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Site Area: The geographical area locating the plant, defined by a 
boundary and under effective control of the plant management. 

• This is typically the area within the security perimeter fence or 
other designated property marker. 

• The site boundary is the boundary of the site area. 

External zone: The area immediately surrounding a proposed site 
area in which population distribution and density, and land and 
water uses, are considered with respect to their effects on the 
possible implementation of emergency measures. 
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Site boundary 

Site area 

External zone boundary  
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Siting and Site Evaluation Process in the Life-Cycle of Nuclear Installation  

Introduction 
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SITING PROCESS 

SITE EVALUATION 
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Outcome of Siting and Site Evaluation Process 

Introduction 
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• Site selection for a NPP is a complex process.  

• It involves a multitude of criteria and considerations, 

some are related to safety, while others are economic. 

• Public perception issues and strategic concerns could 

also be the decisive factors.  

Introduction 
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SITING* =  Site Survey + Site Selection 

• Does not includes detailed site characterization  

• Is a de-regulated activity (does not requires 

regulatory actions) 

* as per IAEA Glossary 

Introduction 
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REQUIREMENTS 

SAFETY GUIDES 

IAEA Safety Standards on Site Safety of Nuclear Instalations 

Introduction 
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Introduction 
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Introduction 

IAEA Nuclear Energy Series No. NG-T-3.7 on Managing Siting 
Activities for Nuclear Power Plants at the site was published to 
complement these IAEA Safety Guides in order to provide 
guidance on siting issues related to management, technical, 
economic, environmental and social factors.  
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Introduction 
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• 1 Safety Objective: 
 “The fundamental safety objective is to protect people and 

the environment from the harmful effects of ionizing 
radiation” 

Introduction 

• 10 Fundamental Safety Principles: 
• Responsibility for Safety 

• Role of Government 

• Leadership and Management for Safety 

• Justification of Facilities and Activities 

• Optimization of Protection 

• Limitation of Risks to Individuals  

• Protection of present and Future Generations 

• Prevention of Accidents 

• Emergency Preparedness and Response 

• Protective action to reduce existing or 

unregulated Radiation Risks 
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Principle 8 – Prevention of Accidents 

• The primary means of preventing and mitigating the 
consequences of accidents is “defence in depth” 

• The “defence in depth” is implemented through a 
combination of consecutive and independent levels of 
protection. . .  

•  . . . which would have to fail before harmful effects 
could be caused to people or to environment. 

• If properly implemented, it ensures that no single technical, 
human or organizational failure could lead to harmful 
effects, and 

•  . . . that combination of failures –that could lead to 
harmful effects- are of very low probability.  

 

Introduction 
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“Defence in depth” is provided by combination of: 
1. Effective management system – safety culture 

2. Adequate site selection, good design and engineering 
safety features providing safety margins, diversity and 
redundancy, by use of: 

• Design, technology, materials of high quality and reliability. 

• Control, limiting and protection systems and surveillance 
features. 

• Appropriate combination of inherent and engineered safety 
features. 

3. Comprehensive operational procedures and practices, 
as well as accident management procedures to provide 
the means for regaining control and for mitigating 
harmful consequences. 

Introduction 
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To apply this principle, it is required that the suitability of a site 
for a nuclear installation be evaluated with regard to the 
following:  

(a) The effects of external events occurring in the region of the 
particular site (such events could be of natural origin or human 
induced);  

(b) The characteristics of the site and its environment that could 
influence the transfer to people and the environment of 
radionuclides that have been released; 

(c) The population density and population distribution and other 
characteristics of the external zone in so far as they may affect 
the possibility of implementing emergency measures in a 
nuclear or radiological emergency, and the need to evaluate the 
risks to individuals, people and society. 

Introduction 



IAEA Safery Requirement, NS-R-3 
Site Evaluation for Nuclear 

Installations 



Objective 

• To establish the requirements for the elements of a site 
evaluation so as to fully characterize the site specific 
conditions pertinent to  the safety of a nuclear 
installation (NI). 

1- Introduction 



Objective 

• Establish the requirements for criteria: 

o defining the extent of information to be presented by 
the applicant for a proposed site; 

o evaluating a proposed site to ensure that the site 
related phenomena and characteristics are 
adequately taken into account; 

o analysing the population characteristics of the region 
and the capability of implementing emergency plans 
throughout the projected lifetime of the installation; 

o defining site related hazards. 

