes redundant [20].   

The continuity equation describes the mass conservation by looking at the flow of mass 

through a control volume. For incompressible flow the continuity equation is [18]: 

 

Continuity equation for incompressible flow: 

                  

 

3.1.2 Scale 

As opposed to numerical modeling, a scale model can be used to investigate hydrodynamic 

phenomena physically. Hydraulic modeling is based on the conformance between reality, i.e. 

the prototype, and the model. The relation of hydraulic characteristics between prototype 

and model is usually linear. For free surface waters, like rivers, where the dominant force is 

gravitation, the Froude scaling law can be applied. Froude scaling is based on the fact that 

the gravitational acceleration is identical for both model and prototype [20]. 

The Xiluodu model is in scale 1:100. This gives the Froude scaling constant, λ, equal to 100. 

Scaling relationships between prototype, p, and model, m, used in the report is [21]: 

 

        length 

        volume 

          time 

          velocity 

          flow  

          pressure  
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Although there are scaling laws for transformations between prototype and model, 

differences between the two will still arise. They are so-called scale effects and their origin is 

within non-similarity. Dimensionless numbers cannot be scaled linearly. Roughness is an 

example of a dimensionless number causing scale effects. It describes the bottom friction 

which is different for the model and the prototype. Other parameters causing scale effects 

are fluid viscosity and inertial forces, surface tension and turbulence at the boundaries of the 

flow [20].  

Sometimes scale effects can be neglected, but they need to be kept in mind when modeling. 

Parameters may need to be adjusted by trial and error [20]. 

 

3.2 Tools 

Several tools have been used during the project. A velocity meter served to register flow 

velocities, the software Tecplot was used to create coherent topography of the river bed, 

and the numerical simulations were done in the Environmental Fluid Dynamics Computer 

Code, (EFDC) [25].     

  

3.2.1 Velocity meter    

The electromagnetic current velocity sensor is based on Faradays law “a change in magnetic 

flux induces a current in a loop of conducting material” [22]. According to Faradays law the 

signal voltage, E, is proportional to the average water velocity, v, the magnetic field strength, 

B, and the distance between the electrodes,  ,         [28].  

Water is a conductive material consisting of ions. The ions move in a plane perpendicular 

towards the magnetic flux lines that surround the velocity sensor. The ions become attracted 

to the electrodes of the probe and a potential between the electrodes occurs. This voltage is 

measurable and proportional to the velocity of the water which makes the velocity a 

measurable unit. If the velocity increases the induced voltage will also increase [23]. See 

velocity meter in appendix 2.  

A digital output makes it possible to control and receive the results immediately via the 

interface on a PC. The system has the possibility to connect four different instruments at the 

same time and also gives an analog output but in these experiments one single velocity 

sensor was used. Maximum sampling rate depends on the PC’s capacity [22]. See 

specifications for interface and velocity meter equipments in appendix 2. 
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3.2.2 Tecplot, Ultra Edit and FORTRAN    

The software Tecplot can make it easier to analyze, explore and understand complex data. It 

can be used to visualize measured data or simulations of computational fluid dynamics [24]. 

In this work, Tecplot has served to plot the topography of the river bed.  

Measured data points of the river topography can be inserted in a Cartesian grid of cells. By 

linear interpolation, the points are linked together, creating a bottom structure.   

EFDC needs information about the topography to the flow simulations. The software cannot 

directly use the information from Tecplot. By implementing the Tecplot file in a FORTRAN 

code created to build input files for EFDC, the information gets available for the simulation 

software. FORTRAN is a programming language that will not be described further in this 

report. 

From the Tecplot file, the FORTRAN code converts the topography data to fit the EFDC. The 

coordinates are transformed from Cartesian to curvilinear orthogonal coordinates in the 

horizontal and sigma coordinates in the vertical (see chapter 3.2.3). Furthermore, 

information about water surface elevation and bottom roughness need to be stated in the 

data.  

Besides the topographic input files, EFDC needs a master input file with information about 

run control parameters, output control, model domain and external forcing functions. 

Both the FORTRAN file and the master input file are pre written codes. Some manual 

changes, though, need to be done in all input files, using the text editor UltraEdit.  

 

3.2.3 EFDC     

The Environmental Fluid Dynamics Computer Code, EFDC, is a general-purpose 

computational model designed to describe motions of natural surface waters and transport 

of substances influencing the environment. The code includes four modules treating 

hydrodynamics, water quality, sediment transport and toxics separately. The hydrodynamic 

module computes parameters such as flow velocities, and works as a base for the 

environmental analysis [25]. 

EFDC manage to simulate three-dimensional, time-dependent turbulent flows. The 

hydrodynamic code is mathematically based upon the Navier-Stokes momentum equations, 

coupled with the continuity equation, (see chapter 3.1.1) [25].  

The governing equations for the hydrodynamic part of EFDC are [25]:  
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Momentum equations: 

                                                         

                                      
          

 

                                                         

                                      
          

 

Hydrostatic equation:  

                 

 

Continuity equation: 

                                  

  the Jacobian of the metric tensor determinant,           

     square roots of the diagonal components of the metric tensor 

      Reynolds time-averaged velocities in x,y and z dimension 

  time 

  water depth,       

   bottom elevation 

  surface elevation 

  pressure 

  gravitational acceleration 

  Coriolis force  

   vertical turbulent or eddy viscosity 

     momentum source-sink terms in x and y dimension 

    reference density 

   physical density   

 

EFDC is based on a turbulence model simpler than the full time-dependent Navier-Stokes 

equations. To deal with turbulence, the instantaneous velocities in Navier-Stokes are 

transformed by Reynolds law to one time-averaged part and one fluctuating part [20]:   

 

                            

  

   Instantaneous velocity  

   Position vector,            

   Time 

   Time-averaged velocity component 

    Fluctuating velocity component 
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Except the Reynolds transformation, the equations have been adjusted to a curvilinear 

orthogonal coordinate system in the horizontal plane and with a dimensionless sigma 

coordinate in the vertical. Some assumptions and approximations also have been done to 

simplify the calculations [25].  

