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Abstract 
 

Water levels up- and downstream of dams are strongly affected by water levels in the 

reservoir as well as the discharge of the dam. To ensure that no harm comes to buildings, 

bridges or agricultural land it is important to ensure that the water level in the reservoir is 

adjusted to handle large floods. This report studies within what range the water level in the 

reservoir of the Yayangshan dam, located in Lixian River, can vary without causing any 

flooding downstream the dam or at the Old and New Babian Bridge located upstream the 

dam. By calculation of the designed flood, flood routing- and backwater computation, initial 

water level ranges in the reservoir have been set for the pre-flood, main flood and latter flood 

season for damages to be avoided. Due to the far distance between the dam site and the 

bridges, backwater effects had no influence on the limitations of the initial water level in the 

reservoir.  
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Nomenclature 

  

ε  Dimension 

A  Area 

CS   Skewness coefficient 

CV   Coefficient of variation 

g  Gravitational constant 

n  Bed roughness coefficient (Manning’s value) 

N  Absolute measure 

NN  Relative measure of N and NT 

NT  Total number of times 

P   Probability of the flood 

q  Discharge from reservoir 

Q  Inflow to reservoir 

R  Hydraulic radius 

S0  Bottom slope of river 

Sf  Friction slope 

t  Time 

U  Velocity 

Z  Water level in reservoir 

V  Reservoir storage 

x  Distance along river 

y  Depth in reservoir 

z  Bed elevation of cross section 
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1. Introduction 

1.1 Background about the Yayangshan dam 

The current need for electric energy varies widely in different parts of the world. An average 

person in the US consumes ~11 kW while an average European manages with ~4.5 kW. In 

China, however, the consumption is ~1 kW/person, which is half of world average use per 

person. Coal is still the primary source of energy in China and causes both environmental 

contamination as well as health problems among the population. The Chinese government 

realized this and has for many years been encouraging hydropower development due to its 

limited environmental impact and good future possibilities for power extraction, resulting in 

reduction of fossil fuel and overall sustainable development. China has the highest 

hydropower resources in the world and several new dams have been built during the last years 

(Chang, Liu, & Zhou, 2009). 

Hydropower development leads to both positive and negative effects on all essential aspects 

of sustainable development; ecological, social and economical. From an economical point of 

view, the time of construction is long and the project investment is large, resulting in slow 

investment recovery. The operation costs are on the other hand low and create jobs, 

contributing to positive effects from a social perspective as well. The reduced emissions of 

green house gases as a result of hydropower development and the fact that it is a renewable 

energy source entail many positive effects on the environment (Li, 2012).  Apart from this, 

hydropower is used as a substitute to coal, leading to lower carbon dioxide emissions and thus 

increased air quality and improved standard of living.  

Some disadvantages from a social and economic point of view associated with hydropower is 

the consequence of erosion caused by large flows as well as flooding up- and downstream the 

dam, resulting in destruction of buildings and agricultural lands. Erosion also causes 

ecological damage as ecosystems may be affected, influencing the biodiversity.  

The dam of interest in the present study is the Yayangshan dam, located in the southern parts 

of China; in the province of Yunnan as seen in Figure 1.1. The power station consists of two 

turbines of 60 MW each and has been operating since 2006 (Industcards, 2008). One of the 

challenges related to the dam is to determine an upper limit of the water level in the reservoir 

with respect to the flood season each year. The flood season stretches from 1 June to 30 

November and is divided into three different parts; pre-, main and latter flood season. It is of 

great importance to keep the water in the reservoir at a suitable level during this period, not 

only to prevent flooding both up- and downstream the dam, but also to avoid destruction of 

the turbines due to large amounts of sediment in the water. 
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Figure 1.1. The location of the Yayangshan dam in the province of Yunnan (Yunnan, 2015) 

The water level in the reservoir depends on the size of the natural inflow to and discharge 

from the dam, where the discharge is the flow through the spillways and the turbines. The 

discharge must be smaller than or equal to the flood peak in order to avoid man-made 

flooding downstream the dam.  There are also requirements that have to be met with respect to 

the turbines of the dam, which are built to operate for all floods smaller than or equal to a 200-

year flood. If the flood is smaller than the 200-year flood, there will be a discharge of 127 

m
3
/s through one of the turbines while the other one will be closed. For inflows larger than the 

inflow of a 200-year flood, both turbines will be closed due to the risk of damage caused by 

large amount of sediment in conjunction with flows of this size. 

There are two spillway tunnels to open when the water level in the reservoir increases. First, 

the right bank spillway tunnel will be opened; the left bank spillway tunnel will only be 

opened if the water level continues to increase after the opening of the right bank spill tunnel. 

The initial water level in the reservoir should, for each part of the flood season, be set to the 

calculated upper limit of that specific part. Throughout the rest of the year, the initial water 

level is equal to the normal water level of the Yayangshan reservoir, which is 835 meters 

above sea level. When the water level starts to decrease and gets close to the determined water 

level limit, the discharge in the two spillway tunnels will be managed so that it equals the 

inflow. This is done to guarantee that the water level in the reservoir goes back to and stays at 

the set water level limit. All of the characteristic water levels as well as storage capacity of the 

Yayangshan dam can be found in Table 1.1. Throughout the report, all water levels refer to 

the sea level. 
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Maximum flood level (P=0.05%) 835.97     m 

Designed flood level (P=0.5%) 835.00     m 

Normal water level 835.00     m 

Dead storage level 818.00     m 

Total storage capacity at +835.97 m 2.47 ∙108   m3 

Storage capacity below normal water level at +835.00 m 2.37 ∙108   m3 

Regulation storage 1.34 ∙108   m3 

Dead storage 1.03 ∙108   m3 

Table 1.1 Characteristic water levels and the storage capacity of the Yayangshan dam 

Upstream the Yayangshan dam there are several bridges and highways risking flooding due to 

backwater from the dam during flood season. To prevent upstream flooding, the water level 

limits in the reservoir must therefore be further adjusted. An illustration of the river reach and 

all important cross sections upstream the dam site is attached in Appendix I. The two bridges 

that are of particular importance for this study are the Old Babian Bridge and the New Babian 

Bridge. The Old Babian Bridge is 85 meters long and the height of its lowest deck measures 

850.34 meters with a safety level set to 849.09 meters. The New Babian Bridge is 169 meters 

long with a lowest deck height of 848.02 meters and safety level set to 846.72 meters 
(Kunming Hydroelectric Investigation, Design & Research Institute, CHECC, 2003).  

1.2 Aim and objective of the study 

The purpose of the present study is to find the maximum initial water level in the reservoir for 

each part of the flood season that can be accepted without risking up- and downstream 

flooding. The project only studies water levels in the reservoir, power generation and 

sedimentation are not considered.  

- To divide the flood season into three stages: pre- main- and latter flood season by 

using the mathematical statistics method, the fuzzy set analysis method and the fractal 

analysis method. 

- To calculate flood peaks and volumes for certain probabilities and to design 

hydrographs for every part of the flood season by using the Pearson III-method.  

- To determine the acceptable range of initial water levels in the reservoir for the 200- 

and 2000-year floods, in each stage of the flood season, without causing downstream 

flooding. 

- To determine the acceptable range of initial water levels in the reservoir for the 100-, 

50- and 20-year floods, in each stage of the flood season, without causing upstream 

flooding. 

1.3 Hydrological data of Yayangshan  

For most calculations in the present study, existing data on e.g. daily average flows, peak 

flows or typical flood hydrographs has been used. Almost all of the existing is measured and 

collected at the hydrometric station in LongMajiang during the years 1957 to 1995 and 

presented in the Feasibility Study Report, FSR. For some calculations, data measured and 

collected in LongMajiang in 2013 and presented in the FSR has been used. LongMajiang is 

located in the same area as the dam site and the hydrological characteristics are thus supposed 

to be the same in both locations. The runoff area at LongMajiang is 6130 km
2
 and 8704 km

2
 at 
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the dam site.  

In addition to the data, a program named CurveFitting is used in for the calculation of the 200- 

and 2000-year flood and HEC-RAS is used for the backwater computation. A more detailed 

list of the existing data is attached in Appendix II.  

2. Theoretical background 

2.1 Partition of the flood season  

In this part it is described how the flood season is divided into three stages: pre-flood season, 

main flood season and latter flood season. The traditional flood season is determined from 

June 1 to November 30, and is therefore the period of time that should be divided into the 

three stages. The partition of the flood season can be done using three different methods: 

mathematical statistics method, fuzzy set analysis method and fractal analysis method.  

2.1.1 Mathematical statistics method 

In the mathematical statistics method the three largest peak flows of every year are studied. 

Considering these flows and the month in which they appear, this method aims to determine 

the probability of the yearly peak flow to appear in different months of the flood season.  

