
1 INTRODUCTION 

Water is the root of human society. Based on the mo-
tive power of the survival and development of hu-
man society, the water conservancy and hydropower 
engineering is built to make full use of the amazing 
power of water. However, as the water conservancy 
and hydropower engineering products benefits for 
our society, it is also can be significantly dangerous 
when dam-break happened. With the rapid develop-
ment of social economy, and the accelerating of the 
process of urbanization, the dam-break risk of the 
downstream is becoming more and more serious. 
The center of the safety management of water con-
servancy and hydropower engineering is shifted to 
the engineering risk management[1]. No matter what 
kinds of engineering, there always has the risk of 
crash which can cause huge loss and severe disasters 
for human life, economic and environment, figure 
out how to control those risk is the most important 
problem of the safety management of water conserv-
ancy and hydropower engineering[2]. Therefore, the 
study on the risk of water conservancy and hydro-
power engineering has significant theory and practi-
cal value. 

2 THE WATER CONSERVANCY AND 
HYDROPOWER ENGINEERING SYSTEM 

2.1 The definition of water conservancy and 
hydropower engineering 

The system of water conservancy and hydropower 
engineering can be interpreted as the whole process 

from the planning, survey, design, construction to 
the operation and management, which includes the 
main structure of water conservancy and hydropow-
er engineering and the contact interaction between 
the external environments. The material form of the 
system is water and water related hydraulic struc-
tures, which is the peculiar properties of water con-
servancy and hydropower engineering system and 
make it different from other engineering systems. 
And also because the mainly material form of the 
system is the water, it is also a subsystem of natural 
system. It is also a part of our society system which 
is closely related to national economic development. 
Therefore, the water conservancy and hydropower 
engineering system is a complex system both related 
to nature and society, and it has all features the nor-
mal engineering system has. 

2.2 The structure of water conservancy and 
hydropower engineering system 

According to the definition of water conservancy 
and hydropower engineering, the system is a hydrau-
lic structures built in a particular location and a par-
ticular time. Those different hydraulic structures 
connected and restricted with each other. 

The integrity of the system is the basic of the 
whole system, the integrity of the water conservancy 
and hydropower system embodied in the choice of a 
water conservancy hub location, determine of the 
shape of dam, the layout of other buildings and the 
dam construction. The structure and function of the 
system must be in a benign circulation to fully de-
velop the role and function of the whole system. 
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Therefore, the structure and function of the system is 
very important in the operation of the system. 

The structure of the system refers to the form and 
relationship of each element to be connected, re-
stricted with each other. In the water conservancy 
and hydropower engineering system, water and dif-
ferent hydraulic structures is the substance elements, 
the design of water conservancy, the water conserv-
ancy and hydropower project bidding, the building 
construction management and the water conservancy 
and hydropower engineering construction materials 
organization, the link between them constitute the 
system of water resources and hydropower engineer-
ing. The function of the water conservancy and hy-
dropower engineering system is the result the inter-
action of internal and external of the system, which 
includes flood control, irrigation, power generation, 
urban and industrial water and other functions. 

2.3 The indefinite factors of the water conservancy 
and hydropower engineering structure 

1) The uncertainty of load. For hydraulic structure, 
the load may exist are mainly contains the self-
respect, the water pressure from upstream and 
downstream, the uplift pressure from the dam foun-
dation and the temperature load. 2) The uncertainty 
of material parameters. The material parameters in-
clude material mechanics parameters and thermal 
parameters. 3) The uncertainty of geometry size. In 
the same condition, with different geometric size of 
the structure, the response of the structure including 
stress, displacement is not the same. 4) The uncer-
tainty of the initial conditions and boundary condi-
tions. The uncertainty of boundary conditions is de-
rived from the practical problems of complexity, the 
unpredictability of the change of boundary condi-
tions, and human knowledge limitations 5) The un-
certainty of calculation model. 

3 THE RISK ANALYSIS 

3.1 The definition of risk analysis 

The risk analysis is a comprehensive science gradu-
ally developed in recent decades, its originating in 
the United States, applicate in industry, military, etc. 
the risk analysis of water conservancy projects also 
firstly originated in the United States[3].  

The risk analysis mainly contains four steps: risk 
identification, risk estimate, risk avoidance and risk 
assessment. In the step of risk identification, the first 
thing is to identify the main risk source may lead to 
dam failure, then description the model and the logi-
cal relationship of various kinds of events may cause 
dam damage. In the step of risk estimate, the condi-
tion probability of each event tree branch and causal 
relationship between damage forms represented by 
each branch should be given. In the step of risk 

avoidance, the engineering and non-engineering 
measures can reduce the risk of dam failure should 
be find out. The risk assessment is a decision pro-
cess, through which can determine what an accepta-
ble level of risk is or what kind of plan to reduce risk 
and reduce the investment effect is the best. 

3.2 The risk analysis methods 

3.2.1 The qualitative risk analysis methods 
The qualitative analysis refers to the use of logical 
methods such as inductive and deductive, analysis 
and synthesis to research the nature and attribute of 
things. The qualitative risk analysis methods judge 
the system risk profile mainly based on the quantita-
tive information like the researcher’s knowledge, 
experience, and the system environment, the trend of 
the policies and regulations, and special examples. It 
is usually used on the risk main body which the risk 
can’t be measured specifically. The resources risk 
and vulnerability of the system can be conveniently 
analyzed with the qualitative risk analysis. the quali-
tative methods like the expert experience method, 
analytic hierarchy process (AHP), matrix analysis 
and situation analysis, etc. are commonly used in the 
qualitative risk analysis[4]. 