One approximation is Boussinesq eddy viscosity assumption. The equations are valid only for 

flows that can be represented by those approximations [25].  

EFDC is a quasi-3D model. The water body is treated as a set of horizontal layers, interacting 

with each other via source-sink terms representing water exchanges. For each layer the 

hydrostatic approximation can be applied, reducing the momentum equation in vertical to 

the hydrostatic equation [19]. 

The gravitational force per area    and the Coriolis force   are external forces. The Coriolis 

force is a consequence of the earth spinning and needed when calculating big systems. In 

this project the Coriolis force is neglected because the flow is only studied in a relatively 

small part of the river [20].  

Simple water bodies can be illustrated by ordinary Cartesian coordinates. Most natural 

waters though, have complex irregular shorelines and if Cartesian coordinates were used, 

the number of grid cells would need to be very high if the system should be described in 

detail. A better way for such flows is to write the hydrodynamic equations in curvilinear 

coordinates in the horizontal plane. The x- and y-axis then can be placed to fit the shape of 

the water body [19]. The vertical z-axis, though, representing the depth, usually is better 

modeled by a sigma coordinate. The sigma coordinate is a transformation from the Cartesian 

coordinate. The sigma coordinates are stretched, giving a smooth representation of the 

bathymetry and same order of accuracy in shallow and deep parts of the water. The sigma 

coordinate provides a uniform resolution in the vertical. Every point at the physical bottom 

surface is given the value zero in the sigma coordinate, and points at the water surface are 

given the value of one [19]. 

                

 

   stretched dimensionless vertical coordinate, sigma  

    physical vertical coordinate, Cartesian 

  physical vertical coordinate at the bottom surface, negative, Cartesian 

  physical vertical coordinate at the water surface, Cartesian      
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Figure 3.1 – Transformation from Cartesian coordinates to sigma coordinates [19] 
 

The coordinate system should have orthogonal axes to facilitate transformation from and to 

Cartesian system.  

The metric tensor in the equations describes distances between tensors. A tensor is an entity 

that can hold numerous of information. A tensor of order 0 is a scalar and a tensor of order 1 

is a vector [26]. 
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4. Experiment and simulation performance 

Measurements of topography and flow velocity were performed in the model of the Xiluodu 

dam. The topography data and the measured calibration data were used to create a 

numerical simulation of the river flow in the software EFDC. Remaining velocity 

measurements were used as validation data for the numerical model. 

Figure 4.1 - Flowchart over the work 

 

4.1 Experiment     

After preparatory work with creating a reference system and proper topography data the 

velocity measurements started. All experiments were performed with the spillways closed 

and a common flow discharge through the eight middle outlets in the dam (a one-year-flow). 

Seven experiments were carried out, among the first five were discarded due to reasons 

discussed in chapter 4.1.4. Experiment 6 was performed with a flow discharge of 11816.6 

m3/s and experiment 7 with 11145.5 m3/s. It is upon these experimental measurements that 

the results of this report are based. 

  

4.1.1 Reference system  

The laboratory work is based on a reference system determined from measurements of the 

Xiluodu model (see figure 4.2). The same reference system has been used during all 

experiments. A three dimensional Cartesian coordinate system has been used as reference 

system. The x-y plane is horizontal with the y-axis along the river flow and the z-axis is in the 

vertical direction along the rivers cross-section.  

The riverbed in the model is about 3 m wide (x-axis), with water covering about 1 m in the 

middle. In the right side of the river bed, the zero point of the x-axis is situated while the 
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zero point of the y-axis is set at the dam outlet. The river in the model extends to about y=22 

m. During the experiments, the zero point for the z-axis was at the water surface. The z-

coordinates in the simulations and the report are transformed into elevation; meters above 

sea level, masl. 

 
 Figure 4.2 - Reference system of Xiluodu model 
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4.1.2 Topography  

Topography data of the model river was initially given, as a base for the simulations. 

However, it was noticed that the pre specified topography data was incorrect. Topography 

measurements were hence required.  

Equipment available for the measurements was dipstick and measuring tape. The cross-

sectional topography of the river was measured from y=13.6 m to y=20.0 m, an interval 

which contained all velocity measurements. The idea was to measure the bottom elevation 

every ten centimeter in x-direction, and every meter in y-direction. Two extra measurements 

were made at the cross-sections y=17.6 m and y=18.3 m. Topography data is given in 

appendix 1.  

 

4.1.3 Velocity measurements   

The equipments used for the measurements of the experimental part were a 2-axis 

electromagnetic current velocity meter, a 4CM-4IF interface and a PC with complementing 

software, WinLabEM.  

First the velocity instrument got calibrated by placing the sensor vertically in still water to 

identify zero velocity. After that spillway gates were closed and the dam was filled up after 

the pumps had been switched on. When the dam was full, the eight middle outlets were 

opened. The measurements started after the flow had stabilized.  

The sensor was placed in the flowing water, orientated in the y dimension. The instrument 

manages to measure different parameters, but for this report only velocity in y dimension 

was desired. Velocities were measured in cross-sections at y=13.6, 17.6, 18.3 and 19.0 m for 

every ten cm in x dimension and at 5, 10 and 15 cm respectively below the water surface.  

The cross section closest to the dam at y=13.6 m, lies only 1 m upstream the spillway outlets. 

Measures values at this cross section were used for setting boundary conditions. At a 

distance below the spillways, velocity measurements for validation of the simulation model 

were recorded.  

Because of leaking spillways (see section 4.1.4) no velocity measurements were made near 

the spillway outlets.  

Measurements of the velocity could not be done deeper than 15 cm in the water because 

the river flow was so strong that the velocity meter started to vibrate.  

The recorded velocities were saved through the graphic interface in both raw and excel 

format. The data files contained numerous of instant values at every measured point.  
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4.1.4 Complications 

Experiment 1 was merely a test experiment. Its purpose was to learn how to run the huge 

model and how to perform the measurements. During this experiment, it was discovered 

that the spillway gates were broken. Although the gates were closed, water ran through and 

affected the flow in the river. During a few days the spillway gates got repaired. The 

difference before and after reparation can be seen in appendix 3. 

