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ABSTRACT 

Selection of appropriate site and robust site evaluation have significant impact on the design, construction and 

operation of nuclear power plant (NPP) in meeting the nuclear safety requirements following the concept of 

Defense-in-Depth (DID). The site evaluation is a continuing process over the life cycle activities of an NPP 

including its site selection. The objective of site evaluation is that the site-plant interaction does not cause 

radiation exposure to the public and environment beyond a threshold value during both normal operation and 

accident situations.  The site evaluation is a multi-task process consisting of site characterization, derivation 

of design basis of external natural and human induced events and examination of implementation of 

emergency management planning. Radiological impact assessment and environmental (non-radiological) 

impact assessment are part of investigations of the suitability of site. The subject is challenging as site 

evaluation is not confined to technical activities only; it needs administrative and social input. All these lead 

to different countries having different practices in defining site and its external zones, and for site evaluation 

activities at different stages of life cycle, management system, and regulatory interfaces. Effort is made in this 

paper to outline the state-of-the-practice of site evaluation for nuclear power plants. The site evaluation 

processes of three countries USA, France and India are reviewed and summarized. The summary is then 

integrated with the requirements and guidance on this subject given in IAEA safety standard [IAEA, 2016] 

and insights gained from the NEA/CNRA document [NEA/CNRA, 2010]. Experience gained from recent 

accidents/incidents of nuclear power plant is also studied and suitably incorporated in this review work.  

INTRODUCTION 

Site of a nuclear power plant (NPP) is the geographical location under management of an organization 

authorized to construct, operate and decommission the plant, or to perform specific activity involving 

radiological and nuclear safety. A site needs to be properly selected and adequately evaluated so that the plant 

design ensures that the structures, systems and components (SSC) important to safety shall remain operational 

against both normal condition and abnormal operating conditions arising due to both internal and external 

events. Between the two classes of events, external events have capability of inducing common cause failure. 

The natural external event is generally more devastating. Accident of Fukushima Dai-ichi NPP (Fukushima 

NPP accident) has highlighted the critical impact and common cause effects of natural hazards on the overall 

safety and mitigation measures. The term external event is used in this paper in broad sense; it covers the 

natural events as well as human induced events activities, phenomena, hazards or issues external to a plant as 

well as features of site and surroundings.   

Purpose of site selection is to find an appropriate location on which an NPP can be engineered and operated 

satisfying the requirements of radiological and nuclear safety. Site evaluation is defined in IAEA safety 

glossary [IAEA, 2007] as the analysis of factors at a site that could affect the safety of a facility or activity on 

that site. These include site characterization and consideration of factors that could affect safety features of 

and/or could affect the dispersion of such material in the environment as well as population and assess issues 
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relevant to safety (e.g. feasibility of evacuation, location of people and resources).Techno economical 

balancing is also an important consideration for investor  in the site selection 

Site evaluation entails characterization of site and establishment of design bases against external events so 

that plant-site interaction does not cause undue radiation exposure to the facility personnel, public and 

environment during normal operation and postulated accidents. The suitability of a site is assessed from the 

outcome of site evaluation principally from two considerations; 

1) Site safety consideration: site characterization, derivation of site specific design basis of external 

events and examination of suitability of emergency management planning (EMP) implementation, 

2) Environmental consideration: assessment of radiological and non-radiological impact on environment 

including public.  

Site evaluation is a continuing process over different stages of life cycle of NPPs. Most of the activities 

related to site evaluation are technical, but, some are administrative.  Examples of administrative procedures 

are establishment and control of external zones, interventions (like controlling food items, administering 

precautionary medicine, evacuation, etc.), taking possession of public buildings for shelter during emergency, 

etc.  Sometimes societal expectation/demand shapes the requirements or guidelines of individual activities. 

Life style of the public has impact on this. For example, emergency management planning depends on the 

population characteristics; land and water use other characteristics of the external zones. All countries do not 

have same political and administrative set up as well as rules and regulations. 

All these lead to somewhat different practice for site selection and site evaluation in different countries, albeit, 

in general, to achieve similar safety and environmental goals. The practices for these two processes depend on 

region as well as rules and regulations of the country in which the site is located. Regulatory documents on 

this area of some countries are available in public domain. Nuclear Energy Agency surveyed the practices of 

regulatory authorities of 15 counties in the regulation of nuclear power plant siting [NEA/CNRA, 2010]. The 

purpose of the survey was to provide the member countries with practical information on the following 4 

issues: 

– How are sites evaluated? 

– How is the preferred site selected? 

– How is the preferred site licensed or permitted? 

– How does the safety regulator oversee site preparation activities? 

The document does not cover full extent of site evaluation process of these 15 countries. It mostly deals with 

regulatory aspects.    

IAEA safety standard IAEA-NS-R-3 [IAEA, 2016] and related safety guides provide the safety requirements 

and guidelines for site selection and site evaluation. IAEA Safety Standard documents are based on good 

practices of and agreed by member States, and more on regulatory perspective. 

