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ABSTRACT 
 

In the paper some topics of nuclear safety are discussed, namely 
-  current situation in the world energetics and a potential of nuclear energy for sustainable 

development of the world, 
-  Nuclear Safety Standards and modern trends in Safety Regulation,  
-  Radiation Protection Standards are rather conservative, are based on disputable  

approaches and have to be more pragmatic, 
- necessity to overcome the syndromes of awful consequences of nuclear accidents at 

nuclear plants, 
- residual risks of nuclear accidents have to be covered by clear compulsory insurance 

actions. 
 It is shown, that now it is worthwhile to consider efficiency of existing methods of 

nuclear safety regulation. It is possible, that an idea of guaranteed safety [1] could become a 
new approach to nuclear safety. It is based on practically total elimination of severe accidents 
and insurance of residual risks of nuclear accidents. The realization of such idea necessitates 
the consideration of all spectrum of initiating events, human errors and man-made actions, 
more realistically predicting consequences of accidents and the probable economical 
detriments. It will be a benefit for gaining public support to nuclear power. 

       
1.  CURRENT SITUATION IN THE WORLD ENERGETICS  

 
In the 21 century the mankind faces with the whole package of complex sociopolitical, 

economic and environmental problems. The basic problems are created by expected rapid 
growth of the population and of energy demands. Others are connected with environmental 
contamination by products of the industrial activity, close exhausting of cheap power 
resources, threats of significant climatic changes, the further stratification of the population of 
the Earth in the poor and the rich. Last circumstance causes anxiety in the countries, fraught 
with serious social conflicts. The restless public atmosphere, growth of natural and 
technogenic accidents as a result of fast and non-uniform industrial development of regions 
complicate a search for ways of sustainable progress of a society.                        
The majority of nuclear scientists believe, that the solution of power problems of the world 
and sustainable development of mankind are possible only on ways of the further extension of 
nuclear energy uses.   

It is understandable that in XXI century the nuclear energy will play the important role. 
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Nuclear energy can provide the solution of power problems, will give means to fight poverty, 
will promote development of agriculture and the industry. But for realization of these 
prospects it is necessary to prove advantages of a nuclear energy in comparison with 
traditional power production in such areas as competitiveness, ecological compatibility and 
safety. Besides it is necessary to solve problems of radioactive waste management, questions 
of non-proliferation of the nuclear weapons and physical protection of radioactive sources. 

Now experience of development and use of nuclear power in the world confidently 
confirms, that production of the electric power in the nuclear power station in many regions is 
cheaper, the levels of fuel reserves are higher, and the volumes of emissions of harmful gases 
are much lower, than from power plants with fossil fuels. It is possible to expect, that the use 
of nuclear power will increase in the near future. So, at a bilateral meeting of experts of 
Russia and the USA in July 2002 in Moscow “The Future of nuclear power: energy, ecology, 
safety”, possibilities of 4-5 times increasing in production of the nuclear electric power to the 
middle of this century have been discussed [2].    

However for a long time a development of nuclear power is hindered by the “greens”  and 
closing of the atomic power stations in some countries. It is caused mainly due to absence of 
public support of nuclear energy. Arguments of opponents of nuclear power are reduced to 
statements, that the nuclear power does not provide a required level of safety. But the real 
reason of public anxiety lies in only psychological sphere because a society feels fear of 
nuclear accidents with strong influence on health of people and contamination of 
environment. Such radiophobia has to be overcome by using all modern methods of public 
relations [3].   

Such situation demands for deepening of the safety assessment of the NPP, findings of 
ways of its further improvement and economic optimization. Apparently, the time has come  
to make a new step to achieve a higher level of  safety nuclear energy sources with a careful  
evaluation an economic efficiency of various protective measures. It is reasonable that such 
activities will help to cut the capital expenses. 