In the years 1957 to 1995, the inflow has been measured every hour at the dam site throughout 

the flood season.  All measurements are given in the FSR. The three largest peak inflows of 

every year are selected and plotted in a scatter diagram to display when the peak flows tend to 

appear within the flood season. To get an even more specific partition, a probability table is 

created where the largest peak flow of each year is presented with respect to the month in 

which it appeared. The actual size of these peak flows is not of importance at this point since 

it is the time of occurrence that is being studied. This means that the table will show the 

months June to November and how many times, throughout the studied time period, the 

yearly peak flow appeared in each month. This information is then used to calculate the 

probability of the yearly peak flow to appear in a certain month.  

Partition of the flood season can then be done by comparison of the scatter diagram and the 

frequency table (Jiang, Mo, Wei, Sun, & Wei, 2012). 

2.1.2 Fuzzy set analysis method 

The fuzzy set analysis method aims to determine a partition of the flood season by studying 

the probability of certain days to be part of the flood season. As mentioned earlier, the 

traditional flood season is set from June 1 to November 30, and in this method all of the days 

between these two dates will be studied individually throughout the time period 1957-1995. 

All performed calculations are based on existing data on daily and yearly average flows given 

in the FSR.  

The first step when using this method is to study the average flow of every day within a 

month and to determine for how many of these days that the daily average flow exceeds the 

yearly average flow. This is done year by year and results in a probability table where the 

number of days with average flows larger than the yearly average flow easily can be 
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compared month by month. To calculate the probability of all days in a month to have average 

flows larger than the yearly average, i.e. to be part of the flood season, a summation is 

performed for each month. That is, all of the days in a month that are part of the flood season 

are summarized for the period 1957-1995. This sum is then used to calculate the wanted 

probability.  

Partition of the flood season can be made from these monthly probabilities, but the analysis 

can be taken one step further by studying the probability of each day to be part of the flood 

season. This is done by comparing average flows of each date year by year. The time period 

stretches over 39 years, which means that there will be 39 average flows for each specific 

date. The number of days with an average flow that exceeds the yearly average flow is 

summed up and divided by 39 to get the probability of each date to be part of the flood 

season. These probabilities are then plotted in a diagram displaying how the probability of 

flows larger than the yearly average flow varies day by day throughout the flood season. A 

more explicit partition of the flood season can be read from this diagram (Yu, Zhang, & Ma, 

2013). 

2.1.3 Fractal analysis method 

Fractal analysis can be applied on many different types of natural phenomena; one example is 

the variation of a flood. A phenomena or object with a rough and fragmented geometrical 

shape, which can be divided into smaller parts that appear as copies of the original phenomena 

or object, can be considered a fractal. Analysis of fractals often contains a study of different 

dimensions, i.e. different parts of the phenomena or object that is being studied, which result 

in a logarithmic function. The slope of this logarithmic function can then be used to identify 

major changes within the fractal (Zmeškal, Veselý, Nežádal, & Buchníček, 2001).   

In the present study, the first step of the fractal analysis is to create a scatter diagram of the 

daily maximum flow of each date throughout the flood season and the years 1957 to 1995, 

data given in the FSR. The flood season, stretching from June 1 to November 30, is the fractal 

of this study. Based on the created scatter diagram, the lengths of all stages in the flood season 

are determined, one at a time, starting with the pre-flood season. Different lengths, T, of the 

pre-flood season are assumed and a logarithmic function will be created for each of these 

lengths. The assumed lengths of the pre-flood season are 10, 20, 30, 40 and 50 days. The same 

lengths will be used for the main- and the latter flood season. An average flow, Qav, is 

calculated for each assumed length and a flow slightly bigger than the average flow, known as 

QT, is also calculated for each length. The value QT is not constant, and the relation between 

QT and Qav may consequently differ. In this study, the correlation between QT and Qav is 

assumed to be 1.3. 

A set of different dimensions, ε, is determined. In this case, the dimensions consist of average 

flows calculated for time periods of one to ten days. For example, for the dimension five days, 

average flows are calculated for days: one to five, two to six, three to seven etc. This is done 

for all daily maximum flows, where June first is day one and the last of November is day 

number 183. All of the average flows of each dimension are then compared to the calculated 

QT of each assumed length of the pre-flood season. Next, the number of average flows that 
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exceed QT are added up, which is done for each dimension and results in a variable is known 

as N(ε). 

The natural logarithmic function of NN(ε), constructed by the ratio of N(ε) and a variable 

known as NT, where NT= T/ε, is now to be plotted with respect to ln(ε). The slope, b, is 

determined from the straight line segments of each dimension. These calculations result in a 

table showing the slope of different lengths of the pre-flood season. The pre-flood season ends 

when the difference between two values of the slope increases rapidly compared to earlier 

differences. As explained above, a major change of the slope displays a change in the fractal. 

When the length of the pre-flood season is determined, the same procedure is performed for 

the main- and the latter flood season (Wei, Shengping, Cong, Li, & Zhen, 2014). 

2.2 Calculation of the 200- and 2000-year flood 

In this part, the aim is to calculate peak flows and volumes for certain probabilities and all 

flows measured during the years 1957-1995 in order to design hydrographs showing the 200- 

and 2000-year flows for all three parts of the flood season at the dam site. The calculations are 

divided into two larger steps, where the first step deals with the calculation of the frequency 

curves and the second step concerns the calculation and design of the actual hydrographs. 

2.2.1 Calculation of peak flows and volumes 

For all three parts of the flood season, a maximum volume during a period of one, three and 

seven days is measured for each year during the time 1957-1995. These measurements are, as 

earlier mentioned, collected at the LongMaijang station and presented in the FSR. To be able 

to calculate the wanted frequency tables, the measured flow data needs to be adjusted to suit 

the dam site. This is done using the principle of proportionality displayed in Eq. 1. The 

principle of proportionality says that the ratio of two catchment areas, in this case 

LongMaijang and the dam site, is equal to the ratio of the flood volumes at the two sites. This 

results in an equation with only one unknown variable, namely the corresponding volume at 

the dam site.  

To get a more precise result, the ratio of the two catchment areas is adjusted with an exponent 

smaller than one. In this case, a value of 0.95 was suggested by the supervisors at Hohai 

University. This means that a change in the catchment area of LongMaijang will result in an 

almost identical change in the catchment area of the dam site   (B. Achelis, Correlation 

Analysis, 2015). The ratio between the catchment areas of LongMaijang and the dam site is 

0.704 as shown in Eq. 2. 

Eq. 1           
  

  
      

Eq. 2  
  

  
       

To calculate the frequency curves, Pearson III-method is used. A table consisting of year, 

volume, number (m), sorted volume and frequency P = m/(n+1) is constructed, where the 

sorted volume is arranged from the biggest to the smallest volume and the frequency depends 

on the number of years (n) in which data has been collected. Data for some of the years 
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between 1957 and 1995 is missing, which means that not all necessary computations can be 

performed. Very large flows that appeared a long time ago can be used to make up for the 

missing data and make further computations possible, a flow of this kind is called history 

flood. The history flood often appeared before continuous measurements of the flood at a 

certain location were started and is thus estimated by old documentations of spectacular 

natural phenomena and geological proof of extreme flows or water levels. In this study the 

history flood is given in the FSR for LongMajiang in the year 1921, during which the 

approximated volume for one, three and seven days was 334 million m
3
, 686 million m

3
 and 

1110 million m
3
 respectively. The peak flow from 1921 was estimated to 5550 m

3
/s.  

The Pearson III-method is carried out in a program named CurveFitting, in which the sorted 

volumes and flows are plotted with respect to the frequency in scatter diagrams as shown in 

an example attached in Appendix III. This program automatically creates a curve adjusted to 

the scatter in the diagram, where the curve depends on the values of the coefficient of 

variation, CV, and Skewness coefficient, CS. The equations for these coefficients are presented 

in Eq. 3 and Eq. 4. The values of CV and CS must however meet certain requirements shown 

in Table 3.1, and might subsequently need some adjustments. 

Eq. 3      √
∑         

   

   
  

Eq. 4      
∑         

   

       
  

CV ≤ 0.5 3 ≤ CS/CV ≤ 4 

0.5 < CV ≤ 1.0 CS/CV = 2.5 – 3.5 

CV >1.0 CS/CV = 2 – 3 
Table 3.1. Requirements for the relationship of CV and CS when using the Pearson III-method 

When all the calculations are executed, all of the peak flows as well as desired probabilities 

for each stage of the flood season are compared to the results presented in the FSR. The result 

that has the largest peak flows determines which of the two that is to be used in the next step 

of the study. In the FSR used in this study, peak flows for the pre-flood season are missing, 

and the calculated values in this report will thus be used for that part. 