The principle objective of the present paper is to describe the state of the practice of site evaluation of nuclear 

power plant sites collecting, reviewing and summarizing the information on practices of different countries. 

To achieve this objective, the site selection and site evaluation practices of three countries – USA, France and 

India are taken as case studies. The practices covering both procedure and criteria adopted for various 

individual activities pertaining to site safety considerations and environmental consideration were reviewed.  

These three countries practices are described in Chokshi (2017), Rebour (2017), and Basu (2017). The 
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practices of three countries are summarized outlining differences and similarities. This summary was then 

integrated with requirements and guidance of IAEA safety standard [IAEA, 2016] and insight gained from 

NEA/CNRA document [NEA/CNRA, 2010]. 

The paper is developed following the framework of site selection and site evaluation process emerging from 

the IAEA Safety Standard. Scope of the paper covers site evaluation process over the different stages of NPP 

life cycle. The paper deals with site and external zones; nuclear safety and site evaluation, site selection; site 

evaluation process high lighting site characterization, derivation of design bases and implementation of 

emergency management planning; and regulatory interface. Detailed discussion on the methodology to derive 

the design basis of any individual external events is beyond the scope of present paper.  

 The human-induced events of malevolent nature can affect the safety of the nuclear facility like other human 

induced external events of accidental origin. In all countries security aspect of an NPP is not evaluated as a 

part of site evaluation activity. It is done separately maintaining its due confidentiality. IAEA Safety Standard 

also maintains the similar stand. Security aspect is considered beyond the scope of present paper. 

NUCLEAR SAFETY AND SITE EVALUATION 

Site has similar definition in USA, France and India, which matches with the IAEA definition [IAEA, 2007]. 

Canadian definition of site is also similar [CNSA, 2007]. The adjoining external area of a site is classified as 

different zones to implement the safety measures. IAEA-NS-R-3 requires establishing the external zone for a 

proposed site with account taken of the potential for radiological consequences for people and the feasibility 

of implementing emergency plans, and of any external events or phenomena that might hinder their 

implementation. There are certain differences in defining the external zones. Table-1 summarizes the 

practices of defining external zones in USA, France, India and IAEA. NEA/CNRA report does not offer any 

observation on this from their survey [NEA/CNRA, 2010].  

The safety objective of design, construction and operation of nuclear facilities is to ensure protection of the 

plant personnel, public and the environment from the harmful effects of ionizing radiation, both during 

normal operation of the facility as well as during and following postulated accident scenarios. The protection 

is ensured by implementing site safety criteria, which consists of limiting radiation dose at the boundary of 

exclusion zone or the site area and emergency management planning in the event of offsite radiological 

release. Different countries have different dose limits and different emergency management planning 

depending on their site configuration, societal demand, rules and regulation. For example, Indian dose limit at 

the boundary of exclusion zone is stiffer than many countries when loss of coolant accident (LOCA) plus 

emergency core cooling (ECC) failure is taken as design basis accident condition. 

The radiological and nuclear safety objective is accomplished by implementing the defense-in-depth (DID) 

concept [e.g., IAEA, 1996]. DID consists of a hierarchical deployment of different levels of equipment and 

procedures in order to maintain the effectiveness of physical barriers placed between radioactive materials 

and workers, the public or the environment, in normal operation, anticipated operational occurrences and, for 

some barriers, in accidents at the plant. DID is implemented by providing an appropriate combination of 

specified systems and measures, one of which is “Adequate site selection and the incorporation of good 

design and engineering features providing safety margins, diversity and redundancy” [e.g., IAEA, 2014]. This 
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Table 1: Practice of some countries in defining adjoining zones for site evaluation 

 

Country 

/Agency 

Adjoining areas/zones 

1 2 3 4 

USA Exclusion area:   

Licensee has authority to 

determine all activities 

including removal of 

personnel and property; 

radiation dose on its fence 

and beyond < the specified 

value. 

Low Population Zone 

(LPZ):  

Its size is such that 
#
D1 > D2, and 

radiation dose to an 

individual on its 

boundary and beyond  

<  the specified limits 

Emergency 

planning zones 

(EPZs):  

Plume exposure 

pathway EPZ  > 16 

Km,  and Ingestion 

pathway EPZ > 80 

Km. (in radii) 

 

France Site area: 

Area containing a nuclear 

installation, for which an 

on-site emergency plan is 

drawn up by the licensee.  

Area covered by off-

site EMP  

Off-site EMP 

implemented within an 

area having radius up 

to 10 km around the 

NP in the initial hours 

of an accident.  

  

India 

 

Exclusion zone:  Area 

under the control of plant 

management and 

individual dose limits at its 

boundary and beyond < 

specified limits. 

Natural growth zone 

(NGZ): Beyond EZ to 

5.0 Km from the 

reactor center, 

Emergency 

planning zone  

(EPZ):  

Beyond NGZ to 16 

Km from the reactor 

center, 

Radiological 

surveillance 

zone (RSZ):  

Beyond EPZ to 

30 Km from the 

reactor center 

Canada Exclusion zone: 

A parcel of land 

containing NF; no 

permanent dwelling & 

under the legal authority 

of control by licensee. 