As a real task it is possible to speak about transition to guaranteed safety of the NPP. It 
means conditions of optimal protection of the personnel, the population and an environment 
with practical elimination of severe accidents in order to avoid harmful radiation impacts on 
health of people and environment, while the residual risks would be covered by insurance. For 
realization of such approach it is necessary to innovate methods of accident protection for 
entire spectrum of initiating events and threats, to exclude weak points in safety systems, to 
reduce the importance of the human factor in management of NPPs, to develop further 
methods of economic optimization of radiation risk. 
  
2. CURRENT NUCLEAR SAFETY STANDARDS 

 
It is a long time as it became clear, that among the problems of the development of 

nuclear power (economic, ecology, safety) the problems of nuclear safety and radiation 
protection are very important.  It implies the creation of necessary and sufficient protection of 
the population and environment from harmful influences of radiation and radioactive 
substances.   

The internationally accepted principles and criteria of Nuclear Safety have been developed 
under aegis of IAEA in well-known Programme NUSS [4], which has started in 1974. In 
series of documents key safety areas such as Governmental control, Sites selection for NPPs, 
Designing for safety, Safety operation and Quality assurance have been covered. Later on the 
safety experts of International Nuclear Safety Advisory Group (INSAG), convened by the 
IAEA, have extended ideas of IAEA Nuclear Standards and their practical implementation 
[5]. Now there is matured list of requirements to nuclear installation, fulfillment of which 
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could provide rather high level of safety [6]. The General Safety Objectives have been 
established in the documents of INSAG, consisting of technical and radiological parts. These 
goals determined the strategies and main ways of safety provision.  

The technical objective is to take all practical measures to prevent accidents and to 
mitigate their consequences. The main strategic measure for providing high level of safety is 
the concept of defence-in-depth which is based on the principle of the multi-barrier protection 
system for compensation the human and mechanical failures and prevention the release of 
radioactive materials to the environment. The key elements of such safety concept are four 
physical barriers and five levels of protection. Such barriers are a matrix and cladding of 
fuels, walls of a contour of circulation of the coolant, a protective containment.  Levels of 
protection represent control systems of normal operation, safety systems at deviations of 
conditions of normal operation and design accidents, systems of protection at beyond design 
basis accidents, countermeasures outside the site of  NPP.  

The designers should prove, that installation provides accepted level of safety at so-called 
design initiating events. The list of such events is postulated in normative documents. 
      Development of accident processes includes some stages 
    -occurrence of initiating events, 
    -development of process because of deviation of normal operation, 
    - realization of  design or beyond design basis stages of accidents  at failures  of  safety 

systems  or at erroneous actions of the personnel, 
    - distribution of dangerous and harmful substances outside of  site, with negative influence 

of  releases  on the population and on environment . 
In Figure 1 the development of processes as the event tree, criteria of successes of 

protective actions, frequencies of stages at various systems failures and  protection levels are 
shown.  

Inlet blocks of Figure 1 display initiating events, which disturb the plant and have the 
potential to core damage. Such events are the natural phenomena, failures of the equipment, 
mistakes of the personnel and man-made events.   External events are design wind, 
earthquakes, flooding, fires, other hydrological and seismological events characteristic for a 
site of the NPP, and also man-made events such as air crash, shock waves and some other. 
Internal events are the failures of the equipment (breaks of pipelines, failure of external power 
supply, changes of reactivity, resulting in power excursion of reactor etc.). 

Inlet events are incorporated by a symbol (+) "OR”. It means the initiation of at least one 
event from the set of possible initial events. Such single initiating event requires an automatic 
or/and operator action to bring the plant into safe condition.  

At correct actions of safety systems process comes to an end at a stage, which is called as 
«incident», or usually refer to as " anticipated operational occurrence”. But at erroneous 
functioning of control systems or at their failures there are intersection events marked by 
symbol (•) "AND", and the process passes in the following stage, which relates to categories 
of "accidents". At “ design basis accidents ”processes have to develop in such ways that even 
in the worst case the parameters would not exceed the established limits. 
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Figure 1. The tree of events, which lead to accidents of varied severity. 