With hope that the spillway leakage would be negligible, experiments 2 and 3 were 

performed, with more accuracy and the aim to achieve good results. Simulations were made, 

based on the measured values, but the comparison between simulation results and 

validation measurements were not good enough. The initially given topography data was 

discovered to be wrong and new topography data was measured, manually.  

Experiment 4 and 5 were performed, with new measurements and simulations. The results 

were better, but still not consistent enough. At the end of the model river, a bump had been 

built to decrease the velocity before the water left the model into a basin. Also, pieces of 

wooden planks had been placed in the river outlet to slow down the water. The bump and 

wood did not exist in reality or in simulation topography and were therefore believed to 

cause an untrue flow. The bump and the wood were removed during a couple of week’s 

repairing. See appendix 6. 

After the removal of the bump and woods, the velocity of the water increased significantly, 

while the water surface level decreased. During previous experiments the bottom of the 

model river had been covered in sand. A larger flow made the sand move in the model which 

affected both topography and velocity. Manually with shovels, the model was emptied of 

sand in the area where the measurements were performed (from y=13 m to y=22 m), see 

appendix 5. Since the previous topography had been measured with sand at the bottom of 

the river, the topography had to be measured again. 

The last two experiments were then performed, experiment 6 and 7, which are both base to 

this report. 

 

4.2 Simulation     

Numerous simulations were performed using data from experiment 6 and 7after 

preprocessing of data, establishment of parameters and boundary specifications. The 

parameters were changed many times to improve the result from the simulating procedure. 
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4.2.1 Preprocess of data 

Measured topography data was loaded into Tecplot and linear interpolation was used to 

create a continuous area. The horizontal riverbed could then be visualized in Tecplot. The 

plane was covered by a Cartesian grid of quadratic cells with the side five meters. 

 
Figure 4.3 - Tecplot topography of Xiluodu River, prototype scale 

 
The output data from Tecplot was preprocessed and converted using a FORTRAN  and 

UltraEdit code, before implemented in EFDC.  

EFDC further requires boundary conditions. The upstream boundary conditions were 

specified by measured values of the flow velocity at y=1360 m. The velocity meter recorded 

numerous instant values at every point and an average was calculated in each point (See 

4.2.2). Downstream boundaries were set by measured water pressure. Up- and downstream 

boundary conditions together with the topography were used to create the total boundary.  

 

4.2.2 Establish parameters  

The EFDC interface has a number of tabs where different settings can be made for different 

kinds of simulation projects. In general parameters have been set for the coordinate grid and 

hydrodynamics. The parameters have been changed and tested throughout several 

simulations in order to find the optimal settings. 
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 Figure 4.4 - EFDC with lots of tabs and settings to be made before simulating velocity 
 

The coordinate system and topography were imported to EFDC through the preprocessed 

input files. The water body of the river was divided into ten horizontal layers in the interface. 

Looking at the river’s cross-section, each vertical grid column got fractionated and the 

varying bathymetry caused different height to each column.   

 

    Figure 4.5 - Grid profile: Cross section of river at y=1360 m 



21 
 

A greater number of horizontal layers make the calculations more detailed, but also requires more 

computing capacity.  

The hydrodynamic settings include parameters for the turbulence model. 

 

4.2.3 Boundary and initial conditions  

Time-dependent simulations required initial conditions for the state of the system at time 

zero. The water body is bound by bottom topography (which is made of concrete in the 

model) and the water surface in the horizontal. An initial value for the water surface was 

given. In the upstream and downstream cross-sections, boundaries were set to the water 

flow at y=1360 m and the pressure at y=2000 m.  

The upstream boundary cells at y=1360 m, were all given a value of the flow passing through. 

This flow was constant throughout each simulation as was the discharge during each model 

experiment. The flow was calculated by hand from measured velocities in the model at this 

cross section of the river. At first, each cell was given a specific flow value. This was a very 

time consuming procedure. A faster method was also tested by giving all cells in the middle 

of the stream a mean value of the velocity. The cells adjacent to the bottom surface were set 

to half the stream velocity, according to the velocity profile. The difference was very small, 

probably due to problems with flow boundary settings in EFDC discussed in chapter 6.2.1, 

and therefore the faster method was decided good enough to be used.  

The cell flow was calculated as the velocity times the cell area. The flow through all cells 

needed to be adjusted to correspond with the actual flow discharge. The flow discharge 

which is valid for both model and prototype was calculated by [20]: 

 

                    

 

  = flow discharge [m3/s]  

  = head [m] 

                                  = discharge coefficient 

 

              = weir width [m] 

              = weir height [m]   

 

The downstream boundary was set by the pressure i.e. water surface elevation. The initial 

value of the pressure at time zero was set to a higher value than the actual measured value, 

so the model could ease down and numerically stabilize on the real surface elevation. 
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4.2.4 Simulation output  

The time for a simulation run to be complete was tested. Every simulation run lasted until 

enough data had been processed for the output value to converge into a stable result. The 

computing capacity was the limitation for how long time a simulation took and therefore the 

time below is only presented as time unit on the x-axis. 

 

    Figure 4.6 – Simulated velocity from single cell in the middle of river 

 

    Figure 4.7 – Simulated velocity from single cell in vortex 

 



23 
 

Figure 4.6 and 4.7 presents the simulation procedure for two single cells. The cell in figure 

4.6 is situated in the middle of the river where a more laminar flow appears. The cell in 4.7 is 

situated in a vortex where the flow is much more turbulent. Both cells present a stable result 

after 0.7- 0.8 time units. A great number of cells were controlled and they all converged 

after equally long runtime. 

The output from the simulations below show the river flow with velocity vectors calculated 

as an average for all layers. It is also possible to study the velocity in each separate fluid layer 

and cell. 