2.2.2 Calculation of designed flood 

Calculation of the designed flood will result in six different hydrographs showing the 

designed flood fluctuation for the 200- and 2000-year flood during pre-, main and latter flood 

season. Typical flood hydrographs for each flood season, derived from given data in the years 

1957 to 1995 presented in the FSR, are used to perform the frequency amplification method 

resulting in the actual flows of the 200- and 2000-year floods. From the typical flood 

hydrographs, the largest volume during a period of one, three and seven days as well as the 

peak flows are determined. This data is combined with corresponding data from the 

probability tables to calculate the ratio of the typical hydrograph and the hydrographs of the 

dam site. For each flow given in the typical flood hydrographs, a corresponding flow is 

calculated for the 200- and 2000-year floods in each stage of the flood season. 
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2.3 Determination of initial water level in the reservoir 

In the last part of the project, the goal is to determine within what range the initial water level 

must be set to, to be able to handle the 200- and 2000-year flows without causing flooding 

upstream or downstream the dam. Flood routing calculation is used to study how the water 

level in the reservoir varies with different inflows and outflows. These calculations will result 

in certain water level limits and will, combined with the result of the backwater computation, 

result in a final range within which the initial water level can vary without causing man-made 

flooding. The backwater computation is used to study how the water level in the river 

upstream the dam is affected by the water level in the reservoir, and bridges as well as 

highways are therefore important to consider in order to prevent flooding. The bridges of 

interest in this study are, as mentioned in the background, the Old Babian Bridge and the New 

Babian Bridge. 

2.3.1 Flood routing calculation 

The water level in the reservoir as well as inflow, discharge and storage all vary over time as 

the flood advances. This type of flow is called unsteady open channel flow, and the 

fundamental equations to calculate this type of flow are the continuity equation and the 

momentum equation, Eq. 5 and Eq. 6 (U.S Government, 1996). These equations, however, 

cannot give a precise solution to the problem, and a simpler equation is therefore used. This 

equation is derived from the continuity equation and is called the equation of water balance, 

Eq. 7. It is in this case used to determine the maximum water level in the reservoir during a 

200- and 2000-year flow for each stage of the flood season. 

Eq. 5      
  

  
 

  

  
   

Eq. 6     
  

  
   

  

  
 

     

  
           

Eq. 7   ̅      ̅     
 

 
           

 

 
                 

In the water balance equation, the variables Q1 and Q2 represent the inflow to the reservoir and 

are determined from the hydrographs calculated earlier. The time step, Δt, is set to one hour. 

The hydrographs cover a time period of seven days. The outflow q1 and storage V1 are known, 

but the storage V2 and the discharge q2 are unknown and a complementing equation relating q 

to the water level in the reservoir is thus necessary to get a solution. The equation is used in a 

method called the trial method. Existing data on the relationship between the water level in 

the reservoir and discharge from the dam, as well as the relationship between the water level 

and storage in the reservoir is given for the Yayangshan dam both in the FSR and as measured 

values in the year of 2013.  

The first step of the trial method is to assume a discharge, q2, and determine the corresponding 

water level from the given data. This water level is then used to find the storage, V2, of the 

reservoir. This volume is then used in the water balance equation to calculate a new discharge 

which is compared to the supposed one. If the calculated and the supposed discharges do not 

match, the same procedure is performed for a different discharge. If the discharges on the 

other hand do match, the equivalent water level is registered and the process moves on to the 
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next time interval. This means that the assumed discharge, q2, is renamed as q1 and the volume 

V2 is renamed as V1. For most discharges, corresponding water levels and volumes are 

missing and most therefore be calculated through linear interpolation of existing values.  

2.3.2 Reservoir backwater computation 

Backwater computation is used to calculate how water levels upstream the dam are affected 

by the water level in the reservoir and to determine within what range the water level is 

allowed to vary. This is done using the direct step method which is based on the one-

dimensional energy equation, Eq. 8, where z is the bed level, y is the depth of the reservoir 

and U is the velocity in the reservoir. 

Eq. 8         
  

 

  
       

  
 

  
    

  
 

       
   

 
 

The distance between the dam site and the Old Babian Bridge is divided into 35 cross 

sections, YK00-YK35. The variables y1 and U1 can be calculated based on known values of z2 

and y2. To determine whether to begin at the upstream end of the reach, i.e. the Old Babian 

Bridge, or at the dam site, the dimensionless Froude’s number is calculated according to Eq. 

9. A Froude’s number smaller than one means that the flow is subcritical and that the 

calculations of the direct step method should start at the dam site. This is often the case of 

man-made and natural channels; the river in the present study is therefore considered as 

subcritical. The velocity in the one-dimensional energy equation is the ratio between the flow 

and the cross section area (Tate, 1999). Manning’s value, n, is defined through Manning’s 

equation showed in Eq. 10, although in this report, already existing values presented in the 

FSR have been used. Manning’s equation also takes energy losses in terms of friction into 

account.  

Eq. 9       
 

        
 

Eq. 10                   

 

As mentioned above, the backwater calculation in this study starts at the dam site, which 

means that the first value to be calculated is the depth at cross section YK01. The only 

unknown variable in the one-dimensional energy equation is y1, symbolizing the river depth at 

the next cross section upstream the latest one at which the river depth has already been 

calculated. As the depth of one cross section is determined, the calculations will move on to 

the next one and the process will continue like this until the depths of all cross sections have 

been calculated.  

When using the one-dimensional energy equation, certain data such as the flow at the starting 

point, the depth of the starting point, the bed roughness coefficient and the bed elevations of 

all cross sections, is required. All of this data is given in the FSR. The start value, i.e. the 

water level at the dam site, is vital for the water levels at the two bridges which present study 

aims to protect from flooding or other damage. An iteration with the direct step method is 
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therefore done until the water level in the reservoir is set to ensure that no harm will come to 

the bridges. The actual calculations of the direct step method are carried out in the program 

Hydrologic Engineering Center River Analysis System, also known as HEC-RAS. (US Army 

Corps of Engineers, 2010). 

3. Results 

3.1 Partition of the flood season 

The three methods; mathematical statistics method, fuzzy set analysis method and fractal 

analysis method are used to divide the flood season into three stages.  

In the mathematical statistics method, the three peak flows of every year are shown in Figure 

4.1, where a majority of the peak flows appear in July, August and September. Table 4.1 

shows that the probability of the largest peak flow to occur in July or August is bigger than for 

the other months in the flood season.  

Figure 4.1. Scatter diagram of the three peak flows every year (1957-1995), mathematical statistics 

method  

Period Jun Jul Aug Sep Oct Nov Jul-Sep Jul-Oct Jul-Nov 

Frequency 0 12 11 6 6 2 29 35 37 

% 0 32.43 29.73 16.22 16.22 5.41 78.38 94.60 100.00 

Table 4.1. Table of frequency of occurrence and probability for the peak flow to occur in a certain 

month, mathematical statistics method 

A combination of the data presented in Figure 4.1 and Table 4.1 result in the partition of the 

flood season which is illustrated in Table 4.2. 
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Pre flood season June 1 – June 30 

Main flood season July 1 – September 30 

Latter flood season October 1 – November 30 

Table 4.2. The partition of the flood season according to the mathematical statistics method 

In the fuzzy set analysis method partition of the flood season is derived from a study in which 

the average flow for each day (June 1, June 2, …, November 30) is compared to the average 

flow, Q, of each year. Table 4.3 illustrates that for every year in the period of study, all days 

in July, August and September exceeds Q. This means that all the days in these months should 

be included in the main flood season. June, October and November contain days in which the 

average flow does not exceed Q, which means that they represent the pre- and the latter flood 

season. At the end of Table 4.3, the probability for all days in each month to exceed the 

average flow of the year is presented. These probabilities confirm that the main flood season 

consists of July, August and September. 

Year June July August September October November 
1957 25 31 31 30 25 0 

1958 14 31 31 30 27 0 

1959 30 31 31 30 31 30 

1960 23 31 31 30 31 30 

1961 20 31 31 30 31 30 

1962 24 31 31 30 31 4 

1963 18 31 31 30 31 16 

1964 30 31 31 30 31 28 

1965 16 31 31 30 31 30 

1966 24 31 31 30 31 23 

1967 23 31 31 30 31 29 

1968 6 31 31 30 31 21 

1969 14 31 31 30 19 0 

1970 30 31 31 30 31 30 

1971 30 31 31 30 31 13 

1972 12 31 31 30 31 30 

1973 30 31 31 30 31 30 

1974 23 31 31 30 31 24 

1975 30 31 31 30 31 17 

1976 30 31 31 30 31 30 

1977 8 31 31 30 31 11 

1978 30 31 31 30 25 0 

1979 10 31 31 30 20 0 

1980 11 31 31 30 27 0 

1981 30 31 31 30 31 30 

1982 19 31 31 30 31 28 

1983 19 31 31 30 31 30 

1984 29 31 31 30 30 0 
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Table 4.3. Sum of the days in each month that exceed Q for every year and the probability for each 

month to have flows larger than Q, fuzzy set analysis method 

A more accurate partition of the flood season is displayed in Figure 4.2, where the probability 

for the average flow of each date to exceed Q is presented. The main flood season consists of 

the days in which the probability is equal to 100 %, starting on July 1
 
and ending on October 

19. The partition of the flood season according to the fuzzy set analysis method is presented in 

Table 4.4. 