 
    Symbols in Figure1 are: Tw-temperature of cladding, Tv- temperature of vessel, q-  thermal 
flux on  fuel surface, δ-thickness of fuel cladding, Q-release of a radioactivity, ε- a fraction of 
defective fuels with micro-cracks, εu- a fraction of fuel with direct contact pellet and coolant.          
Indexes cr-critical, w-  wall of  surface of fuel, the v-vessel of a reactor. 
      Having designated probability of some initiating i-th event as wi

ie, the probability of at 
least  one initiating event can be presented as  
                 Wie=1-∏i (1-wi

ie
 )≈∑i wi

ie
 

    where- ∏i, ∑i- signs of product and the sum of probabilities i-th events. 
    Usually values of probabilities of occurrence of i-th events in time t are described by 
exponential distribution     wi=1-exp (-λi t), where  λi- hazard rate or intensity of failure of   
i-th system.  And then  

                 Wie=1-exp (-∑i λi t)≈∑i λi t   for rare events. 
        Having designated probability of failure k-th control system at i-th initiating event as 
wcs

ik, probability of accident Wа  we can present as 
             Wа=Wie* Wcs =   ∑ik wie

i {1-∏k (1-wik
cs

 )}≅ ∑ik wie
i ∗ wcs

ik 
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        Certainly, to know the value Wcs it is needed to model the control systems, to estimate 
the frequency of failures of elements at prescribed service discipline and to assess the 
operator’s failures. Such calculations are presented in the design documentation. as " 
Probabilistic Safety Analysis” to prove that the project of unit meets all safety requirements at 
normal operation and design occurrences. If events are accompanied by additional system 
failures out of design procedures, then parameters and conditions of operation can exceed the 
limiting boundaries allowable for design events. Then such development of events is referred 
as beyond design basis accidents. In this case Wba=Wa*Wss , where Wss-probability of 
failure of safety system out of design basis. 
        At significant destruction of reactor core and failure of safety systems, event develops as 
severe accident. Probability of severe accident Wsa=Wbа*Wp, where Wp =∑m wpm –a 
probability of protection systems failure consisting of m subsystems.  
       Then Wsa=Wie*Wcs*Wss* Wp  
       This stage of emergency process demands vigorous countermeasures, actions of teams for 
fast extreme reaction, whose successful operations could stabilize the situation. If these 
actions are ineffective there is a situation with heavy consequences for health of the 
population and damage for an environment. Having designated probability of accident with 
catastrophic consequences as Wca, we shall write down Wca=Wsa*Wcon, where Wcon- a 
failure probability of countermeasures. 
        In the basic Russian documents on safety of nuclear stations it is determined, that “ with 
a view of exception of necessity of evacuation of the population … it is necessary to strive to 
situation when the estimated value of probability of limiting emergency release of a 
radioactivity did not exceed 10-7 on a reactor in one year ”. 
      The careful investigations of safety of atomic power stations are available. In Table 1 
some characteristic data on frequencies of internal initiating events and on probability of core 
melt    as results of probabilistic safety analyses of nuclear power stations with reactor PWR 
in Germany and reactor WWER-1000 are presented (4-th unit Balakovo NPP) in Russia [7,8]. 
       
Table 1: Initial events and probabilities of melting of PWR (probability data from 1980) and 

WWER (probability data from 2001) cores. 
Initiating events Probabilities of 

initiating events, 
1/year 
 PWR,  WWER 

Failures 
probabilities of 
safety systems   
   PWR,    WWER 

Probabilities of  
core melt,  
 1/year  
  PWR,     WWER 

The break of big pipe, 
 large loss of the coolant 

2,7.10-4, 3,2.10-4 1,7.10-3, 1,7.10-4  4,6.10-7, 5,4.10-8 

The break of middle pipe, 
small loss of the coolant 

 8.10-4,        10-3  2,3.10-3, 8,3.10-5  1,8.10-6, 8,3.10-8 

The break of small pipe, very 
small loss of the coolant 

2,7.10-3, 3,2.10-3 2,1.10-2, 1,05.10-4  5,7.10-5, 3,4.10-7 

Loss external power supply  1.10-1,       10-1  1,3.10-4, 3,54.10-4  1,3.10-5,3,54.10-5 
Loss of feedwater  8.10-1,       10-1  4.10-6,    6,5.10-6   3,2.10-6, 6,5.10-7 