 

  Figure 4.8 – Averaged velocity vectors from all layers, experiment 6 

 

 

   Figure 4.9 – Averaged velocity vectors from all layers, experiment 7  

 

About 50 simulations were performed on experiment 6 and 7 with different settings. The 

output for the best simulations needed to be studied carefully. The validation data used 

were the experimentally measured velocities. Velocity measurements were taken at 60 

points. The simulated velocities at these points were compared with the measured ones.  
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Many simulations were easy to deselect by just looking at the average flow. If the average 

velocity differed too much between simulation and validation, no more studies were done 

on the output. The best simulations though were studied at every point. Most of them had 

the same kind of pattern and differed less than 20% at several points. The one model chosen 

fitted experiment 6 best of all models and was for experiment 7 among the top five. No 

other model fitted both experiments as well. The model fitting experiment 7 best was 

significantly better only in one point (at cross-section y=1830 m, depth z=15 m and the x-

coordinate x=131 m). The output difference for the models was 8% in that specific point.         
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5. Result 

5.1 Result from measurements in the model  

Below are the velocities from measurement 6 and 7 presented at three different cross-

sections of the river. These cross-sections are downstream at 13.6, 17.6, 18.3 and 19.0 m in 

the Xiluodu model.  

The measured velocities are presented for three different depths for both experiments 6 and 

7. The depths are at 5 cm, 10 cm and 15 cm below the water surface.  

To give a more clear result, the topography data has been inserted for each cross-section to 

make the interpretation of where the velocities are highest in the river easy. 
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Figure 5.1 - Cross-section of river at y=1360 m showing measured velocities at different depths 

 

 

Figure 5.2 - Cross-section of river at y=1360 m showing measured velocities at different depths 
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Figure 5.3 - Cross-section of river at y=1760 m showing measured velocities at different depths 

 

Figure 5.4 - Cross-section of river at y=1760 m showing measured velocities at different depths 
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Figure 5.5 - Cross-section of river at y=1830 m showing measured velocities at different depths 

 

 
Figure 5.6 - Cross-section of river at y=1830 m showing measured velocities at different depths 
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Figure 5.7 - Cross-section of river at y=1900 m showing measured velocities at different depths 

 

 

Figure 5.8 - Cross-section of river at y=1900 m showing measured velocities at different depths 
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5.2 Comparison between measured and simulated data       

To get an idea of how well the simulations correspond to the experimental data, 

comparisons between the velocities have been made at the same cross-sections of the 

downstream river as above.  

Three comparisons have been made for each cross-section, one for each depth.  

To give a better review of the comparisons and to minimize the number of plots, the 

measurements and simulations from experiment 6 and experiment 7 are inserted in the 

same plots. 

Both simulation 6 and 7 have the same boundaries, topography and parameters in EFDC and 

FORTRAN. 

Remarked values means that the measured points are situated near the bottom (B), within a 

vortex (V), or that the difference between simulated and measured value is more than 20 % 

by an uncertain reason (U). 

Exp = Experiment number 

Meas = Measured values 

Sim = Simulated values 

Diff = Difference between simulated and measured value 

Diff [%] = Diff/Meas 

Remarks: 

B = Measured point situated close to bottom 

V = Measured point within a vortex 

U = Diff [%] larger than 20 by uncertain reason  
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Figure 5.9 - Comparison between measured and simulated velocities at y = 1760m, z = 5m 

 

 

Exp x [m] Meas [m/s] Sim [m/s] Diff Diff [%] Remark 

6 181,5 6,32 4,07 -2,25 -36% B 

 171,5 6,84 8,40 1,56 23% U 

 161,5 6,89 8,50 1,61 23% U 

 151,5 7,14 8,44 1,30 18%  

 141,5 7,28 8,20 0,92 13%  

 131,5 7,09 7,47 0,38 5%  

7 181,5 6,45 5,44 -1,01 -16% B 

 171,5 7,04 8,15 1,12 16%  

 161,5 7,42 8,25 0,83 11%  

 151,5 7,25 8,23 0,97 13%  

 141,5 6,95 8,18 1,22 18%  

 131,5 6,61 7,58 0,96 15%  

Table 5.1 – Comparison between measured and simulated velocities at y = 1760m, z = 5m 
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Figure 5.10 - Comparison between measured and simulated velocities at y = 1760m, z = 10m 

 

 

Exp x [m] Meas [m/s] Sim [m/s] Diff Diff [%] Remark 

6 176,5 7,51 7,37 -0,13 -2% B 

 166,5 7,54 8,49 0,95 13%  

 156,5 7,52 8,49 0,97 13%  

 146,5 7,63 8,36 0,73 10%  

 136,5 7,40 7,89 0,49 7%  

 126,5 6,95 7,05 0,10 1%  

7 176,5 7,22 7,16 -0,06 -1%  

 166,5 7,88 8,23 0,35 4%  

 156,5 7,74 8,24 0,50 6%  

 146,5 7,35 8,21 0,86 12%  

 136,5 7,01 7,98 0,97 14%  

 126,5 6,35 7,30 0,95 15%  

 

Table 5.2 – Comparison between measured and simulated velocities at y = 1760m, z = 10m  
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Figure 5.11 - Comparison between measured and simulated velocities at y = 1760m, z = 15m 

 
 
 
 

 

Exp x [m] Meas [m/s] Sim [m/s] Diff Diff [%] Remark 

6 176,5 7,52 5,28 -2,25 -30% U 

 166,5 7,80 8,48 0,68 9%  

 156,5 7,95 8,49 0,54 7%  

 146,5 7,94 8,36 0,43 5%  

 136,5 7,32 7,96 0,64 9%  

7 176,5 7,25 5,12 -2,13 -29% B 

 166,5 8,06 8,22 0,17 2%  

 156,5 7,75 8,24 0,49 6%  

 146,5 7,26 8,21 0,95 13%  

 136,5 6,89 8,07 1,18 17%  
 

Table 5.3 – Comparison between measured and simulated velocities at y = 1760m, z = 15m 
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Figure 5.12 - Comparison between measured and simulated velocities at y = 1830m, z = 5m 

 
 
 
 

 