3.2.2 The quantitative risk analysis 
The quantitative analysis refers to the use of quanti-
tative methods and computing tools to research the 
quantity characteristics, quantity relationship varia-
tions, etc. the quantitative risk analysis methods is 
the study of the relationships and changes of the risk 
body’s quantitative character with the tools of math-
ematics on the basis of the logic of qualitative analy-
sis. The quantitative methods usually be used in the 
risk analysis are as follows: 

1) The method of mathematical statistics analysis. 
The extremum statistics and the data statistical anal-
ysis methods are mostly used. The extreme statistics 
is mainly dealing with the maximum and the mini-
mum capacity of a certain sample. As to the data sta-
tistical analysis method, the description of statistics 
and inferential statistics are commonly used tools in 
risk analysis and uncertainty analysis. The accurate 
and relevant data parameter is prerequisite of the re-
liable of risk analysis results. In the water conserv-
ancy and hydropower engineering area, the reliabil-
ity and the resistance factor in risk analysis usually 
use statistical distribution function to describe. 

2) The risk analysis method based on reliability. 
The commonly used risk estimation methods based 
on reliability are return period method, the direct in-
tegral method, a second-order moment method 
(FOSM) and its improved algorithm, the point esti-
mation method, the response surface method (RSM) 
and optimization method, stochastic finite element 
method (TSFEM), etc. 
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3) The risk simulation analysis method. Some-
times there exist relatively complex influence mech-
anism in the risk analysis which make it difficult to 
correctly estimate and determine the parameter of 
the distribution. Therefore, in this situation, using 
the simulation method for risk analysis is a very ef-
fective method. It can be divided into two catego-
ries, the deterministic model and probabilistic simu-
lation. The most obvious difference of those two is 
the inner factor of model, the former is certain while 
the latter is uncertain. The probabilistic simulation is 
more suitable for risk analysis; the Monte Carlo 
method is the most commonly used. The Monte Car-
lo simulation technique is an effective tool to sto-
chastic simulation, also an effective approach to risk 
analysis of dam multiple crash model. 

4) The fuzzy synthetic evaluation. The fuzzy 
evaluation analysis can make the fuzzy language 
variables in the risk analysis quantitatively with 
membership functions[5]. Because it is difficult to 
accurately describe the indicators in a specific pro-
ject or event risk evaluation index system, the fuzzy 
synthetic evaluation can be used to make synthetic 
evaluation. Specifically, is to determine the fuzzy 
comprehensive evaluation index set and gives the 
comprehensive assessment of the risk level set. 

5) The maximum entropy method. The infor-
mation entropy is basis of the maximum entropy 
method which is a measure of the uncertainty for 
random variables in the whole range. In the risk 
analysis, the information entropy, risk estimate and 
probability method can be organically linked to es-
tablish the maximum entropy risk estimation model. 
In addition, the grey system theory, Bayesian theory, 
artificial neural network and genetic algorithm can 
also be used to make quantitative risk analysis. 

4 THE RISK ANALYSIS OF WATER 
CONSERVANCY AND HYDROPOWER 
ENGINEERING 

1) The risk of water conservancy and hydropower 
engineering system is objective existence because of 
the difference between people's understanding level 
and the objective systems. And the development of 
science and technology also is the result people 
gradually explored in the process of practice.2) The 
risk of water conservancy and hydropower engineer-
ing system is uncertain. The prediction of the natural 
river hydrological and flood prediction is conducted 
on the basis of the statistical law, so as to the analy-
sis of flooding has not yet occurred on river basin is 
uncertain, which could cause the failure of water 
conservancy and hydropower engineering system. 3) 
The effects of water conservancy and hydropower 
engineering system risk is uncertain. Because of the 
complexity of the water conservancy and hydropow-
er engineering system, the time and position of the 

occurrence of the water conservancy and hydropow-
er engineering system risk is uncertain. Sometimes it 
will encounter difficulties to find the reason in the 
case of the failure of water conservancy and hydro-
power engineering system. 4) The risk of water con-
servancy and hydropower engineering system is 
predictable. The mathematical statistics and proba-
bility methods are often used in risk identify of wa-
ter conservancy and hydropower engineering sys-
tem. 5) The risks and benefits of the water 
conservancy and hydropower engineering is a con-
tradictory unity. The purpose of the construction of 
water conservancy and hydropower engineering sys-
tem is to develop the engineering benefit. The effi-
ciency increases, the engineering risk is relatively 
high, while the efficiency is reduced, it will decrease 
the risk of project. The risks and benefits of water 
conservancy and hydropower engineering system is 
coexisting. 

The water conservancy and hydropower engineer-
ing system risks have a variety forms of expression. 
In the different state of the construct of the system, 
there exist variety kinds of dangerous and risks. 
Such as in the early exploration stage, if not fully 
understand the dam foundation and the existence of 
fracture zone, the risk of dam-break would be hap-
pened after the completed of the system which can 
cause serious harm to people's life and property. 

5 SUMMARY 

According to the risk analysis of water conservancy 
and hydropower engineering system in the above, it 
exists many kinds of risks during the construction of 
the water conservancy and hydropower engineering. 
Therefore, the construction, operation and manage-
ment of water conservancy and hydropower engi-
neering system all need to be careful decision-
making. And on the basis of fully understand the 
risks, controlling the risk and decreasing the risk 
damage to the minimum is the main significance of 
the water conservancy and hydropower engineering 
risk analysis. 
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