Protective Zone:            

Area beyond the 

exclusion zone to 

implement emergency 

measures. 

  

IAEA Site area:                       

Area under the control of 

management of an 

authorized facility, activity 

or source; and within 

which the management 

can initiate onsite 

emergency actions. 

External zone: 

The area immediately 

surrounding a site 

area, which is 

characterized for  

implementation of 

offsite EMP. 

  

#D1 = Population center distance = 1.33 D2; D2 = distance of the LPZ outer boundary from the reactor. 
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safety consideration related to the site is implemented and ensured during life cycle of a plant through 

different stages, which are reproduced in Fig.1 from IAEA-SSG-35 [IAEA, 2014]. 

There are total five stages. The first two stages are constituents of siting process, outcome of which is sites 

suitable for an NPP. Four stages, excepting the first one, together constitute the site evaluation process. In 

Indian practice [AERB, 2014], there are total six stages instead of five; first five stages are similar to IAEA-

SSG-35 [IAEA, 2014] and the sixth one is site evaluation during decommissioning. Siting selection process 

consists of first two stages. Remaining four stages together is defined as site evaluation. The second stage 

does not overlap site selection and site evaluation processes as in IAEA-SSG-35. US practice does not define 

different stages of site related activities like IAEA-SSG-35 and AERB (2014). However, US practice can be 

viewed as covering all the activities of five stages of IAEA and/or six stages of AERB, although the fifth 

stage is implemented through a different process and not through periodic safety reviews. Different 

discussions reported in NEA/CNRA document [NEA/CNRA, 2010] indicates that all European countries 

including France, whose regulatory bodies are Western European Nuclear Regulators’ Association (WENRA) 

members, follow all site related activities identified in different stages of Fig.1.  

 

Figure1. Stages to Implement Safety Considerations for the Site of Nuclear Installations. 

(Reproduced from IAEA-SSG-35 [IAEA, 2014]) 

 

If the definition of site evaluation, discussed in the Introduction Chapter, is superimposed on Fig.1, it would 

be obvious that some sorts of site evaluation activity start from the very first stage. For example, 

identification of potential site from region of interest needs a sort of evaluation work applying certain criteria. 

Further, identification of candidate sites from potential sites through screening and comparison is a sort of site 

evaluation activity. Again, evaluation and screening of final site through the ranking of candidate site also 

falls in to the type of site evaluation activity As discussed earlier, the DID is generally structured in five 

levels. Five levels of defense in depth and related site evaluation activities/parameters are summarized in 

SITE SURVEY 

STAGE:

SITE SELECTION 

STAGE:

SITE ASSESSMENT 

STAGE:

PRE-OPERATIONAL 

STAGE:

OPERATIONAL 

STAGE:

Identification of 

potential regions, 

potential sites and 

candidate sites 

through screening 

and comparison.

Evaluation aiming 

at selecting the 

final site through 

the ranking of 

candidate sites

Confirmation of 

acceptability and 

complete site 

characterization; 

Derivation of site 

related design 

basis.

Confirmatory and 

monitoring work.

Confirmatory, 

monitoring and  re-

evaluation as per 

Periodic Safety 

Reviews.

SITING PROCESS

SITE EVALUATION PROCESS
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Table 2. This table is developed integrating the concept of five level DID (IAEA, 1996), design extension 

conditions (IAEA, 2016a) and site evaluation activities in different stages given in Fig.1 Should one level fail, 

the subsequent level comes into play.  

Table 2: Summary of defense-in-depth and site evaluation activities/parameters 

DID  

Level 

Operation 

states 

Objective Essential means Related site evaluation 

activities/ parameters 

I Normal 

operation 

Prevention of abnormal 

operation and failures 

 

Conservative design 

and high quality in 

construction and 

operation 

Site characteristics, 

design basis of external 

natural & human 

induced hazards, RIA & 

EIA, monitoring of 

external natural and 

human induced hazard 

significant to safety and 

environment 

surveillance. 

II Transient states Control of abnormal 

operation and detection 

of failures 

Control, limiting and 

protection system & 

other surveillance 

features 

III Design basis 

accident (DBA) 

Control of accidents 

within the design basis 

Safety Systems / 

Engineered safety 

features and accident 

procedures 

IV Design 

extension 

condition A 

(DEC-A) 

Control of accident 

plant conditions (DEC-

A) including prevention 

of accident progression 

(to core melt condition).  

Additional safety 

Systems / Features and 

accident procedures 

Monitoring of external 

natural and human 

induced hazard 

significant to safety, 

design margin with 

respect to cliff edge 

effect and environment 

surveillance.  

Design 

extension 

condition B 

(DEC-B), 

Severe 

Accidents 

Control of severe plant 

conditions with core 

melt, to limit off-site 

releases and mitigation 

of the consequences of 

severe accidents. 