Exp x [m] Meas [m/s] Sim [m/s] Diff Diff [%] Remark 

6 186,5 5,73 4,94 -0,79 -14%  

 176,5 6,37 7,11 0,75 12%  

 166,5 6,62 7,48 0,87 13%  

 156,5 6,65 7,56 0,91 14%  

 146,5 6,98 7,41 0,43 6%  

 136,5 6,35 6,80 0,45 7%  

 126,5 1,62 5,72 4,10 252% V 

7 191,5 3,72 1,53 -2,19 -59% B 

 181,5 6,46 6,33 -0,13 -2%  

 171,5 6,65 7,10 0,45 7%  

 161,5 6,89 7,30 0,41 6%  

 151,5 7,04 7,33 0,29 4%  

 141,5 6,53 7,19 0,66 10%  

 131,5 4,40 6,46 2,06 47% V 

 121,5 -1,40 4,86 6,26 -447% V 
 

Table 5.4 – Comparison between measured and simulated velocities at y = 1830m, z = 5m 
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Figure 5.13 - Comparison between measured and simulated velocities at y = 1830m, z = 10m 

 
 
 
 
 

 

Exp x [m] Meas [m/s] Sim [m/s] Diff Diff [%] Remark 

6 186,5 5,22 2,34 -2,89 -55% B 

 176,5 7,12 7,04 -0,09 -1%  

 166,5 7,12 7,48 0,37 5%  

 156,5 6,90 7,56 0,66 10%  

 146,5 7,23 7,40 0,18 2%  

 136,5 6,91 6,79 -0,12 -2%  

 126,5 0,91 5,76 4,85 536% U 

7 186,5 5,17 2,22 -2,95 -57% B 

 176,5 6,98 6,80 -0,18 -3%  

 166,5 7,31 7,23 -0,08 -1%  

 156,5 7,31 7,33 0,02 0%  

 146,5 6,94 7,30 0,36 5%  

 136,5 6,46 6,93 0,46 7%  

 126,5 2,20 6,06 3,86 176% U 
 

Table 5.5 – Comparison between measured and simulated velocities at y = 1830 m, z = 10m 
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Figure 5.14 - Comparison between measured and simulated velocities at y = 1830m, z = 15m 

 
 
 
 
 

 

Exp x [m] Meas [m/s] Sim [m/s] Diff Diff [%] Remark 

6 181,5 6,47 3,03 -3,44 -53% B 

 171,5 7,36 7,29 -0,07 -1%  

 161,5 7,36 7,88 0,52 7%  

 151,5 7,37 7,52 0,15 2%  

 141,5 7,31 7,18 -0,13 -2%  

 131,5 5,52 6,48 0,96 17%  

7 181,5 6,08 2,88 -3,21 -53% B 

 171,5 7,17 7,04 -0,14 -2%  

 161,5 7,19 7,30 0,11 1%  

 151,5 6,92 7,33 0,41 6%  

 141,5 6,60 7,21 0,60 9%  

 131,5 5,59 6,75 1,15 21% U 

 

Table 5.6 – Comparison between measured and simulated velocities at y = 1830m, z = 15m 
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Figure 5.15 - Comparison between measured and simulated velocities at y = 1900m, z = 5m 

 

 

Exp x [m] Meas [m/s] Sim [m/s] Diff Diff [%] Remark 

6 191,5 4,53 3,25 -1,29 -28% B,V 

 181,5 5,50 6,22 0,71 13%  

 171,5 5,76 6,75 0,99 17%  

 161,5 5,94 6,92 0,98 17%  

 151,5 5,66 6,87 1,21 21% V 

 141,5 5,28 6,47 1,18 22% V 

 131,5 4,07 5,57 1,50 37% V 

 121,5 3,54 3,82 0,28 8% V 

 111,5 1,00 0,53 -0,47 -47% B 

7 191,5 4,63 3,01 -1,62 -35% B 

 181,5 5,61 5,96 0,35 6%  

 171,5 6,04 6,48 0,44 7%  

 161,5 6,20 6,66 0,46 7%  

 151,5 6,12 6,68 0,56 9% V 

 141,5 5,66 6,47 0,82 14% V 

 131,5 4,33 5,67 1,34 31% V 

 121,5 3,26 4,13 0,87 27% V 

 111,5 1,26 0,89 -0,37 -30% B 

 

Table 5.7 – Comparison between measured and simulated velocities at y = 1900m, z = 5m 
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Figure 5.16 - Comparison between measured and simulated velocities at y = 1900m, z = 10m 

 

 

 

 

Exp x [m] Meas [m/s] Sim [m/s] Diff Diff [%] Remark 

6 186,5 4,41 4,15 -0,26 -6%  

 176,5 6,33 6,53 0,20 3%  

 166,5 6,54 6,87 0,32 5%  

 156,5 6,37 6,92 0,56 9%  

 146,5 6,13 6,72 0,59 10%  

 136,5 5,59 6,09 0,51 9%  

 126,5 4,49 5,00 0,51 11%  

 116,5 1,90 0,77 -1,13 -60% B 

7 186,5 5,03 3,39 -1,65 -33% U 

 176,5 6,33 6,27 -0,06 -1%  

 166,5 6,53 6,59 0,06 1%  

 156,5 6,38 6,68 0,30 5%  

 146,5 6,03 6,62 0,59 10%  

 136,5 5,61 6,23 0,62 11%  

 126,5 4,76 5,32 0,56 12%  

 116,5 2,54 1,06 -1,47 -58% B 

 

Table 5.8 – Comparison between measured and simulated velocities at y = 1900m, z = 10m 
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Figure 5.17 - Comparison between measured and simulated velocities at y = 1900m, z = 15m 

 
 
 
 

 

Exp x [m] Meas [m/s] Sim [m/s] Diff Diff [%] Remark 

6 186,5 3,96 2,16 -1,80 -45% B 

 176,5 6,53 6,23 -0,30 -5%  

 166,5 6,47 6,86 0,39 6%  

 156,5 6,50 6,92 0,42 6%  

 146,5 6,21 6,74 0,53 9%  

 136,5 5,77 6,15 0,38 7%  

 126,5 4,76 4,85 0,09 2%  

7 186,5 4,09 2,01 -2,08 -51% B 

 176,5 6,21 5,95 -0,25 -4%  

 166,5 6,42 6,59 0,16 3%  

 156,5 6,22 6,68 0,46 7%  

 146,5 5,87 6,63 0,76 13%  

 136,5 5,67 6,32 0,65 11%  

 126,5 4,56 5,24 0,67 15%  

 

Table 5.9 – Comparison between measured and simulated velocities at y = 1900m, z = 15m 
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6. Discussion 

6.1 Validation of results 

From the charts in section 5.1, the velocity profiles from experiment 6 shows that velocities 

are highest at z = 15 m depth and in the middle of the river (x positions between x = 140 and 

x = 180 m) for all four cross-sections (at y = 1360, 1760, 1830 and 1900 m). The same charts, 

but for experiment 7 shows that the highest velocities are at 10 m depth instead of 15 m 

(same x and y as experiment 6).  