 

1- Introduction 



Scope 

Establishing requirements for site evaluation during the 
lifetime of the nuclear installations covers: 

• Site related factors 

• Site – nuclear installations interaction (operational & 
accident conditions) factors 

• External natural events 

• External human induced events of accidental origin 

• Hazards monitoring  

• Quality control  

1- Introduction 



Scope 

Applicable for a comprehensive range of nuclear installations 

• Land based, stationary: 

o Nuclear power plants 

o Research reactors  

• Fuel cycle facilities: 

o Enrichment plants 

o Processing plants 

o Reprocessing plants  

o Independent spent fuel storage installations 

The level of detail needed to meet the requirements of 

this document vary according to the type of installation 

being sited.  

1- Introduction 



Not in the Scope 

• Non-radiological impacts of the nuclear installation 

• Requirements related to the physical protection against 
willful actions by third party 

 

1- Introduction 
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 Structure 

• Introduction 

• General requirements 

• Specific requirements for evaluation of external events 

• Site characteristics and the potential effects of the nuclear 
installation in the region 

• Monitoring of hazards   

• Quality assurance     

1- Introduction 



2- General Requirements     

Safety aspects that shall be considered in site suitability: 

1.Effects of external events (natural and human-induced) at 
the site, 

2.Site characteristics and environment that could influence the 
transfer of released radioactive material to the people and 
environment, 

3.Feasibility of implementing emergency measures and risk 
evaluation, 

4.Storage and transport of input and output nuclear material, 
fresh and spent fuel and radioactive waste, 

5.The total nuclear capacity to be installed on the site (for 
NPPs) 



The site is considered unsuitable when: 

The site evaluations of the safety aspects indicates that 

the site deficiencies cannot be compensated by means of: 

o design features  

o site protection measures 

o administrative procedures 

Note:  design features and site protection measures are the 
preferred methods for compensating for the deficiencies. 
         

2- General Requirements     



Uses for Site Evaluation 
 

• provides the technical basis for the safety analysis 
report to be submitted to the nuclear regulatory 
authority,  

• the technical information developed  also fulfills the 
requirements for the environmental impact assessment 
for radiological hazards. 

 

         

2- General Requirements     



• Site and regional characteristics and environment shall be 
investigated. 

• Hazards associated with external events or (combination of 
events)  shall be determined using appropriate data, 
methodologies, region size. 

• Potential radiological impact on the region including risks to the 
people and the environment shall be determined and confirmed. 

• Population characteristics and distribution, land and water use, 
and special characteristics affecting radioactive releases shall 
be evaluated. 

• The radiological risk to the population shall be acceptably low. 
• The establishing an emergency plan for the external zone shall 

be confirmed before the construction and operation of the 
installation.   

2- General Requirements     



3- Specific Requirements for Evaluation of 
External Events 

Earthquakes and surface faulting: 

• The seismological and geological                                    
conditions in the region and the                                   
engineering geological and geotechnical aspects shall be 
evaluated. 

• The earthquakes hazards shall be determined by means of 
seismotectonic evaluation and using prehistorical, historical and 
instrumentally recorded earthquakes in the region. 

• The potential for surface faulting (i.e. the fault capability) shall 
be assessed for the site using sufficiently detailed methods and 
investigations to make a reasonable decision. 

• An alternative site shall be considered when reliable evidence 
shows the existence of a capable fault that has the potential to 
affect safety. 

 

           



3- Specific Requirements for Evaluation of 
External Events 

Meteorological Events: 

• The extreme values of meteorological variables (wind, 
precipitation, snow, temperature and storm surges) and rare 
meteorological phenomena for the site and the meteorological 
and climatological characteristics for the region shall be 
investigated. 

• The hazards associated with rare metrological events 
(lightening, tornadoes, tropical cyclones, and missiles) shall be 
evaluated. 



3-Specific Requirements for Evaluation of 
External Events 

Flooding: 

• The potential for flooding in the region due to 
one or (combinations) of natural causes such 
as runoff, high tide, storm surge, seiche and 
wind waves shall be evaluated using reliable 
data and suitable models. 

 
• The potential for tsunamis or seiches in the region shall be 

evaluated and the tsunamis hazards shall be derived from seismic 

records, seismotectonic characteristics and modelling to estimate 

frequency, magnitude and height and amplification at the site. 

• All upstream water control structures shall be analyzed to 

determine potential hazards to the nuclear installation resulting 

from the failure of one or more of the upstream structures. 