 
Figure 4.2. Graph of the probability for the average flow each day to exceed Q, fuzzy set analysis 

method 

Pre flood season June 1 – June 30 

Main flood season July 1 – October 19 

Latter flood season October 20 – November 30 

Table 4.4. The partition of the flood season according to the fuzzy set analysis method 
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1985 30 31 31 30 31 27 

1986 12 31 31 30 31 15 

1987 15 31 31 30 31 20 

1988 30 31 31 30 20 0 

1989 30 31 31 30 31 4 

1990 30 31 31 30 31 0 

1991 24 31 31 30 31 29 

1992 0 31 31 30 31 29 

1993 30 31 31 30 31 7 

1994 30 31 31 30 31 30 

1995 25 31 31 30 31 28 

Total number of days > Q 864 1209 1209 1170 1154 703 

P (%) 73.8 100 100 100 95.5 60.1 
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When using the fractal analysis method, division of the flood season is determined from tables 

built up in the same way as Table 4.5. This table displays the capacity dimension of each 

flood stage division of the pre-flood season. By comparing the value of b for different lengths 

of the pre-flood season, it can be determined when the pre-flood season starts and ends. When 

the average inflows are calculated for each value of ε and QT equals 1.3 times the average 

inflow for the time periods, the length of the pre-flood season can easily be determined by the 

big change in the value of b between T=30 and T=40.  Since it is decided that the flood season 

starts on June 1 this means that the pre-flood season starts on June 1 and ends on June 30.  

ε =1-10 days, QT = 1.3Qav 

T b  

10 0.6972  

20 0.7009  

30 0.6971  

40 0.7364  

50 0.7841  

Table 4.5. The slope of each assumed length of the pre-flood season, fractal analysis method 

The length of the main flood season and the latter flood season are determined in the same 

way as the pre-flood season and the result of the division of the flood season is presented in 

Table 4.6. 

Pre flood season June 1 – June 30 

Main flood season July 1 – September 30 

Latter flood season October 1 – November 30 

Table 4.6. Partition of the flood season according to the fractal analysis method 

3.2 Calculation of the 200- and 2000-year flood 

Comparison between the results based on the Pearson- III and the results in the FSR is 

presented in Table 4.7.  

 Main flood season Latter flood season 

Frequency (%) Present study (m3
/s)  FSR (m3

/s) Present study (m3
/s)  FSR (m3

/s) 

0.05 5290 5890 3837 4230 

0.2 4140 4860 3102 3460 

0.33 3728 4480 2835 3180 

0.5 3407 4180 2625 2950 

1 2874 3670 2270 2560 

2 2364 3170 1921 2190 

5 1743 2520 1475 1700 

10 1334 2040 1153 1340 

20 1007 1590 854 990 

Table 4.7. Comparison between the peak flows calculated in present study and the peak flows 

presented in the FSR 

As seen in this table, all peak flows for both the main and the latter flood season are larger in 
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the FSR. Table 4.9 and Table 4.10 therefore present peak flows and volumes that are 

presented in the FSR. Table 4.8, however, displays the result calculated in present study. In all 

three tables, the expected volume of water corresponding to the flow during the three stages of 

the flood season is displayed for different probabilities and different periods of time. The 

tables also present a flood peak for each probability. 

Pre-flood season – Probability (%) 

 0.05 0.2 0.33 0.5 1 2 5 10 20 

Flood peak (m3/s) 3140 2492 2259 2077 1773 1480 1117 871 663 

1 day (108m3) 2.83 2.30 2.11 1.95 1.69 1.43 1.09 0.84 0.60 

3 days (108m3) 5.15 4.29 3.98 3.73 3.30 2.86 2.29 1.85 1.41 

7 days (108m3) 9.54 7.96 7.39 6.92 6.12 5.33 4.27 3.46 2.64 

Table 4.8. Probabilities for certain volumes of water to occur during the pre-flood season 

Main flood season - Probability (%) 

 0.05 0.2 0.33 0.5 1 2 5 10 20 

Flood peak (m3/s) 5890 4860 4480 4180 3670 3170 2520 2040 1590 

1 day (108m3) 3.33 2.80 2.61 2.46 2.20 1.94 1.60 1.34 1.08 

3 days (108m3) 6.47 5.58 5.24 4.98 4.52 4.07 3.46 2.98 2.51 

7 days (108m3) 10.5 9.18 8.68 8.25 7.60 6.89 5.97 5.25 4.50 

Table 4.9. Probabilities for certain volumes of water to occur during the main flood season 

Latter flood season - Probability (%) 

 0.05 0.2 0.33 0.5 1 2 5 10 20 

Flood peak (m3/s) 4230 3460 3180 2950 2560 2190 1700 1340 990 

1 day (108m3) 2.89 2.36 2.16 2.01 1.75 1.49 1.15 0.91 0.68 

3 days (108m3) 5.43 4.54 4.21 3.96 3.51 3.07 2.49 2.05 1.61 

7 days (108m3) 8.96 7.60 7.08 6.68 5.99 5.30 4.37 3.67 2.95 

Table 4.10. Probabilities for certain volumes of water to occur during the latter flood season 

Six hydrographs, displayed in Figure 4.3 - Figure 4.8, are the results of the calculations of the 

designed flood for the 200- and 2000-year floods. They display the expected flood fluctuation 

during a period of seven days in the pre-flood season, main flood season and latter flood 

season.   
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 Figure 4.3. Hydrograph illustrating the 2000-year flow in the pre-flood season 

 

Figure 4.4. Hydrograph illustrating the 200-year flow in the pre-flood season 
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 Figure 4.5. Hydrograph illustrating the 2000-year flow in the main flood season 

 Figure 4.6. Hydrograph illustrating the 200-year flow in the main flood season 
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 Figure 4.7. Hydrograph illustrating the 2000-year flow in the latter flood season 

Figure 4.8. Hydrograph illustrating the 200-year flow in the latter flood season 
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The flood routing calculation is presented in four tables, Table 4.11 - Table 4.14, showing 
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FSR and measured values of 2013 in each stage of the flood season. The reservoir is designed 

for maximum water levels of 835.97 meters and 835 meters for the probabilities 0.05% and 

0.5% presented in the background, these levels cannot be exceeded at any time. 

The result illustrates that the pre-flood season allows initial water levels up to 835 meters in 

all four scenarios. The main flood season, however, craves initial water levels that are lower 

than 835 meters in order to meet the requirements for both frequencies. For the probability 

0.05%, the initial water level must be set to values equal to or lower than 824.7 meters, and 

for the probability 0.5% the upper limit for the initial water level is 834 meters. During the 

latter flood season, initial water levels up to 835 meters are allowed for the probability 0.5%, 

but for the probability 0.05% the initial water level cannot exceed 833.4 meters without 

causing downstream flooding.   

FSR P=0.05% 

Pre-flood season Main flood season Latter flood season 

Z limit (m) Z max (m) Z limit (m) Z max (m) Z limit (m) Z max (m) 

818 828.0153379 818 835.076394 818 832.2739772 

819 828.2815382 819 835.1876016 819 832.497306 

820 828.5422391 819-824 Z max < Z(P=0.05) 829-834 Z max < Z(P=0.05) 

820-834 Z max < Z(P=0.05) 824 835.8087575 833.2 835.7958697 

834 834.0471168 824.7 835.8891265 833.4 835.8686911 

835 835 824.8-835 Z max > Z(P=0.05) 833.5-835 Z max > Z(P=0.05) 

Table 4.11. The maximum water levels occurring in the reservoir for corresponding initial water level 

based on the FSR for the probability 0.05% in every part of the flood season 

FSR P=0.5% 

Pre-flood season Main flood season Latter flood season 

Z limit (m) Z max (m) Z limit (m) Z max (m) Z limit (m) Z max (m) 

818 818.8158078 818 829.0022378 818 824.6635445 

819 819.6719615 819 829.2312949 819 825.1544092 

820 820.5958507 820 829.4659781 820 825.6637736 

820-834 Z max < Z(P=0.5) 820-834 Z max < Z(P=0.5) 820-834 Z max < Z(P=0.5) 

834 834 834 834.9981901 834 834 

835 835 834.1-835 Z max > Z(P=0.05) 835 835 

Table 4.12. The maximum water levels occurring in the reservoir for corresponding initial water level 

based on the FSR for the probability 0.5% in every part of the flood season 

2013 P=0.05% 

Pre-flood season Main flood season Latter flood season 

Z limit (m) Z max (m) Z limit (m) Z max (m) Z limit (m) Z max (m) 

818 828.2511893 818 835.1521626 818 832.4780802 

819 828.4471629 819 835.2496974 819 832.634225 

820 828.6925315 819-824 Z max < Z(P=0.05) 819-833 Z max < Z(P=0.05) 