Complementary safety 

features to mitigate core 

melt, management of 

accidents with core melt 

(severe accidents)  

V Severe accident 

with 

impairment of 

containment 

Mitigation of 

radiological 

consequences of 

significant releases of 

radioactive materials 

Off-site emergency 

response and 

intervention levels 

Site characterization for 

RIA, re-calculation for 

RIA with prevailing 

data for first few days 

and then environment 

surveillance. 

 

Site evaluation has impact on each and every level of defense in depth. Implementation of each level of 

defense in depth is related to the outcome of site evaluation activities of one or more of the above categories. 
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Two important aspects of site evaluation are site characterization and derivation of design basis for external 

events and conditions. The investigation and analysis related to these activities are involved with large 

uncertainties in and that needs to be considered implicitly (by adding conservatisms in deterministic 

approach) or explicitly (through a probabilistic analysis). Different countries use different approaches. Site 

characterization and derivation of design basis for external events cannot be validated by means of 

experimentations. IAEA Safety Standard warrants effective management systems to assure the quality of 

every aspects of site evaluation including selection of model for the physical process of an event or hazard, 

development of adequate data base ensuring reliability and completeness of the data [IAEA, 2016]. In India, 

AERB has specified requirements as well as recommendations and guidance for quality assurance in site 

evaluation for NPP [AERB, 2014; AERB, 2005c]. Similar extensive guidance exist in the US and France 

practice (Chokshi 2017, and Rebour 2017). 

To ensure environmental protection, impact of the plant on public and environment in different states is 

analyzed through radiological impact assessment and non-radiological impact assessment procedure. Such 

impact assessment needs input from site evaluation. Finally, site evaluation provides input for development of 

emergency management planning (EMP) in the event of offsite release beyond specified safety limit. 

SITE SELECTION 

IAEA safety standard IAEA-SSG-35 [IAEA, 2014] recommends a two stage process for site selection, Fig.1. 

The process has three steps, first two steps are included first stage and the third one is in the second stage as 

described in Fig.1. In first step, regional analysis is conducted to identify the potential sites within the region 

of interest. The potential sites undergo two level of screening evaluation in the second step; the outcome of 

which is the candidate sites. All potential sites in a region are first screened using exclusion criteria. These 

criteria are used to discard sites that are unacceptable on the basis of attributes relating to issues, events, 

phenomena or hazards for which there are no generally practicable engineering solutions. The screened in 

sites from the first level of evaluation are then further screened using discretionary criteria for second level 

evaluation. The discretionary criteria are associated with those attributes relating to issues, events, 

phenomena, hazards, or other 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 there are a large number of possible candidate sites. The purpose of the third step is twofold: (i) to 

evaluate the resulting candidate sites in order to ensure that there are no features (at the sites or in their 

surrounding areas that would preclude the construction and operation of the nuclear installation, and (ii) to 

compare the candidate sites and to rank them in order of their attractiveness through an exercise of 

comparison and ranking using suitable ranking criteria.  The outcome of third step is a list of acceptable sites 

for nuclear installations in an order of preference. The exclusion criteria, discretionary criteria and ranking 

criteria consist of both safety related and non-safety related criteria and are further elaborated in IAEA-SSG-

35. 

As discussed in Chokshi (2017), the site selection in the US is done by the investor-owned power companies 

taking into account of their business plans and objectives; NRC site suitability criteria and other technical 

requirements as well as the National Environmental Policy Act (NEPA) requirements for the consideration of 

alternative sites. The five steps are 

1) Identification of the region of interest (ROI);  

2) Identification of candidate areas within the region of interest;   
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3) Identification of potential sites within the candidate areas;   

4) Identification of candidate sites from the potential sites; and 

5) Identification of propose site and alternative sites from the candidate sites. 

The applicant identifies the proposed site. It is a candidate site proposed for locating a new nuclear power 

plant. Alternative sites are those candidate sites that are compared to the proposed site to determine if there is 

an environmentally preferable site. The site for an NPP project is finalized between the proposed site and 

alternative sites only after successful completion of regulatory review. 

Nuclear power plants in India are owned by Central Government undertaking companies. NPP sites in India 

are selected by the Standing Site Selection Committee (SSSC) following a two stage process similar to the 

first two stages of Fig.1. Identification of desired region based on Government guidelines is the first activity 

of site survey stage. On request of SSSC, the State Government of the desired region offers proposal of the 

potential sites  satisfying the safety, other technical and economic criteria provided by SSSC. This is the 

second step. The candidate sites are identified from the potential sites through screening evaluation using 

exclusion criteria in the third step. The approach of Screening Distance Value (SDV) is adopted for some 

exclusion criteria. Candidate sites are so identified that all of them are generally acceptable for locating an 

NPP from safety point of view. Ranking of the candidate sites using discretionary criteria is the main activity 

of second stage. However, high demand of acceptable site such ranking analysis of candidate site is not done. 