• The nuclear installation shall demonstrate its ability to withstand 

the hazard associated with the failure of these upstream 

structures. 



   Geotechnical hazards 

• The hazard associated with 
slope instability shall be 
evaluated at the site using 
site specific ground motion 
parameters and values. 

 

     
    
  

3- Specific Requirements for Evaluation of 
External Events 

• The hazards associated with the collapse, subsidence or uplift of 

the surface shall be determined using detailed description of 

subsurface conditions, obtained from reliable methods of 

investigations. 

• The hazard from liquefaction of the subsurface materials shall be 

determined using accepted analytical and soil investigation 

methods. 

• The geotechnical characteristics and stability of the subsurface 

materials shall be investigated and a soil profile shall be 

developed. 



External Human Induced Events 
 

• The hazards of aircraft crash on the site that could affect the 
safety of the installation shall be evaluated with considerations 
for impact, fire and explosions using characteristics of future air 
traffic and aircraft. 

• Hazards associated with chemical explosions as a results of 
activities in the region that involve the handling, processing, 
transport and storage of chemicals shall be evaluated. 

     

3- Specific Requirements for Evaluation of 
External Events 



Other important events 

• Other external hazards such as volcanism, sand storms, severe 
precipitation, snow, ice, hail, and freezing shall be evaluated. 

• Potential natural and human induced events that could cause a 
loss of function of systems required for the long term removal of 
heat from the core shall be identified, such as the blockage or 
diversion of a river, the depletion of a reservoir, an excessive 
amount of marine organisms, the blockage of a reservoir or 
cooling tower by freezing or the formation of ice, ship collisions, 
oil spills and fire.     

3- Specific Requirements for Evaluation of 
External Events 



 

4- Site Characteristics & Effects on the Region 
 

 
 

 

Atmospheric dispersion of radioactive material: 

• A meteorological description of the region shall be developed, 
including (wind speed & direction, air temperature, precipitation, 
humidity, etc.) and at least one year data shall be collected using on 
site instruments. 

• The potential atmospheric dispersion of radioactive material 
releases shall be assessed using of appropriate models and data. 

34 



 

4- Site Characteristics & Effects on the Region 
 

 
 

 

Dispersion of radioactive material through surface water: 

• Surface hydrology shall be investigated to determine the 
dilution and dispersion characteristics of water bodies, 
sediments and biota, transfer mechanisms of radionuclides 
and of exposure pathways. 

• Impact assessment of surface water contamination on the 
population and the environment shall be performed. 

35 



 

4- Site Characteristics & Effects on the Region 
 

 
 

 

Dispersion of radioactive material through groundwater: 

• Surface hydrogeology shall be investigated to determine 
radionuclide migration in hydrogeological units, dilution & dispersion 
characteristics, soils retention characteristics, and subsurface 
physicochemical properties related to transfer mechanisms and 
exposure pathways. 

• Impact assessment of groundwater contamination on the population 
and the environment shall be performed. 

 

Population distribution: 

• Current and future population distributions in the region and site 
vicinity shall be determined and shall be kept up-to-date during NI 
lifetime. 

• Radiological impacts of normal and accidental releases shall be 
evaluated using site specific parameters. 
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5- Hazards Monitoring and Quality 
Assurance 

• Site characteristics of the natural and human induced 
hazards as well as the demographic, meteorological and 
hydrological conditions of relevance to the nuclear 
installation safety shall be monitored over the lifetime of 
the nuclear installation. 

• All the hazards and conditions that are considered in    
NS-R-3 and that are pertinent to the licensing and safe 
operation of the installation shall be monitored. 



5- Hazards Monitoring and Quality 
Assurance 

• Adequate quality assurance programmes shall be 
established to control the effectiveness of the execution of 
the site evaluation and assessment activities. 

• The quality assurance programme shall cover the 
organization, planning, work control, personnel training and 
qualification, verification and documentation. 

• The results of studies and investigations shall be 
documented in sufficient detail to permit an independent 
review. 



• The acceptability of the selected site is confirmed (i.e. 
against all established exclusion criteria). 

• The design basis for natural and human induced external 
events are determined (e.g. design basis earthquakes, 
design basis floods, design basis meteorological events, 
aircraft crash, explosion pressure wave, etc.). 

• The dispersion characteristics in air and water, population 
distribution and demonstration of the feasibility for 
implementing emergency preparedness and response plan 
are assessed. 