820-834 Z max < Z(P=0.05) 824.4 835.8879734 833 835.7836406 

834 834.0426815 824.7 835.9657865 833.4 835.9376479 

835 835 824.7-835 Z max > Z(P=0.05) 833.5-835 Z max > Z(P=0.05) 

Table 4.13. The maximum water levels occurring in the reservoir for corresponding initial water level 

based on measurements in 2013 for the probability 0.05% in every part of the flood season 
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2013 P=0.5% 

Pre-flood season Main flood season Latter flood season 

Z limit (m) Z max (m) Z limit (m) Z max (m) Z limit (m) Z max (m) 

818 819.0847852 818 829.2791007 818 825.1447175 

819 819.7739262 819 829.4304703 819 825.4986841 

820 820.6399687 820 829.6271973 820 825.953246 

820-834 Z max < Z(P=0.5) 820-834 Z max < Z(P=0.5) 820-834 Z max < Z(P=0.5) 

834 834 834 834.9755643 834 834 

835 835 834.1-835 Z max > Z(P=0.05) 835 835 

Table 4.14. The maximum water levels occurring in the reservoir for corresponding initial water level 

based on measurements in 2013 for the probability 0.5% in every part of the flood season 

The result of the backwater computation is presented in two sorts of tables; one displaying the 

maximum water level occurring in the reservoir at initial water levels of 835, 834, 833, 832, 

831, 830 and 825 meters as well as peak flows for all stages of the flood season, and another 

showing the water elevation at the bridges of interest during all three stages at the same initial 

water levels. These tables repeat for all the probabilities 1%, 2% and 5%, resulting in six 

tables in total, Table 4.15 – Table 4.20. As illustrated in these tables, the water elevation at the 

Old Babian Bridge and the New Babian Bridge never exceeds the safety limitations of 849.09 

meters and 846.72 meters respectively. 

P = 1 % 

 Pre-flood season Main flood season Latter flood season 

Peak flow (m3/s) 1773 3670 2560 

Initial water level (m) Max water level (m) Max water level (m) Max water level (m) 

835 835.00 835.00 835.00 

834 834.00 834.86 834.00 

833 833.00 834.42 833.00 

832 832.00 834.07 832.00 

831 831.00 833.73 831.00 

830 830.00 832.79 830.00 

825 825.00 831.73 826.72 

Table 4.15. Maximum water level in the reservoir for corresponding initial water level as well as peak 

flow for every stage of the flood season and the probability 1% 

P = 1 % 

 Pre-flood Main flood Latter flood 

Initial 
water level 

Water level 
Old Babian 

Water level 
New Babian 

Water level 
Old Babian 

Water level 
New Babian 

Water level 
Old Babian 

Water level 
New Babian 

835 m 845.26 m 839.51 m 848.94 m 842.74 m 847.08 m 840.99 m 

834 m 845.26 m 839.45 m 848.94 m 842.73 m 847.08 m 840.93 m 

833 m 845.26 m 839.41 m 848.94 m 842.71 m 847.07 m 840.90 m 

832 m 845.26 m 839.40 m 848.94 m 842.70 m 847.07 m 840.88 m 

831 m 845.26 m 839.39 m 848.94 m 842.69 m 847.07 m 840.87 m 

830 m 845.26 m 839.39 m 848.93 m 842.66 m 847.07 m 840.86 m 

825 m 845.26 m 839.39 m 848.93 m 842.65 m 847.07 m 840.86 m 

Table 4.16. Water levels caused by backwater effects at the Old Babian Bridge and the New Babian 

Bridge during every part of the flood season for the probability 1%  and varying initial water levels in 
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the reservoir 

P = 2 % 

 Pre-flood season Main flood season Latter flood season 

Peak flow (m3/s) 1480 3170 2190 

Initial water level (m) Max water level (m) Max water level (m) Max water level (m) 

835 835.00 835.00 835.00 

834 834.00 834.00 834.00 

833 833.00 833.07 833.00 

832 832.00 832.47 832.00 

831 831.00 831.92 831.00 

830 830.00 831.44 830.00 

825 825.00 829.47 825.02 

Table 4.17. Maximum water level in the reservoir for corresponding initial water level as well as peak 

flow for every stage of the flood season and the probability 2% 

P = 2 % 

 Pre-flood Main flood Latter flood 

Initial 
water level 

Water level 
Old Babian 

Water level 
New Babian 

Water level 
Old Babian 

Water level 
New Babian 

Water level 
Old Babian 

Water level 
New Babian 

835 m 844.50 m 838.89 m 848.15 m 841.99 m 846.21 m 840.32 m 

834 m 844.49 m 838.82 m 848.15 m 841.94 m 846.20 m 840.26 m 

833 m 844.49 m 838.79 m 848.15 m 841.91 m 846.20 m 840.23 m 

832 m 844.49 m 838.78 m 848.14 m 841.90 m 846.20 m 840.21 m 

831 m 844.49 m 838.78 m 848.14 m 841.90 m 846.20 m 840.20 m 

830 m 844.49 m 838.77 m 848.14 m 841.89 m 846.20 m 840.20 m 

825 m 844.49 m 838.77 m 848.14 m 841.88 m 846.20 m 840.19 m 

Table 4.18. Water levels caused by backwater effects at the Old Babian Bridge and the New Babian 

Bridge during every part of the flood season for the probability 2%  and varying initial water levels in 

the reservoir 

P = 5 % 

 Pre-flood season Main flood season Latter flood season 

Peak inflow (m3/s) 1117 2520 1700 

Initial water level (m) Max water level (m) Max water level (m) Max water level (m) 

835 835.00 835.00 835.00 

834 834.00 834.00 834.00 

833 833.00 833.00 833.00 

832 832.00 832.00 832.00 

831 831.00 831.00 831.00 

830 830.00 830.00 830.00 

825 825.00 825.00 825.00 

Table 4.19. Maximum water level in the reservoir for corresponding initial water level as well as peak 

flow for every stage of the flood season and the probability 5% 
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P = 5 % 

 Pre-flood Main flood Latter flood 

Initial 
water level 

Water level 
Old Babian 

Water level 
New Babian 

Water level 
Old Babian 

Water level 
New Babian 

Water level 
Old Babian 

Water level 
New Babian 

835 m 843.40 m 838.05 m 847.00 m 840.92 m 845.08 m 839.36 m 

834 m 843.40 m 837.96 m 847.00 m 840.86 m 845.08 m 839.30 m 

833 m 843.40 m 837.93 m 846.99 m 840.83 m 845.07 m 839.26 m 

832 m 843.40 m 837.93 m 846.99 m 840.81 m 845.07 m 839.25 m 

831 m 843.40 m 837.93 m 846.99 m 840.80 m 845.07 m 839.24 m 

830 m 843.40 m 837.93 m 846.99 m 840.79 m 845.07 m 839.24 m 

825 m 843.40 m 837.93 m 846.99 m 840.79 m 845.07 m 839.24 m 

Table 4.20. Water levels caused by backwater effects at the Old Babian Bridge and the New Babian 

Bridge during every part of the flood season for the probability 5%  and varying initial water levels in 

the reservoir 

4. Discussion and recommendation 

To begin with, the primary software programs used to perform all calculations necessary in 

this study are MATLAB and Excel. In the method, basic information about the calculations as 

well as the expected result is presented, and the calculations may thus be performed in 

optional programs. A selection of Excel files, MATLAB codes and functions for the all 

computations are attached in Appendix IV with the intention of illustrating an example and 

providing inspiration. Some results, like the partition of the flood season, are on the other 

hand based on more graphical analysis and simpler calculations, and no derivation of these 

results is therefore available. When analyzing these results, it is nevertheless important to 

have in mind all possibilities that might affect the accuracy of the outcome.  

4.1 Partition of the flood season 

The partition of the flood season is based on three methods working in different ways. It can 

be argued that the mathematical statistics method is not as accurate as the fractal analysis 

method since it only studies the three largest peak flows of every year. These flows could 

appear due to short, but intense, rain and may not reflect the larger picture of the flood season, 

whereas the fractal analysis method is based on a more complex mathematical analysis by 

using the maximum flow of each day and comparing different lengths of each part of the flood 

season. In this study, however, the mathematical statistics method and the fractal analysis 

method result in the same partition of the flood season, proving the importance of several 

complementing methods to get an as correct result as possible.  

4.2 Calculation of the 200- and 2000-year flood 

The peak flows calculated in the present study, presented in the second part of the results 

above, are compared to the results of the FSR. According to staff at Hohai University, an 

already existing and published work, like the FSR, should always be treated as if the results 

presented in it are correct, and a comparison with such a study may affect the outcome to the 

better. As seen, the FSR presents larger peak inflows than the ones of the present study. This 

means that by using the result of the FSR, water level limits in the reservoir should be lowered 

due to safety aspects, and the result in the FSR is therefore more suitable for further analysis 
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of the reservoir water limits. Furthermore, when calculating the peak inflows and volumes for 

all probabilities in every part of the flood season using CurveFitting, some requirements for 

CV and CS had to be met. For these requirements to be met, a lot of adjustments had to be 

done which affected the results and made them seem manipulated. All of these adjustments 

might be another reason to trust the results presented in the FSR more, since the main focus, 

once again, should always be on safety. 