The directory from Tsinghua University has been that the difference between simulated 

values and experimental values should be lower than 20 percent. From the charts in section 

5.2 it can be noticed that this has been accomplished for the majority, but not all measured 

points. 

 

6.2 Sources of errors 

The difference in position of the highest velocities in experiment 6 and 7 could be a result 

from the sand remaining further upstream in the model. Visibly for the eye, the sand had 

clearly moved between experiment 6 and 7. The moving sand causes a slightly new 

topography which might affect both river flow and the position in the river where the 

highest velocities are. In experiment 6 the river upstream y=1360 was deeper (no sand), 

making the points with the highest velocities at z=15 m. When experiment 7 was performed, 

the sand had moved and the measured points with the highest velocities were situated 

shallower than in experiment 6. 

 
Figure 6.1 - Position of maximum velocity in the river, experiment 6 and experiment 7 
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The maximum velocities in both experiment 6 and 7 were still somewhere in the upper 

middle of the river. The flow near the bottom and the surface is decreased because of 

friction and turbulence. That corresponds well to different sources stating that the highest 

velocities should be in the upper middle of the river. [27], [18] 

 

 

Figure 6.2 - Velocity distribution in natural irregular channel [27] 
 

6.2.1 Flow boundary 

The flow boundary is probably the most important information to specify detailed when 

simulating. In our version of EFDC though, it is not possible to give an accurate flow at the 

boundaries for each layer. The given flow boundaries are changed by EFDC even though they 

ought to be the same throughout the simulation. In the middle of the river the velocity was 

set to 6 m/s as an average for experiment 6 and 7 m/s for experiment 7. Cells near the 

bottom were given half the velocity. When analyzing the simulation output it could be seen 

that the velocity profile at the upstream boundary did not correspond to the set ones. 

 

 
 
Figure 6.3 – Given flow boundaries to the left and flow boundaries at simulation output to the right 
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The flow boundaries correspond well in the middle of the river but at the bottom layer, the 

difference is large. The too high velocities near the bottom result in a total simulated inflow 

higher than the measured one. This is a main source of error. Too high flow boundaries in 

the layers near the bottom give too high simulation velocities overall. 

 

6.2.2 Deviating points 

Where the difference between simulated and measured result do not correspond within the 

given percentage limit, the results can be explained by the location for almost all points. The 

measurements have sometimes been located near the bottom and sometimes in connection 

with vortices.  

For the measured points that are situated near the bottom, the simulated values of the 

velocity are too low. The interpolated topography is believed to cause this difference 

because of inadequate measuring data. In this report topography was measured every 10th 

centimeter in x-direction and every 100th centimeter in y-direction plus two additional 

cross-sections at y=1760 and y=1830 in the model (see appendix 1). The topography 

sometimes changes rapidly so linear interpolation can affect the outcome from the 

simulated results. This might happen both through addition or subtraction of topography. 

 

 
Figure 6.4 – Cross section of river, linear interpolation changing topography 
 

 

The velocity outcome might be very low if a measured point suddenly is situated deeper 

than the bottom topography. If real topography have been subtracted near a measured 

point, the velocity might be simulated to a higher value than the measured because of less 

friction and turbulence.  

Somewhere between y=1760 and y=1830 there was a bump on the right riverside, causing a 

vortex behind it, which could be clearly observed on the surface. The vortex affects some of 

the measured points further downstream. At y=1900, between x=120 and x=150, the vortex 

clearly appears to disturb the flow on the surface and probably also at larger depths. If the 

effect goes deeper, the few undefined points that deviates more than 20 percent have a 
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reason to do so. Measured velocities are mean values during about 30 sec. If the velocity 

fluctuates as in a vortex the mean value will be low because the velocity oscillates between 

being positive and negative. Although EFDC is supposed to be able to simulate vortices, the 

software might need more densely measured topography for accomplishing this.  

 

6.2.3 Velocity meter 

When measuring with the velocity meter it is important that the equipment is positioned 

correctly. If the sensor is tilted, the water flow will not be hundred percent perpendiculars to 

the magnetic field. This will cause a measurable velocity less than the true velocity. The 

equipment was carefully placed every time measuring but there still is a risk for a little tilt. 

Also, the strong flow may have got the sensor vibrating a little. Vibrations could not be seen 

other then when the sensor was placed deeper than 15 cm below the surface, that is way no 

measurements have been performed deeper than that.  

 
Fig 6.5 - Tilted velocity sensor 
 

The sensor on the velocity meter is 0.5 cm in diameter and 1 cm in height. The cross-

sectional cells in the simulations are, in model scale, 10 cm in x dimension and up to about 4 

cm in z dimension. In shallower parts of the flow, mainly the sides of the river, the layers are 

thinner and the vertical cell dimension could be smaller than the sensor. 

 

In the deep parts of the river the velocity sensor covers about 1-2 % of the cell area and in 

the shallow parts about 5 %. In most parts of the river the velocity sensor is small enough in 

comparison with the cells but far out on the sides of the riverbank where the cells are thin 

the size of the sensor could be a problem. This fact could also be a reason for why the 

simulated values often are worse on the sides of the river cross-section. 

 

 
Fig 6.6 - Cells in deep and shallow water with the velocity sensor marked in as a red part  
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6.2.4 Limitation of data samples 

An aspect maybe worth mentioning is the number of recorded samples in each data point. 