SSSC generally recommends a list of candidate sites for acceptance in the fourth step. Finally, the Central 

Government selects the sites in order of preference from the recommended list. Selected site is further 

evaluated and submitted for regulatory review and confirmation. 

In France, several nuclear sites have been selected from the 1950s up to the 1980s, and no additional sites 

were created latter. The last new site for NPP is Civaux site where construction began in 1988. The sites of 

construction of new nuclear installations in the course or envisaged are sites where nuclear installations are 

already operated. In this context, it has not been developed in France a specific approach for site selection for 

nuclear installations except for radioactive waste disposal in deep geological repository. Typically, a site is 

selected by the applicant. Nevertheless, in the set of files accompanying the application for creation, 

commissioning, and modification of a nuclear installation, the applicant shall justify that the design of the 

installation is compliant with the specific hazards of the site and that the impact on the environment of the 

installation is acceptable. 

IAEA recommends a three step site selection process [IAEA, 2014]. Though US [Chokshi, 2017], and Indian 

practices [Basu, 2017] also have multistep site selection process, there are some differences between them and 

also with that of IAEA safety standards. IAEA process yields a list of acceptable site in order of preference; 

the proposed and alternative sites in US practice; and all candidate sites are generally selected in India 

because of demand. 

Majority of respondents of NEA/CNRA survey do not require evaluating alternative site. If an applicant is 

required to evaluate alternative sites before selecting the site for which the application is made, this could 

imply that site selection is regulated, though some responses did not seem to be fully consistent on this point. 

In some countries, evaluation of a site with an operating reactor does not need additional site evaluation for 

new plants at the site [NEA/CNAI, 2010].  
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SITE EVALUATION: SITE CHARACTERISATION STAGE 

This stage is the principal stage of site evaluation (includes safety, health, and environmental evaluations), 

during which majority of activities for evaluating a site are carried out. Purpose of site evaluation of this stage 

is confirmation and acceptability of site. This is the third stage to implement safety considerations for the site 

as per IARA-SSG-35 [IAEA, 2014]. 

According to IAEA safety standard, complete site characterization and design basis of external events are 

derived in this stage for the design of NPP. As per USA practice, the site evaluation activities are not divided 

into different stages like IAEA Safety Standard. This stage is the equivalent to the period when detailed site 

evaluation is carried out to fulfill the same purpose. Indian practice has also same purpose for this stage.  

The practice followed by USA [NRC 2014a], French [Order 2012], and India [AERB, 2014]; the IAEA 

Safety Standard [IAEA, 2018] and information available on other countries practice [CNSA 2007], the site 

evaluation activities are broadly classified into following three aspects: 

1) Effect of site on plant: Characterization of site and derivation of design basis for  external events 

occurring in the region of the particular site; 

2) Effect of plant on public and environment: The characteristics of the site and its environment that 

could influence the transfer to persons and to the environment of radioactive material that has been 

released; 

3) Considerations for emergency management planning: The population density and population 

distribution and other characteristics of the external zone in so far as they could affect the possibility 

of implementing emergency response actions and the need to evaluate the risks to individuals and to 

the population. 

NEA/ CNRA survey also observed that it is a common practice to perform an environmental assessment, to 

address the impact of the site on the plant and the impact of the plant on the area around the site 

[NEA/CNRA, 2010]. 

A site is deemed unsuitable for the nuclear facility of the proposed type and size, if the evaluation considering 

the above aspects and/or subsequent review indicates that the deficiencies identified, cannot be compensated 

by means of 

1) Engineering provisions, i.e. design features,  

2) Measures for site protection and/or  

3) Administrative procedures, 

Effect of Site on Plant 

The structures, systems, and components (SSC) of an NPP are designed to withstand safely the effects of both 

natural and human induced external events considering the region within which the site is located and the 

geotechnical characteristics of the site area. Design of NPPs  to meet safety requirements warrants 

characterization of site and development of design basis for the hazards due to the external events that has 
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relevance to the site; and to establish the necessary design, fabrication, construction, testing, and performance 

requirements for structures, systems, and components (SSCs) important to safety with regard to the hazards.  

The external natural events/phenomena that are generally considered for safety of an NPP are earthquake 

induced ground motion and surface faulting; extreme meteorological phenomena like high wind, 

precipitation, snow, temperature; meteorological events, such as lightening, tornadoes and tropical cyclone; 

floods due to precipitation and other causes, water waves induced by earthquakes or other geological 

phenomena (e.g. tsunamis and seiches); and failure of water control structures; geotechnical hazards – soil 

liquefaction, collapse, subsidence or uplift of site surface; behavior of foundation materials. Example of 

human induced events are air craft crash, chemical explosions, hazardous effects of industrial, Military and 

transport and other activities of this categories. 

A site needs to be characterized adequately to describe the hazards or other outcome by the external 

phenomenon or events that will have impact on safety of the plant and/or radiological impact on environment 

and public. Site characterization for external event entails the site specific activities like investigation, data 

collection, literature survey, etc. to determine the value of parameters related to geology, geotechnical and 

geophysical aspects, seismology, hydrogeology, hydrology, meteorology, population, land and water use in 

adjoining zones, etc.  