 
      It can be observed, that the basic contributions to risk of core melt and significant accident 
consequences bring the frequent initiating events.   
      This imbalance of risk of severe damages of cores at various initiating events is a feature 
of recent safety analysis caused by subjectivity of  choice of the list and characteristics of 
design events. Deterministic assignment of list of the initiating events, justified at an early 
stage of development of nuclear power, results in not optimum distribution of efforts on 
overcoming emergency events, to deformation of the general structure of systems of safety.  
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3. MODERN TRENDS IN NUCLEAR SAFETY REGULATION. 
 

In the new century development of nuclear power is passing at   
- increasing of processing of radioactive materials due to growth of volumes of the used fuel 

and decommissioning of old nuclear installations, 
- increasing of threats of nuclear terrorism. 

    In this connection there is a question how the nuclear power should develop at 
growing energy demands, in conditions of possible terrorism acts against nuclear objects? 
Before events on September, 11, 2001 it was considered, that an aircraft crash on a 

nuclear installation is extremely improbable event. The main protective measure was the 
requirement to locate nuclear installations far enough from the airports and air corridors. 
Other important safety measure was to lay out reactor of the NPP inside strong protective 
containment. It was considered, that at air crash a risk of core melting of a reactor located in 
the containment is insignificant.  

Now diversion and terrorist attacks on the NPP have to be examined as possible events, 
which can cause significant harm both to the NPP, and to the environment. Accordingly, it is 
necessary to provide the NPP of protective measures from them. For this purpose it is 
necessary to introduce in normative documents on safety the requirement to consider among 
other emergencies also threats of terrorist and diversion actions, 

The analyses of safety problems are carried out in framework of International Project on 
Innovative Nuclear Reactors and Fuel Cycles, referred as INPRO, initiated by IAEA in 2000 
as response on President of Russian Federation V.V.Putin Initiative to create an innovative 
nuclear technology to reduce nuclear proliferation risks and solve radioactive waste 
management problems. Basic safety principles and  users requirements for innovative nuclear 
reactors and fuel cycles are discussed in [9].  

Certainly, protection against harmful influences of radiation should cover all stages of a 
fuel cycle from production of uranium, NPP operation and its decommissioning, burial of 
waste products. These problems are diverse, but the technology is known and well developed. 

  
4. PROBLEMS OF RADIATION PROTECTION STANDARDS  

 
A basis of radiation protection should be scientifically proved values of maximum-

permissible levels of irradiation established in normative documents and also administrative - 
legal measures for their unconditional observance. 

  In the nuclear legislation of many countries term ” radiation protection of the 
population” is determined as a condition of protection of the present and the future 
generations from harmful influence ionizing radiations to their health. The radiation creates a 
background, additional to natural radiation background level. The   radiation protection is 
defined by the dose limits established at a level 1 mSv/year for the population and 20 
mSv/year for the personnel. But it was known that such level for the population is lower than 
a world average value of cosmic and technogenic radiation background level (2,4 mSv/year). 
Besides, the intensity of natural radiation reaches in some places of the Earth ( Kerala in 
India, Guapary in Brazil) values 10-15 mSv/year. 

  The important position of the legislature is the establishment of the rights of citizens on 
compensation of the harm to their life, health, and economic losses caused by radiation.             