Site Evaluation - Accomplishments 



DS 433: Safety Aspects in Siting for NI 
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Objective 

• The document has been created to assist the MSs in 
considering the main elements of site safety during the 
selection of potential sites such that the selected sites do not 
have features that cannot be overcome using accepted and 
proven engineering solutions. 

• It ensures that the probability of a site being rejected at a later 
stage for having features that cannot be overcome by design 
is reduced. 

• The process helps to identify alternate sites in case the 
selected site is found to be un-licenseable as a result of any 
flaws uncovered during the detailed site assessment. 

DS 433: Safety Aspects in Siting for NI 
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Contents 

• Introduction 

• General Description of Siting and Site Evaluation process 
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• Data necessary at different stages of siting process 

• Siting Process for NIs other than NPPs  

• Application of Management System 

• Appendix A (Database for siting process) 

• Annexes (Tables to be used in siting process, example of 
criteria for siting process of NPPs) 

DS 433: Safety Aspects in Siting for NI 
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Needs of clear criteria and regulatory requirements: 

• The site selection process needs to be guided by a clearly 
established set of criteria or regulatory requirements.  

• This is of particular importance for those aspects that can 
exclude sites. 

DS 433: Safety Aspects in Siting for NI 
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The selection process of a suitable site, termed as “siting”, for a 
NI is a multi-faceted process where safety considerations 
largely dominate. A properly selected site provides two distinct 
levels of defense in depth.  

• The first level is prevention and aims at decreasing the exposure to 
external hazards. It involves a comprehensive process of screening 
out sites where hazards are dominant and complex designed safety 
measures would be necessary for site utilization.  

• The second level is mitigation and aims at decreasing the impact of 
an accident on the environment. It involves the selection of a site 
with good dispersion characteristics of radionuclides in the air, 
surface as well as sub-surface water, and also terrain, population 
and infrastructure that are conducive for the implementation of an 
emergency plan.  

DS 433: Safety Aspects in Siting for NI 
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Site survey and site selection are multidisciplinary effort: 

• civil engineering 

• soil mechanics 

• geology 

• seismology 

• hydrology 

• meteorology 

• power engineering  

• nuclear engineering 

• radiological protection 

• ecology-radioecology 

• demography 

• emergency planning 

DS 433: Safety Aspects in Siting for NI 
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General Recommendations for the Siting 
Process 

Siting should be a process of selecting suitable locations for a 

nuclear installation such that its characteristics inherently 

makes its exposure to natural and human induced hazards of 

external events as low as practicable. Further, the surrounding 

demographic setting and dispersion characteristics should 

enhance the mitigation capabilities against the radiological 

release.  
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Classification of Siting Criteria 

Criteria used in siting process of a NI are classified as 
follows: 

• Safety related criteria, 
• Criteria related to protection against sabotage, and 
• Non-safety related criteria. 

Criteria falling under any of the above class may be 
screening (exclusion, or discretionary) criteria, or ranking 
criteria. 
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Classification of Siting Criteria 

Safety Related Criteria: 

1) The first set of criteria is related to the potential impact of 
natural hazards on the safety of the NI. 

2) Criteria is related to the potential impact of human induced 
hazards on the safety of the NI. 

3) The third set of criteria is related to the characteristics of 
the site and its environment that could influence the transfer 
to persons and the environment of radioactive material that 
has been released from the NI. 

4) The fourth set of criteria is linked to the third set but it 
relates mainly to the demonstration of the feasibility of 
emergency plan implementation for the NI. 
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Classification of Siting Criteria 

Criteria Related to Protection Againts Sabotage: 

1) A site of NI should not be located near to any area or 
facility with high potential threat. 

2) It is preferable to locate a site not having clear view of 
sight from all directions.  

3) The access to the site should be restricted to a minimum 
number required for safety and operation considerations. 

4) Site characteristics should be such that ultimate heat sink 
could not be easily accessed. 

5) The site should be away from the population center and 
public transport route. 
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Classification of Siting Criteria 

Criteria not Specifically Related to Safety: 

Some examples (but is not necessarily limited to): 

1) Topography, 

2) Availability and access conditions to condenser cooling 
water, 

3) Transport routes, 

4) Proximity to load centers, 

5) Considerations for the distribution network (grid), 

6) Non-radiological environmental impact including 
ecological considerations, 

7) Socio-economic aspects including public acceptance. 



51 

The siting process has three distinct steps starting with given 

region(s) of interest. 

1.Regional analysis: This is the first step, in which region(s) of 

interest are analyzed to identify potential sites. It is important to 

consider all the potential sites in this phase and not to discard any. 