The SSCs of a NPP are designed to withstand safely the effects of hazards caused by external events. These 

effects are expressed or established by those parameters which could be used in the design of SSCs with ease 

following the state-of-the-art and applicable guidance. Derivation of the design basis of the hazard is basically 

determination of the design value of these parameters using site characteristics as input. Table-3 summarizes 

some of the external natural events/ phenomena/hazards that play major role in safe design and operation of 

an NPP and corresponding design basis parameters. 

In evaluation of a particular site all the events/phenomena need not be considered. A screening is imposed to 

identify the hazards that are credible to the sites. The screened in hazards are then evaluated further for safe 

engineering of the plant at that site. An external event is screened with regard to its frequency and severity. 

Both qualitative and quantitative (probabilistic in the terms of annual frequency of exceedance) screening 

analysis is done using past data and available methods. When a quantitative assessment is done, a phenomena 

or combination of phenomena is considered relevant for evaluation of a particular site if its frequency per 

annum is more than a threshold value. IAEA-NS-R-3 [IAEA, 20016] does not specify any numerical value of 

such frequency.  This value is 10
-7

 per year as per Indian requirement [AERB, 2014], and 10
-7

 as per French 

and USA requirements for human induced events [ASN, 1982] and [NRC 2014a].    

There are certain similarities in IAEA, USA, French and Indian approach of external hazard evaluation. In 

derivation of design basis hazard, the most severe of the natural phenomena that have been historically 

reported for the site and surrounding area is considered. Sufficient margin is included for the limited 

accuracy, quantity, and period of time in which the data have been accumulated. Other areas of similarities 

are the following: 

 The hazards are evaluated for a time period encompassing projected operating life period of the plant; 

 The site specific data are used for the hazard evaluation. In absence of site specific data of a particular 

aspect, data from similar region and site condition are used; 
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Table-3 Major natural external events, phenomena, hazards and design basis parameters 

[IAEA, 1996; IAEA,2016; IAEA, 2014]  

No. Events/hazards/phenomena Design basis parameter 

Geology and Seismology 

1 Vibratory ground motion Acceleration response spectra and  time history 

2 Surface faulting Surface rupture potential 

Geotechnical 

3 liquefaction Liquefaction potential 

4 Landslides Landslides potential 

5 Subsidence Subsidence potential 

6 Foundation stability Bearing capacity and settlement 

Meteorological 

7 Air temperature Max dry bulb temperature and coincident wet bulb 

temperatures, max non-coincident wet bulb temperature and 

minimum dry bulb temperature.   

8 Precipitation Max quantity of precipitation over a period of time 

(typically 5 minutes - 24 hour or more). 

9 Wind speed Max wind speed. 

10 Tropical cyclone, typhoons, 

hurricanes 

Max wind speed; 

Other parameters – vertical profile of wind velocity, 

duration of wind intensity above a threshold, and wind 

induced missiles. 

11 Tornadoes Max wind speed; 

Other parameters – max expected pressure drop, max rate of 

pressure drop, and tornado induced missiles. 

Flood 

12  Extreme precipitation Flood hydrograph - peak flow rate and discharge time 

history of the entire event; 

Peak water level and time history; 

River bed and bank stability, river meandering and channel 

diversion potential, sedimentation and scour; 

Sediment transport. 

13  Sudden release of impounded 

water 

Flood hydrograph - peak flow rate and discharge time 

history of the entire event; 

Peak water level and time history; 

Blocking of intake by debris and ice; 

Static and dynamic forces; 

14 Strom Surges Max still water, if deterministic method is used; 

Hazard curve (still water level vs. annual frequency of 

exceedance), if probabilistic method is used. 

15 Wind induced waves Increase in water level due to wind  above still water; 

Wave run up height. 

16 Tsunami Max water level at shoreline; 

Run up height; 

Inundation horizontal flood; 

Max water level at the plant site; 

Minimum water level at the shoreline; and  

The duration of the drawdown below the intake. 

17 Seiches Max and min run up height. 
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 Prehistoric, historical and instrumentally recorded information and records, as applicable, of the 

occurrences and severity of hazards caused by external events are used after analysis for reliability, 

accuracy and completeness; 

 Both deterministic and probabilistic hazards analysis are acceptable, however, for a given hazard the 

actual practice varies in different countries. 

The survey results presented in reference [NAE/CNRA, 2010] does not have direct comments on the above 

with regard to participating countries practice. Different discussions presented in this reference indicate that 

the participating countries’ practices also address the above issues in hazard assessment of external events.  

In general, deterministic hazard analysis method is based on the concepts, such as maximum credible 

earthquake, considering past events and adding conservatisms to implicitly account for uncertainties. In case 

of probabilistic hazard analysis, the annual frequency of exceedance of the parameters establishing the design 

basis hazards is chosen based on risk-informed and/or performance based considerations.  This analysis 

explicitly accounts for the uncertainties.  The frequency of exceedance varies with the natural or man-made 

hazards.   