When studying dam safety, it is important to consider different scenarios and prepare for 

extreme flows. By studying extreme cases such as 200- and 2000-year flows and constructing 

dams based on the largest flows calculated, actions are taken in order to make sure that the 

dam of interest will be safe in case of flows this large. The fact that safety is a main concern 

when working with hydropower is clear, but it is also important to find a balance between 

safety measures and cost. The safer a dam is built, the higher the cost. Normally, the desire is 

to set a water level in the reservoir low enough to avoid any kind of flooding and keep all 

turbines running, and at the same time high enough to get optimal power extraction. Finding 

this balance when setting the water level is not as easy as it might seem, though.  

4.3 Determination of the initial water level in the reservoir 

The computation of the range for the initial water level in the reservoir is performed in two 

steps. When comparing restrictions on the initial water level in the reservoir from the flood 

routing calculation and the backwater computation, it is clear that the flood routing calculation 

has a large influence on the initial water level whereas the backwater does not affect the initial 

water level in the reservoir at all. This is actually not that surprising since the bridges of 

interest for the backwater computation are located 27.5 and 33 kilometers upstream the dam. 

The elevation differences between the reservoir and the bridges are 61 and 57 meters, so if the 

water level in the reservoir changes one or two meters it is not very likely that the water levels 

at the bridges will be affected. This is also shown in the result, computed in HEC-RAS. 

The backwater calculations with HEC-RAS did not give the same water levels at the bridges 

for some initial water levels in the reservoir as the result presented in the FSR. The water 

levels at the bridges calculated in the present study were lower than levels according to the 

FSR. Computations for both steady and unsteady flows have been performed.  

The unsteady flow computations were performed to try to calibrate given Manning’s values 

for cross sections close to the bridges to give expected water levels. If this had worked, the 

calibrated Manning’s values were to be used for further computations. These attempts did, 

however, not succeed since the water levels at the two bridges did not change with different 

initial water levels at the dam site.    

Assuming that geometric and flow data was inserted properly to HEC-RAS, and that the 

computations were carried out in a correct way, the conclusion can be drawn that the water 

levels at Old Babian Bridge and New Babian Bridge do not depend on the water level at the 

dam site. In this study, the backwater computation was performed based on geometric data 

collected in the year of 2013.  

A backwater computation should also study a case where the sedimentation during a certain 
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time period, e.g. 20 or 30 years, is considered. The reason for this is that a large amount of 

sediment could cause the water levels to increase at certain locations, causing damage on 

highways and bridges that need to be protected from flooding. Such data, however, was not 

available in present study and the deposition of sediment is thus not considered.  

4.4 Conclusion 

The final partition of the flood season was received by combining all three methods described 

earlier, resulting in that the pre-flood season starts on June 1 and ends on June 30, the main 

flood season starts on July 1 and ends on September 30 and the latter flood season starts on 

October 1 and ends on November 30. 

Both the calculation of the flood peaks and volumes as well as the designed hydrographs 

display that the largest flow occurs during the main flood season at the probability 0.05%. The 

largest flow is 5890 m
3
/s. 

The initial water level in the reservoir has to be restricted during main- and latter flood season 

to prevent downstream flooding, but not during the pre-flood season. The maximum initial 

water levels during the main- and the latter flood season are 824.7 meters and 833.4 meters 

respectively. 

The water levels at Old Babian Bridge and New Babian Bridge are not affected by the water 

level in the reservoir. If, on the other hand, locations closer to the dam site were to be 

prevented from flooding, further restrictions on the initial water level in the reservoir may be 

needed since backwater effects are still visible at sites near the dam 

4.5 Recommendations 

Though the main focus in this study has been to determine within what range the initial water 

level in the reservoir can vary throughout the flood season, there are many other aspects that 

can be studied more closely. Sedimentation and sediment transport are both big problems 

within the hydropower industry and are examples of areas for further study. Erosion 

downstream the dam follows as a result of a large decrease in sediment reaching the lower 

parts of the river. 

Large deposition of sediment in the reservoir may affect the power generation in a negative 

way. The sediment issues are closely related to the optimization of power extraction, which is 

another important area of study. The result of the present study can therefore be 

complemented with additional studies in these areas to get a deeper understanding of the 

economics and safety issues associated with hydropower constructions and generation. A 

suitable tool for optimizing the economical viability and at the same time minimizing the 

negative consequences of such a study could be a cost-benefit analysis. 

4.6 Sustainable development 

Although hydropower is considered an environmental friendly energy source, mainly due to 

its limited carbon dioxide emissions, the construction and existence of hydropower results in 

several negative effects on its surroundings as presented in the beginning of the report. The 

consequences are not only ecological, but also social and economical. In this study, a mixture 
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of all three aspects plays a major role for the specified requirements resulting in the outcome 

presented above. The economical driving force is of course to maximize energy production, 

but the social and ecological requirements are as important.  

From a social aspect, it is vital that flooding both up- and downstream the dam is prevented.  

Flooding downstream the dam occurs when the discharge from the dam is too big, and to 

avoid this, the optimal water level in the reservoir is determined with respect to the inflow and 

discharge. This water level may however cause flooding upstream the dam due to backwater 

effects, and further regulations must in that case be done. Flooding causes major social 

problems in terms of damage of agricultural lands, human injury as well as destruction of 

houses and buildings. These problems also highly affect the economy of the country in 

conjunction with high costs for the building of new houses, hospital expenses and lost harvest 

of crops. 

The ecological consequences related to this study are mainly connected to the erosion of the 

river downstream the dam and the effects it carries with it. Erosion occurs, as with flooding, 

when the discharge from the dam is too large or due to a low amount of sediment in the 

discharge caused by sedimentation in the reservoir. The primary ecological effect of erosion is 

disruption of different species, in particular fishes, which may lead to unbalance in 

ecosystems causing change in biodiversity. This type of change can give rise to alien species, 

extinction of already existing species as well as loss of ecosystem services, and is 

subsequently extremely hard to give a monetary value.   
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Appendix I – River reach 
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Figure 1. Illustration of important cross sections and bridges upstream the Yayangshan dam 
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Appendix II – Existing data 

Below follows a detailed list over the already existing data used for all calculations performed 

in this report. The material is divided into the three steps in which they were used. All data is 

presented in the FSR, except for one relation curve of water level and storage, which was 

measured in 2013. 

Partition of the flood season 

 Hydrometric station: LongMajiang 

 Daily average flow of LongMajiang 1957-1995 in flood season 

 Daily maximum flow of LongMajiang 1957-1995 in flood season 

 Peak inflow at dam site 1957-1995 in flood season 

Calculation of the 200- and 2000-year flood 

 Typical flood hydrographs 

1961.6.13 – 1961.6.19  LongMajiang 

1966.7.28 – 1966.8.5   LongMajiang 

1965.10.24 – 1965.10.31 LongMajiang 

 Peak inflow and flood volume of dam site 1957-1995 in flood season 

Determining initial water level at the reservoir 

 The relation curve of water level – storage, presented in FSR 

 The relation curve of water level – storage, measured in 2013 

 The discharge capacity curve of Yayangshan 

 The staged design flood hydrograph and the staged check flood hydrograph 

 The bed roughness factor 

 The river cross section data 
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Appendix III - CurveFitting 

Figure 1. Example from the software program CurveFitting  
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Appendix IV – Excel and MATLAB code 

 

MATLAB is used to calculate the largest volume of the inflow during a period of one, three 

and seven days. The function trapz is used to calculate the separate volumes of each time 

period which later are compared to determine during what day, and days, that the inflow 

brings the largest volume. Below follows the MATLAB-code for each of the three parts of the 

flood seasons.  