At some points the data series have consisted of 650 measuring samples. A more reasonable 

amount of samples might be around 1000 samples. An average velocity has been calculated 

for each measured point and at spots with big fluctuations, larger samplings would probably 

give a more correct result. This was not noticed until during the analysis when the model 

already was torn down. No more measurements were possible to make and the impact of 

larger samplings is very difficult to quantify. A test of this could either have confirmed this as 

a source of error or proved that 650 samplings are sufficient.  

 

6.2.5 Establishment of parameters in EFDC 

There are lots of parameters to change in EFDC. Major studies are required to fully 

understand every detail, which is not possible within the time limit of this project. For this 

report some parameters has been given default values while others have been changed a lot 

of times to improve the simulation model. For experiment 6 and 7 about 50 simulations 

were run before the one fitting both models best was chosen. Further examination of 

parameter settings may improve the model, but probably flow boundaries and topography 

affect the modeling a lot more. 

 

6.2.6 Spillways 

When the pumps were started and the dam was filled for the first time, the leaking spillways 

were immediately noticed. After four days of repairing, the pumps were once again switched 

on and the difference can be seen in appendix 3. 

The leaking spillways contributes to a higher discharge downstream y=1400 but also causes 

turbulence when the water hits the surface. In one way the increased discharge should 

cause a higher velocity further downstream but in another way the extra turbulence should 

decrease the velocity of the water. The net effect is probably very small and considered not 

to have a significant impact. 

 

6.2.7 Measurement error     

A lot of measurements have been made, first in measuring a reference system and later in all 

the separate experiments. Also the topography was measured manually so the errors caused 

by measurements are of course inevitable. Nevertheless they are difficult to quantify. The 

measuring equipment has an accuracy of 0.001 m but the people controlling the equipment 

have little accuracy in comparison. Especially when placing two measuring tapes after each 

other. This is probably one of the most important sources of errors. 
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Figure 6.7 – Velocity measurements in the model of Jinsha river downstream Xiluodu dam  

 

6.2.8 Leakage of the model 

Water was leaking out of the model during the experiments. The leakage was very small in 

comparison to the total flow discharge and therefore neglected in the calculations. See 

leakage in appendix 4. 
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7. Conclusions 

The purpose of this study is to determine the flow velocity distribution downstream the Xiluodu dam 

in Jinsha River. Such information is fundamental in order to control river bank erosion. The 

velocity information is also applicable for other kinds of studies surrounding hydropower 

plants, like environmental or safety studies.  

The velocity has been measured with a velocity meter on a model of the river downstream 

of Xiluodu dam. After experimental measurements, the velocity has been simulated in the 

software EFDC and comparisons between the results have been made. The results show that 

the difference between measured and simulated velocities is smaller than 20 percent for all 

but a few points. The points where the deviation is larger than 20 percent can mainly be 

explained by positions near bottom or vortices.  

To obtain better results some things can be done differently. Modeling requires accurate 

boundaries. Topography of the river bed needs to be measured more densely in order to 

simulate vortices and make comparisons between measurements and simulation outputs 

more accurate. A flow boundary has been roughly specified. A more detailed flow boundary 

could improve the modeling. The measured velocity series should be larger than 600 

samplings which have been used as a guideline in this report, in particularly where the 

velocity oscillates. Another improvement could be to make more velocity measurements, 

both for calibration and validation.  
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Appendix 1 – Topography data 
  

 

x [m] z [masl] 
for y=1360 m 

z [masl] 
for y=1400 m 

z [masl] 
for y=1500 m 

z [masl] 
for y=1600 m 

z [masl] 
for y=1700 m 

 
28.0 399.94 418.14 406.14 407.24 404.04 

31.5      

38.0 399.24 416.94 402.94 405.94 398.04 

41.5      

48.0 398.14 414.34 399.94 400.94 393.94 

51.5      

58.0 395.44 404.64 397.24 396.04 391.74 

61.5      

68.0 390.64 393.54 393.94 391.34 390.74 

71.5      

78.0 387.44 390.44 390.64 387.94 387.04 

81.5   390.04   

88.0 382.94 386.64  384.94 384.84 

89.5  386.64    

91.5   386.74   

98.0 377.24   381.54 381.54 

99.5  380.84    

101.5 371.54  382.54   

108.0    377.14 378.14 

109.5  370.44    

111.5 357.64  375.74   

118.0    363.14 365.14 

119.5  353.04    

121.5 345.14  357.24   

128.0     343.74 

128.5    344.44  

129.5  342.54    

131.5 339.64  341.64   

138.0     338.84 

138.5    338.84  

139.5  339.74    

141.5 338.84  336.34   

148.0     336.74 

148.5    337.14  

149.5  339.24    

151.5 338.14  335.34   

158.0     336.54 

158.5    336.54  

159.5  340.34    

161.5 341.04  337.74   

168.0     340.94 

168.5    338.04  

169.5  344.54    

171.5 345.74  341.14   

178.0     354.34 

178.5    346.14  



 
 

179.5  360.24    

181.5 362.74  359.34   

188.0     371.74 

188.5    366.14  

189.5  381.84    

191.5 387.44  372.94   

198.0 401.94   372.94 379.64 

199.5  391.94    

201.5   373.84   

208.0 411.94 400.14  372.84 385.14 

211.5   377.44   

218.0 420.14 410.14  373.64 388.34 

221.5   380.64   

228.0 425.54 416.54  377.64 392.14 

231.5   383.84   

238.0 428.74 403.14 386.04 382.14 396.24 

241.5      

248.0 430.04 403.14 416.04 400.44 400.44 

251.5      

258.0 420.84 427.14 416.74 416.04 407.44 

 

x [m] z [masl] 
for  y=1760 m 

z [masl] 
for  y=1800 m 

z [masl] 
for  y=1830 m 

z [masl] 
for y=1900 m 

z  [masl] 
for y=2000 m 

 
28.0  419.14  417.04 408.54 

31.5 407.44  413.54   

38.0  407.04  412.14 403.74 

41.5 397.74  399.94   

48.0  393.74  399.04 398.54 

51.5 389.54  390.24   

58.0  386.34  390.24 392.64 

61.5 383.74  384.24   

68.0  381.04  386.24 387.44 

71.5 381.44  381.34   

78.0  379.54  382.94 383.14 

81.5 379.64  379.24   

88.0  378.94  379.44 379.64 

89.5      

91.5 379.44  377.04   

98.0  378.54  374.84 376.44 

99.5      

101.5 379.74  374.54   

108.0  376.64  368.64 373.74 

109.5      

111.5 377.54  370.84   

118.0  371.74  359.44 368.44 

119.5      

121.5 367.14  360.64   

128.0  356.94  344.34 355.64 

128.5      

129.5      

131.5 343.34  344.34   



 
 