Natural Events 

Earthquake 

IAEA-NS-R-3 requires that the seismic hazards like vibration due to ground motion, permanent ground 

deformation such as faulting, folding, subsidence, collapse, tectonic and neo-tectonic deformation are 

evaluated by analyzing the regional seismotectonic model.  If the ground deformation has the potential of 

endangering plant safety, it is recommended to discard the site. IAEA-SSG-35 suggests considering these 

hazards as exclusion criteria by means of imposing the screening distance value of active faults from the site 

under consideration [IAEA, 2014]. Indian practice rejects this type of site by means of imposing SDV of 

presence of active fault from the site [AERB, 2014]. The USA practice considers it prudent to discard this 

type of site [NRC 2014a]; in France capable fault (i.e. capable to generate permanent ground deformation) 

shall be investigated in order to be able to discount the possibility of fault slippage during plant life [ASN 

1985]. 

The design basis ground motion is defined as safe shutdown earthquake ground motion (SSE) in USA 

practice [Chokshi, 2017]. It is termed as SL-2 level of earthquake [IAEA, 2010]. Other countries use these 

two terms in interchangeable way. IAEA-SSG-9 recommends the regional seismotectonic model for 

derivation of design basis ground motion is extended typically up to 300 KM from the center of reactor 

[IAEA, 2010].  Most of the countries have the same value. This IAEA Safety Standard prefers to derive the 

design basis ground motion (DBGM) parameters by both deterministic seismic hazard analysis (DSHA) and 

probabilistic seismic analysis method (PSHA). The intention of using both the method is to check the 

reasonableness of the PSHA result with respect to DSHA result.  In France and USA the DBGM parameters 

site of operating plants were derived by DSHA method. All new NPP projects in USA have adopted the 

probabilistic method [NRC, 2017]; while recently in France the DSHA [ASN. 2001] is supplemented by 

PSHA in some cases such as design extension conditions [Rebour. 2017]. Indian practice [AERB, 1990] 

accepts both DSHA and PSHA method to derive DBGM parameters. All countries take the value of annual 

frequency of exceedance not more than 10
-4

 when PSHA is adopted in determining the DBGM parameters. 
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In many countries including France, USA and India it is mandatory to engineer an NPP for a minimum value 

of peak ground acceleration (PGA) of 0.1g irrespective of seismotectonic status of the region within which the 

site is located 

Geotechnical hazards  

Geotechnical hazards such as slope instability, liquefaction, collapse, subsidence or uplift of site surface have 

significant impact on the safety of an NPP. A site is evaluated in detailed against these hazards. Sites with 

potential of massive ground failure due to geotechnical hazards are essentially discarded in most of the cases 

[IAEA, 2014].  

US NRC considers it is prudent to select an alternative site if the proposed site has potential for collapse and 

subsidence [NRC. 2014a]. IAEA-SG-35 recommends considering the potential of massive landslides (slope 

instability), massive liquefaction and massive karstic formation in the category of exclusion criteria during 

site selection. The lava flow, pyroclastic flow, ground deformation and massive lahar due to volcanism are 

also recommended in the class of exclusion criteria [IAEA, 2014]. In India, a site and its vicinity is evaluated 

for slope instability, soil liquefaction and surface collapse, subsidence or uplift. If the evaluation indicates that 

the potential of these hazards is such for which there is no feasible solution available for safety of the plant, 

the site is rejected [AERB, 2014; AERB, 2008a]. In France, the same geotechnical hazards as the one 

considered in India shall be assessed [ASN, 1985]. 

The requirements of investigating ground water regime and the chemical properties of ground water and also 

establishing the annual variation of ground water level are common in all countries.  

Behavior of foundation materials 

Site with competent bed rock as foundation media is preferable in all countries. Site within a region having 

stable soil such as dense sand is also acceptable. Other material in subsurface strata may provide stable 

foundation medium for which detailed geological and geotechnical investigation is to be done [Chokshi, 

2017; IAEA, 2005; AERB, 2008a; ASN, 1985]. IAEA-NS-G-3.6 recommends the approach for improvement 

of foundation condition for a site with a poor quality of substrata. The Safety Standard specifies the distinct 

tasks to be performed for this purpose [IAEA, 2005]. 

Meteorological hazards 

For the meteorological phenomena, service and extreme values which are required to be investigated during 

site evaluation are wind, precipitation, snow, temperature and storm surge [IAEA, 2016]. IAEA-SSG-18 

provides guidance for derivation of design basis parameters in the domain including “rarely occurring 

phenomena” that are lightening; tornadoes; and tropical cyclones. Other meteorological phenomena that have 

the potential hazardous effects on the safety of a nuclear power plant are dust storms and sandstorms; hail; 

and freezing precipitation and frost related phenomena. 