Pre-flood season 

% The program starts by plotting the designed flood hydrograph. Every hour within the time 

period of the flood hydrograph have been numbered, starting by giving the first hour of the 

first day the number zero and then counting until the last hour of the last day. The two vectors 

“hour” and “discharge” consist of the same number of values. Each value in the “hour” vector 

has a corresponding value in the “discharge” vector. For example, the first value in the “hour” 

vector is four and the first value in the “discharge” vector is 280. This means that the 

discharge of the dam is 280m
3
/s during hour four, e.g. the hour between 03:00 and 04:00. 

close all, clear all, clc 
hour = [4 6 8 10 11 12 13.5 14 14.3 15 15.8

 16.5 17 18 20 21 22 23.5 24 26 27 28 29

 30 31 32 34 35 36 38 39 40 42 46 48

 52 54 60 64 66 68 70 74 78 80 84 86

 90 92 96 102 108 114 120 126 138 150 162 174

 186]; 
discharge = [280 274 276 296 358 435 785 918 972 1120

 1200 1240 1260 1220 1180 1270 1360 1410 1420 1420 1400

 1280 1230 1190 1160 1140 1110 1110 1130 1150 1140 1110

 1040 898 848 812 805 782 802 812 828 802 674 584

 569 550 538 512 492 484 460 412 378 378 343 287

 255 224 196 173]; 
plot(hour,discharge,'-r' ); 

 

% The function trapz is used to determine during what date within the hydrograph that the 

largest volume occurs for time periods of one, three, and seven days. As displayed below, the 

function studies one part of the graph at the time. When studying the time period of one day 

the volume of the first date is named “V10”, the second “V11”, etc. When studying the time 

period of three days the period of date one to three is named “V30”, the period of date two to 

four is named “V31”, etc. The same principle is used for the study of a 7 day period. To see 

what part of the plotted hydrograph that should be used in the function a study of the vector 

values is necessary. The first date ends after 24 hours, this number is value 19 in the “hour” 

vector and number 19 is therefore set as the last value for “V10”. The same principle is used 

for the rest of the trapz functions where the end value always represent the end of one date 

and the start of the next one. 
 
V10 = trapz(hour(1:19),discharge(1:19)) 
V11 = trapz(hour(19:35),discharge(19:35)) 
V12 = trapz(hour(35:43),discharge(35:43)) 
V13 = trapz(hour(43:50),discharge(43:50)) 
V14 = trapz(hour(50:54),discharge(50:54)) 
V15 = trapz(hour(54:57),discharge(54:57)) 
V16 = trapz(hour(57:59),discharge(57:59)) 
V17 = trapz(hour(59:60),discharge(59:60)) 
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V30 = trapz(hour(1:43),discharge(1:43)) 
V31 = trapz(hour(19:50),discharge(19:50)) 
V32 = trapz(hour(35:54),discharge(35:54)) 
V33 = trapz(hour(43:57),discharge(43:57)) 
V34 = trapz(hour(50:59),discharge(50:59)) 
V35 = trapz(hour(54:60),discharge(54:60)) 

  
V70 = trapz(hour(1:59),discharge(1:59)) 
V71 = trapz(hour(19:60),discharge(19:60)) 
 

Main flood season. 

 

% See description of the pree-flood season code. 

 
close all, clear all, clc 
hour = [2 4 6 8 10 11 13 14 15 15.5 16.5 17

 18 19 20 21 22 23 24 26 28 30 32 38

 41 44 48 50 52 55 60 63 65 68 74 80

 83 86 95 98 106 110 122 134 140 146 152 155

 158 161 164 166 170 173 179 188 194]'; 
discharge = [376 599 973 1150 1310 1430 1720 1790 2010 2060

 2110 2090 2020 1960 1940 1990 2100 2130 2090 1930 1690

 1550 1480 1440 1360 1340 1280 1420 1430 1360 1340 1370

 1380 1330 1290 1170 1120 1080 991 959 909 906 803 710

 703 655 652 681 703 710 665 675 756 806 766 703

 687]'; 
plot(hour,discharge,'-r' ); 
hold on 

  
V10 = trapz(hour(1:19),discharge(1:19)) 
V11 = trapz(hour(19:27),discharge(19:27)) 
V12 = trapz(hour(27:35),discharge(27:35)) 
V13 = trapz(hour(35:40),discharge(35:40)) 
V14 = trapz(hour(40:43),discharge(40:43)) 
V15 = trapz(hour(43:46),discharge(43:46)) 
V16 = trapz(hour(46:53),discharge(46:53)) 
V17 = trapz(hour(53:57),discharge(53:57)) 

  
V30 = trapz(hour(1:35),discharge(1:35)) 
V31 = trapz(hour(19:40),discharge(19:40)) 
V32 = trapz(hour(35:43),discharge(35:43)) 
V33 = trapz(hour(43:46),discharge(43:46)) 
V34 = trapz(hour(50:53),discharge(50:53)) 
V35 = trapz(hour(54:57),discharge(54:57)) 

  
V70 = trapz(hour(1:53),discharge(1:53)) 
V71 = trapz(hour(19:57),discharge(19:57)) 
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Latter flood season. 

% See description of the pree-flood season code. 

close all, clc 
hour = [14 14.58 15 17 18 20 26 32 38 41 45 49

 53 54 55 56 57 60 64 70 72 74 76 80

 82 84 86 94 101 107 116 119 122 125 131 134

 140 152 164]'; 
discharge = [460 500 574 601 629 752 779 889 1100 1360

 1660 1920 2000 2020 2000 1990 1930 1890 1680 1480 1360

 1350 1320 1300 1260 1250 1230 1090 892 796 709 706 687

 684 706 690 619 505 541]'; 

  
plot(hour,discharge,'-r' ) 
hold on 

  
area(hour(1:4),discharge(1:4)) 

  

  
% V10 = trapz(hour(1:7),discharge(1:7)) 
% V11 = trapz(hour(7:12),discharge(7:12)) 
% V12 = trapz(hour(12:21),discharge(12:21)) 
% V13 = trapz(hour(21:28),discharge(21:28)) 
% V14 = trapz(hour(28:33),discharge(28:33)) 
% V15 = trapz(hour(33:37),discharge(33:37)) 
% V16 = trapz(hour(37:39),discharge(37:39)) 
%  
% V30 = trapz(hour(1:21),discharge(1:21)) 
% V31 = trapz(hour(7:28),discharge(7:28)) 
% V32 = trapz(hour(12:33),discharge(12:33)) 
% V33 = trapz(hour(21:37),discharge(21:37)) 
% V34 = trapz(hour(28:39),discharge(28:39)) 
%  
% V70 = trapz(hour(1:39),discharge(1:39)) 

  
V = trapz(hour(1:4),discharge(1:4)) 
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Three separate files where created for each part of the flood season, both the 200- and 2000- 

year flow, with respect to data in the FSR and data measured in 2013 respectively. This 

resulted in a total of 36 files consisting of 12 Excel files, 12 MATLAB-programs and 12 

MATLAB-functions. Below follows an example of the MATLAB-function, MATLAB-code 

and Excel files, see Table 1  and 2, used for the flood routing calculation, these are the files 

used for the main flood season, the frequency rate 0.05% and with respect to data from the 

FSR. 

Zv (m) Vv (m
3 ∙104) Zq (m) q (m3/s) 

815 7482.76 816 1795 

816.05 7965.52 818 1841 

817.004 8413.79 820 1887 

818.053 9000 822 1931 

819.008 9517.24 824 1974 

819.962 10069 826 2092 

821.011 10655.2 828 2277 

822.061 11241.4 830 2509 

823.015 11862.1 831 2640 

823.969 12517.2 832 2778 

825.019 13241.4 832.4 2840 

825.878 13862.1 833 2934 

827.023 14620.7 834 3096 

828.073 15344.8 835 3272 

829.027 16137.9 836 3449 

829.981 16931 837 3634 

830.935 17689.7 838 3837 

831.985 18551.7 838.3 3901 

833.034 19379.3 839 4036 

833.989 20310.3   

835.038 21206.9   

835.897 22103.4   

836.565 22723.3   

837.042 23171.5   

Table 1. The first two columns display the ratio between the water level and the volume in the 

reservoir, the last two columns display the ratio between the water level in and the discharge 

from the reservoir. 
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Table 2.  These columns follow in the same table as the ones in Table 1, displaying the 

incoming flow hour by hour. 