  Normative values of accepted dose limits are based on recommendations ICRP [10] to 
use so-called Linear Non-Threshold-Concept (LNTC) of radiation detriments, i.e. the 
assumption that there is linear connection between doses of radiation and biological effects. 
Although this assumption is convenient means of regulation of radiation intensity at designing 
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the nuclear installations, it has no deep scientific substantiation. In particular, it does not take 
into account a reparation opportunity of radiation damages in an organism. Therefore this 
concept is challenged by many scientific organizations.        

   Some methods of estimation the radiation effects taking into account duration of  
irradiation is proposed [11], introducing the so-called the “reduced” dose, defined  as a dose 
corresponding to risk cancer diseases at an instant irradiation. It is shown, what the "reduced" 
doze is an effective criterion of risk at any duration of irradiation. Such "reduced" doses are 
additive due to linearity of effects, and they can be used at calculation of collective doses and 
radiation damage for optimization of radiation protection. 

 In sphere of normative actions there are the complex social and economic problems 
connected to necessity of correlation of various risks of damages with their economic 
equivalents. It is obvious, that at assessment of damage it is necessary to find reasonable cost 
characteristics of various kinds of damage, including estimation of cost of detriment for 
health, losses of a life. One of possible approaches to estimation of health damage is the 
method based on calculations of losses of expected length of life.  

 
5. SAFETY REQUIREMENTS FOR FUTURE NUCLEAR REACTORS 

 
It is understandable, that probable harmful effects for the population, the personnel and 

the environment originate from sets of initiating events and sets of failures of safety systems. 
According to this, reduction of risk of catastrophic releases of a radioactivity depends on 
reduction in frequencies of initiating events, failures of component systems and on 
minimization of mistakes of the personnel. 

To reduce the frequency of initiating events it is necessary to strengthen system of 
diagnostics of external and internal events, to improve quality and reliability of the equipment 
and efficiency of its service. Certainly, design measures, stability of elements and 
survivability  of the equipment are also important . 

Control systems are the weak parts of technical systems where the   important role is 
played by so-called the human factor. The operator can make wrongful actions. Therefore in 
new NPP projects incorrect operators actions should be limited or corrected by the control 
system of plant.  Besides, nuclear power stations of new generation should be simpler but 
failure-safe and mistake-prove. 

    For good safety at a design stage, the following characteristics of installations are 
important- 
 - stability of the basic elements, i.e. ability to maintain mechanical and thermal load without 
failures, to resist  shocks,   
 - survivability or fault tolerance, i.e. ability to carry out function at failure of the important 
systems and at external influences, 
- error-resistance, i.e. functioning at obviously wrong commands, 
- free of weak items in systems. 

Questions of safety culture have special importance, i.e. the responsible attitude of the 
personnel to all actions in the NPP, comprehension of possibility to cause damage to the 
population and an environment due to erroneous actions. 

In IAEA documents the necessity to equalize contributions of various accident sequences 
to frequency of core melt  at a level of 10 % is declared. Modern innovation in safety and 
technology of nuclear reactors are discussed in [9].  Apparently, the certain step for improving 
of safety level and removal of public fear about harm the NPP can be transition to guaranteed 
safety of the NPP [1]. 
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6. THE CONCLUSION 

  
     Time for reconsidering the concept of nuclear and radiation safety of nuclear power 

installations has come. A basis of the new approach to safety of NPPs could be idea of 
guaranteed safety on the basis of exclusion of severe accidents.  

         Some necessary improvements are as following 
-  to introduce methods of economic optimization of nuclear safety systems, 

  - to include in probabilistic analysis the full account of various failures in view of 
interdependences of systems and the common causes of failures, 

- to reduce consequences of mistakes of the personnel at operation and servicing of the 
systems by using of intellectualized automatic control,  

- to achieve decreasing and equalization of core-melt risks at various events, 
- to include in regulations more precise requirements on protection against acts of terrorism, 

to introduce concepts “ design and beyond design basis threats ”, 
- to develop normative base for system of insurance against nuclear damage. 
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