2.Screening test: In the second step, the potential sites are 

screened to choose the candidate sites. Principal objective of this 

step is to exclude the unfavorable site from safety as well as non-

safety considerations. 

3.Evaluation, comparison and ranking: Purpose of the third step 

twofold: (i) to evaluate the site in order to assure there are no 

features at the sites that would preclude the construction and 

operation of a NPP, and (ii) to compare the candidate sites and rank 

them in the order of their attractiveness as a NPP site.  

General Recommendations for the Siting Process 
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Type of screening criteria: 

• Exclusion criteria: the exclusion criteria is used to discard 
sites that are unacceptable from those attributes related to 
issues, or events or phenomena or hazards for which 
engineering solutions are not generally practicable. Only a few 
criteria (e.g. ground rupture) fall into this category. 

• Discretionary criteria: the discretionary criteria are associated 
with those attributes related to issues, or events, or 
phenomena, or hazards, or considerations for which 
protective engineering solutions are available. These criteria 
are used to facilitate the selection process through iterative 
screening to eliminate less favorable sites when a large 
number of possible candidate sites exist. 

Screening of potential sites to select candidate sites 
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• Ranking criteria are necessary to provide bases for 
comparison among the candidate sites to arrive at 
a list of preferred sites 

Comparison and ranking of candidate sites to obtain 
the preferred candidate site(s) 
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Databases for Siting Process 

• All site data should be collected in a systematic and retrievable 
manner. The use of tools such as Geographical Information 
System (GIS) should be considered especially for the data 
collected in relation to the preferred candidate sites.  

• The following databases should be established for the siting 
process: 

(a) Geological database 
(b) Seismological database 
(c) Fault displacement database 
(d) Volcanological database 
(e) Coastal flooding database 
(f) River flooding database 
(g) Meteorological extreme events database 
(h) Human induced events database 
(i) Population and environmental aspects 



2- NS-G-3.1: External Human Induced Events in Site 
Evaluation for NPPs 

Objective 

• To provide recommendation and 
guidance for the examination of the 
region considered for site evaluation for 
a NPP in order to identify hazardous 
phenomena associated with human 
induced external events. 



3- NS-G-3.2: Dispersion of Radioactive Material in Air 
and Water and Consideration of Population 
Distribution in Site Evaluation for NPPs 

Objective 

• To provide guidance on the studies and 
investigations necessary for assessing 
the impact of a NPP on humans and the 
environment.  

• To provide guidance on the feasibility of 
an effective emergency response plan, 
in consideration of all the relevant site 
features. 
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Objective 

• To provide guidance on evaluating seismic 
hazards at a NI site and, in particular, on how 
to determine: 

(a) the vibratory ground motion hazards in 
order to establish the design basis ground 
motions and other relevant parameters for 
both new and existing nuclear installations, 
and  

(b) the potential for fault displacement and 
the rate of fault displacement that could 
affect the feasibility of the site or safe 
operation of the installation at that site.  

4- SSG-9: Seismic Hazard Evaluation for NIs 



Objective 
• To provide guidance on how to comply with the 

safety requirements on assessing hazards 
associated with meteorological and 
hydrological phenomena and on how to 
determine the corresponding design bases 
including measures for protection of the site 
against tis type of hazards.  

• Meteorological hazards are associated with 
extreme meteorological conditions and with 
rarely occurring hazardous meteorological 
phenomena.  

• Hydrological hazards are associated with 
external flooding events, including a number of 
associated phenomena and low water level 
conditions.  

5- SSG-18: Meteorological and Hydrological 

Hazards in Site Evaluation for NIs 



6- NS-G-3.6: Geotechnical Aspects of Site 
Evaluation and Foundations for NPPs 

Objective 

• To provide guidance on dealing with 
geotechnical engineering aspects, 

• To provide interpretation of the Safety 
Requirements for site evaluation and 
guidance on the methods and procedures 
for analyses that support the assessment 
of the geotechnical aspects. 

 



7- SSG-21: Volcanic Hazards in Site Evaluation for NIs 

Objective 

• To provide guidance on assessing volcanic 

hazards at a NI site, so as to enable the 

identification and characterization in a 

comprehensive manner of all potentially 

hazardous phenomena that may be 

associated with future volcanic events.  

• These volcanic phenomena may affect the 

suitability of the selected site and some of 

them may determine corresponding design 

basis parameters for the installation. 
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