Q t Q forts t forts Q forts t forts Q forts t forts 

475.9187 0 3427.821 42 1483.618 84 1039.219 126 

617.0488 1 3182.676 43 1470.033 85 1028.573 127 

758.1789 2 2937.532 44 1456.448 86 1017.927 128 

994.8725 3 2692.387 45 1442.864 87 1007.28 129 

1231.566 4 2447.242 46 1429.279 88 996.6339 130 

1343.584 5 2122.297 47 1415.695 89 985.9875 131 

1455.602 6 1797.352 48 1402.11 90 975.3412 132 

1556.862 7 1803.681 49 1388.526 91 973.7385 133 

1658.121 8 1810.01 50 1374.941 92 972.1359 134 

1810.01 9 1780.476 51 1361.357 93 970.5332 135 

1993.542 10 1750.942 52 1346.704 94 968.9305 136 

2177.075 11 1721.408 53 1332.051 95 967.3278 137 

2265.677 12 1716.345 54 1317.397 96 965.7252 138 

2544.14 13 1711.282 55 1308.812 97 954.7354 139 

2639.07 14 1706.219 56 1300.226 98 943.7457 140 

2645.399 15 1701.156 57 1291.64 99 932.7559 141 

2556.797 16 1696.093 58 1283.054 100 921.7661 142 

2480.853 17 1708.751 59 1274.469 101 910.7764 143 

2455.538 18 1721.408 60 1265.883 102 899.7866 144 

2518.825 19 1734.065 61 1257.297 103 899.0998 145 

2658.056 20 1740.394 62 1248.711 104 898.4129 146 

5890 21 1746.723 63 1247.681 105 897.726 147 

5346.377 22 1725.627 64 1246.651 106 897.0392 148 

5141.731 23 1704.531 65 1245.621 107 896.3523 149 

4937.085 24 1683.436 66 1244.59 108 895.6655 150 

4630.116 25 1686.605 67 1232.799 109 908.9447 151 

4323.147 26 1689.775 68 1221.008 110 922.224 152 

4144.082 27 1692.944 69 1209.217 111 935.5033 153 

3965.017 28 1696.114 70 1197.426 112 945.5773 154 

3875.484 29 1699.283 71 1185.635 113 955.6512 155 

3785.951 30 1702.452 72 1173.844 114 965.7252 156 

3768.897 31 1686.586 73 1162.053 115 968.9305 157 

3751.844 32 1670.719 74 1150.262 116 972.1359 158 

3734.79 33 1654.852 75 1138.47 117 975.3412 159 

3717.736 34 1638.986 76 1126.679 118 954.7354 160 

3700.682 35 1623.119 77 1114.888 119 934.1296 161 

3683.628 36 1607.252 78 1103.097 120 913.5238 162 

3615.413 37 1584.357 79 1092.451 121 920.3924 163 

3547.198 38 1561.462 80 1081.805 122 927.261 164 

3478.982 39 1538.566 81 1071.158 123 955.0788 165 

3461.928 40 1520.25 82 1060.512 124 982.8967 166 

3444.875 41 1501.934 83 1049.866 125 1010.715 167 
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The MATLAB-function.  

 
function z_end = tri_FSR_main_005(z_1,v_1,q_in,v_control,dt) 
    Zq =zeros(19,1); 
    q  =zeros(19,1); 
    Zv =zeros(23,1); 

Vv =zeros(23,1); 

 

% Creation of vectors. Zq and q displays how the water level in the reservoir varies with 

different outflows. Zv and Vv show what volume of water the reservoir contains at different 

water levels.  
 

    Zv = 

xlsread('C:\Users\Kajsa\Documents\KTH\KEX\MATLABstep3\FSRmain005.xls','FSRm

ain005', 'A2 : A23'); 
    Vv = 

xlsread('C:\Users\Kajsa\Documents\KTH\KEX\MATLABstep3\FSRmain005.xls','FSRm

ain005', 'B2 : B23'); 
    Zq = xlsread( 

'C:\Users\Kajsa\Documents\KTH\KEX\MATLABstep3\FSRmain005.xls','FSRmain005', 

'C2 : C20'); 
    q  = xlsread( 

'C:\Users\Kajsa\Documents\KTH\KEX\MATLABstep3\FSRmain005.xls','FSRmain005', 

'D2 : D20'); 
    q_outmax =interp1(Zq,q,z_1,'linear'); 
    q_out=(v_1-v_control)*10000/dt+q_in; 
    if(q_out>q_outmax) 
        v_last=(q_out-q_outmax)*dt/10000+v_control;     
    else 
        v_last=v_control; 
    end 
    z_end=interp1(Vv,Zv,v_last,'linear');  
end 
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The MATLAB-code. 

 
clear 
Zv=zeros(23,1); 
Vv=zeros(23,1); 
t =zeros(168,1); 
Q =zeros(168,1); 

 

% Creation of vectors  

% Zv displays given water levels in the reservoir for specific volumes, these specific volumes 

are shown in vector Vv. The Q and t vectors display the inflow to the dam hour by hour.  
 
Zv = 

xlsread('C:\Users\Kajsa\Documents\KTH\KEX\MATLABstep3\FSRmain005.xls','FSRm

ain005', 'A2 : A23'); 
Vv = 

xlsread('C:\Users\Kajsa\Documents\KTH\KEX\MATLABstep3\FSRmain005.xls','FSRm

ain005', 'B2 : B23'); 
t  = 

xlsread('C:\Users\Kajsa\Documents\KTH\KEX\MATLABstep3\FSRmain005.xls','FSRm

ain005', 'F2 : F169'); 
Q  = 

xlsread('C:\Users\Kajsa\Documents\KTH\KEX\MATLABstep3\FSRmain005.xls','FSRm

ain005', 'E2 : E169'); 

 

% z_control displays the initial water level at the start of a specific part of the flood season (in 

this case the pree-flood season) in the reservoir and can be set to any value between 818 and 

835 meters.  
 
z_control = 824.8;                %%limit water level 

 

% Linear interpolation is used to calculate the variation of the water level in the reservoir 

throughout the part of the flood season that is being studied. This part of the program calls for 

the MATLAB-function that is displayed above.  
 
v_control = interp1(Zv,Vv,z_control,'linear'); 
dt(1)=(t(2,1)-t(1,1))*3600; 
q_in(1) = (Q(1,1)+Q(2,1))/2; 
z_1(1) = z_control; 
v_1(1) = interp1(Zv,Vv,z_1(1),'linear'); 
z_2(1)= tri_FSR_main_005(z_1(1),v_1(1),q_in(1),v_control,dt(1)); 

 

%z_control is renamed as z_1 and the corresponding volume in reservoir is calculated for the 

chosen initial water level. The water level in the reservoir is then calculated by interpolation 

for each hour throughout a time period of approximately seven days. 
 
for i = 2:1:167 
    dt(i)=(t(i+1,1)-t(i,1))*3600; 
    q_in(i) =(Q(i,1)+Q(i+1,1))/2; 
    z_1(i) = z_2(i-1); 
    v_1(i) = interp1(Zv,Vv,z_1(i),'linear'); 
    z_2(i)= tri_FSR_main_005(z_1(i),v_1(i),q_in(i),v_control,dt(i)); 
    i=i+1; 
end 
z_2=z_2'; 
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Appendix V - HEC-RAS 

 

The first step when working in HEC-RAS is to insert all the geometric data necessary, 

beginning with an approximate drawing of the river or rivers of interest and all reaches. In this 

case, there only was one river, Yangtze River, and one reach named Upper Yayangshan here. 

The drawing of the rivers and reaches should always be from upstream to downstream the 

dam. When the drawing is completed, it is time to create all cross section by pushing the 

“Cross Section” button as seen in Figure 1. All data for the river cross section used in this 

study is given in the FSR. 

Figure 1. Drawing of the river reach upstream the Yayangshan dam in HEC-RAS 

When creating the cross sections, values in x- and y-direction must be entered. The x-

direction represents stations horizontally from the left bank of the river to the right bank and 

the y-direction represents the vertical elevation at every station. This results in an illustration 

of the cross section, like the one seen in Figure 2. Further data on the lengths of the reach, the 

bed roughness coefficient as well as the main channel bank stations are required. In this study, 

only the length of the main channel of the reach was given, and the values are thus the same 

for both LOB (left overbank) and ROB (right overbank). This result in a straight river, which 

is not actually the case, but since it is not important for the outcome of the backwater 

computation it is accepted. Manning’s value is the same throughout the whole cross section, 

and the main channel bank stations may therefore be set to the first and last station. 
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Figure 2. Insertion of data for cross section YK08.  

The next step is to add the flow data; steady flow, unsteady flow or quasi unsteady flow 

(sediment analysis). For simplicity, the flows in this project are inserted as steady flows. 

Three different files of steady flow data are created for the probabilities 1%, 2% and 4%. Each 

of these files consists of 21 profiles for every stage of the flood season at the initial water 

levels 835 m, 834 m, 833 m, 832 m, 831 m, 830 m and 825 m in the reservoir. Depending on 

the probability, peak inflows for every stage of the flood season are added at cross section 35 

for all initial water levels in the reservoir. The peak flows only vary with the probability as 

well as the stage of the flood season, but not with the initial water level in the reservoir. This 

is why the same peak flows are inserted at all the different initial water elevations as seen in 

Figure 3. 

Figure 3. Steady Flow Data for P = 2 % 



38 
 

Since the flow is subcritical as mentioned earlier, reach boundary conditions are only set 

downstream where the water surface level is known. From the flood routing calculation, 

maximum water levels in the reservoir for all initial water levels are computed and inserted in 

the right column shown in Figure 4. 

Figure 4. Steady Flow Boundary Conditions for P = 2 % 

When all geometric data and flow data is added, it is time to run the simulation and view the 

result. To run a simulation, a new plan must be created with the geometric data and desired 

flow data. Since there are three files of flow data, there will be three plans to simulate. After 

every simulation, the result is viewed in a detailed output table, showing the water surface 

level at all cross sections for the different initial water levels like in Figure 5. The backwater 

computation may also be visualized as water surface profiles as shown in Figure 6.  

Figure 5. Profile Output Table for P = 2 % and the main flood season at a selection of cross sections 
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Figure 6. Water Surface Profile Plot for P = 2 % 

 

  