138.0  341.74  338.54 344.84 

138.5      

139.5      

141.5 340.74  338.54   

148.0  337.64  336.04 340.84 

148.5      

149.5      

151.5 337.14  336.74   

158.0  336.74  335.44 338.24 

158.5      

159.5      

161.5 338.64  336.94   

168.0  338.84  336.34 340.04 

168.5      

169.5      

171.5 344.94  340.84   

178.0  348.44  343.14 342.64 

178.5      

179.5      

181.5 362.24  353.94   

188.0  365.44  356.84 348.54 

188.5      

189.5      

191.5 375.54  366.34   

198.0  374.94  370.54 370.64 

199.5      

201.5 380.14  374.24   

208.0  379.14  375.44 376.14 

211.5 383.64  378.44   

218.0  382.64  380.24 381.44 

221.5 386.34  382.84   

228.0  385.94  385.74 388.44 

231.5 387.64  387.24   

238.0  388.64  391.34 395.04 

241.5 392.84  392.44   

248.0  393.64  399.64 402.04 

251.5 398.54  399.04   

258.0  399.34  411.24 411.74 

  



 
 

Appendix 2 – Velocity measuring equipment 

Specifications for 4CM-4IF interface [26]: 

Model 4CM-4IF 

Maximum connecting 4 

Digital Output RS-232C 

Analog output -1V ～ +1V 

Power AC100-115V or AC200-230V 

Dimension 260*227*55 mm 

 

2-axis electromagnetic current velocity meter specification [26]: 

Model 4CM2-RS 

Sensor Electromagnetic induction type 

Parameter XY horizontal 2-way velocities 

Range ±250 cm/s in 2 axis 

Accuracy ±0.5 cm/s or 2 axis 

Resolution 0.1 cm/s 

Zero point stability ±0.15 cm/s (at 8 consecutive hours without 
changing surrounding temperature) 

Time constant 0.05, 1.0, 5.0 (switching scheme) 

Sampling rate 15～70 Hz (depending on number of instrument 
connected) 

Dimension Max. diameter 34 mm, Length 420 mm 

Detecting parts Diameter 6 mm, Length 18 mm 

Pressure-resistance of detecting parts 5m/24 hours 

 

 
 

 

 

 

 

 

 

 

 



 
 

Appendix 3 – Broken spillways 

Flow through broken spillways to the right and flow through repaired spillways to the left. 

Spillways are positioned on the right side of the river in downstream direction. 

  

Flow through broken spillways to the left and flow through repaired spillways to the right. 

Spillways are positioned on the left side of the river in downstream direction. 

 

  



 
 

Appendix 4 – Leakage in model 

 

Leakage of water under the model near the discharge outlet.  

  



 
 

Appendix 5 – Sand in the model 

Sand was moving in the model and problems arose when sand reached the measuring areas, 

affecting the flow in the river. 

 
 

 
 

 



 
 

A large area of the river had to be manually emptied from sand. 

 

 
 

 



 
 

Appendix 6 – Bump in the model 

 

Before and after removal of bump and wood that disturbed the flow discharge. 

 

 
Before removal of bumb and wood 

 
After removal of bump and wood. Some wood had to be left.  



 
 

Appendix 7 – Logbook 

Unfortunately the gates to the spillways were broken causing a delay in the laboratory work. 

Instead of laboratory work, focus becomes to learn the software EFDC. This was done by 

reading the manuals and creating simplified examples.  

When the model had been repaired, experiment 2 was performed. The flow through the 

spillways was barely reduced though. 

 The laboratory work continued with experiment 3 which had another flow discharge. The 

measured values were compiled in MS Excel and the software Tecplot was introduced. After 

preprocessing the topographic data in Tecplot, simulations in EFDC began, based on given 

topography data. 

 The results were very bad and the reason for this would be the given topography data. New 

topography data was manually measured and more laboratory work was performed in 

experiment 4 and 5 which also had new flow discharge values. This time there were 

additional validation data points.  

After more simulations in EFDC the difference between the measured and the simulated 

values in some results was discussed.  

However, results were not sufficiently satisfying and therefore other sources of errors were 

examined. Extra concrete at the end of the river in addition to the pieces of wood were no 

longer possible to ignore. They were thought to cause big changes in the flow at the end of 

the river. This concrete was therefore removed from the model. 

During the removal of the concrete in the model (about 2 weeks), the report writing began. 

A report structure was created and studies of similar reports, searching for references and 

processing of images started. The first chapters took form. 

When the concrete at the end of the river had been removed, the water surface in the river 

became much lower than before and the flow got higher.  

During earlier experiments a lot of sand lay in the model from some previous experimental 

work. When the flow became bigger the sand started to move and this was believed to 

cause changes in the experimental results. The theory is that the sand both affected the 

velocity results but uppermost the topography changed as the sand was moving along the 

bottom of the river in the model. 

Hard work with a lot of shoveling in order to empty the model from sand began. New 

topography measurements were made once again and finally it was time for new 

experiments. 



 
 

 Experiment 6 and 7 and simulations for these were performed.  

Still the results were not as good as expected but there were not enough time left to 

perform additional experiments.  

It was time to analyze the results and figure out possible reasons for the deviations and 

completing the report, which has been a very time-consuming procedure. 

 

 