Indian approach is to evaluate these hazards is similar to the guidelines given in IAEA-SSG-18 [AERB, 

20014]. The US has extensive guidance e.g., NRC (2007a) and NRC (2011) in dealing with the high wind 

(hurricanes and tornado events) events using the historical data and other simulation models.  The US practice 

also accounts for the missile effects associated with the wind events. In France, practice for definition and 

characterization of meteorological hazards relies historically first on industrial codes, and, progressively more 

and more, on baseline requirements proposed by the licensees and possibly modified after being reviewed by 
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IRSN (Institute de radioprotection et de sûreté nucléaire) and ASN (Autorité de sûreté nucléaire), Recent 

developments were achieved on tornado events [Rebour 2017]. 

Floods  

Accident of Fukushima Da-iichi NPP accident indicates how devastating flooding hazard could be on the 

safety of an NPP. This accident also showed the cliff edge effect of flooding hazard, which compromised all 

most all defense in depth of the plant.  

Flood condition at a site could arise of precipitation, or wind, or earthquake or other geological phenomena. 

Flood at an inland site located in river valley or on flood plains are caused by heavy precipitation in the 

catchment area of the river. Example of wind induced flood is the flood at a costal site from storm surge. 

Earthquake induced flood at inland site are resulting from failure of water control structure such as dam, river 

blockage or river diversion; for coastal site - tsunami and seiches.  

IAEA-NS-R-3 [IAEA, 2016] requires investigating above flood condition depending on geographical location 

of the site, whether it is in river valley or in flood plain or coastal. Both probabilistic and deterministic 

methods for flood hazard analysis are recommended. Credible combinations of less sever flood conditions 

may result in having more devastating impact on safety as compared to the most severe single conditions 

[IAEA, 2011]. USA practice covers all the above flood conditions and credible combinations. The 

deterministic flood hazard analysis is generally used to derive design basis flood [Chokshi, 2017].  There are 

eleven situations to consider in assessing reference flood hazard at a French site: these “Reference Flooding 

Situations” (RFS) cover all possible flood conditions and have been defined on the basis of engineering 

judgment and considering annual frequency of exceedance not greater than 10
-4

. RFS is an event or a 

combination of events whose characteristics are increased if found necessary (unfavorable combination or 

margin to compensate for the limits of current knowledge). The RFSs are expressed either on the basis of a 

statistical analysis of the available data or deterministically [ASN, 2013]. Indian approach of site evaluation 

for floods are established for two types of flooding, inland flooding and coastal flooding [AERB, 1999b and 

2002], All flood conditions above as well as their credible combinations of less severity as discussed above 

are taken into account.  Both probabilistic and deterministic flood hazard analysis are acceptable. The annual 

frequency of exceedance is not greater than 10
-4

 for if probabilistic approach is adopted to derive design basis 

flood level [AERB, 2014].  

Human Induced External Events 

The nearby human built facilities that may affect the safety of NPP are; 

 Industrial facilities - manufacturing and storage plants of hazardous materials, mining activities, 

hydrocarbon pumping, etc.;  

 Military facilities – military airfield, military installation storing ammunition, shooting range, etc.; 

and  

 Transportation facilities - pipelines such as gas pipelines, airways, highway, railroad, river and sea 

traffic, 

Accident at these facilities can cause following external hazards, which may affect safety of an NPP 

 Chemical explosion causing high air pressure, fire, missile; 
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 Underground explosion and pumping hydrocarbon causing seismic wave and geological / 

geotechnical failure 

 Aircraft crash causing explosion, fire and missile; 

 Failure of rotating machine causing missile; 

 Drifting blankets or clouds of toxic or corrosive gases and of gases and smoke released from a fire. 

In USA [Chokshi, 2017], France [ASN, 1982] and India [AERB, 2015] the existing and projected human 

build hazardous facilities in the external zones are screened and then evaluated to investigate their potential 

impact on the safety of the plant. This is also the requirements of IAEA Safety standard [IAEA, 20014 and 

IAEA, 2002a]. Any such facility is not considered for next stage of evaluation in USA and India if it is 

located or fell beyond the specified screening distance value from the site. In France probabilistic screening 

criteria is used. The screened in facilities are then further investigated to examine whether it has the potential 

for credible radiological hazards or not. The design basis is derived for those events, which can cause 

radiological hazards. 

Change of Hazard with Time 

IAEA-SSG-18 [IAEA, 2011] recommends taking into consideration of change of hydrological and 

meteorological hazards over time resulting from: 

i. Regional climate change associated with global climate change, such as changes in air and water 

temperatures, sea level, the frequency of occurrence and in the intensity of some meteorological and 

hydrological phenomena (e.g. intense tropical cyclones, storm surges, river discharges); 

ii. Other changes  

a. in the physical geography of a drainage basin, including the estuaries, and changes to the 

offshore bathymetry, coastal profile and catchment areas; or changes in the surface roughness 

of the area around the site that may influence the effects of wind on the nuclear power plant, 

land subsidence in coastal area, and permanent deformation of earth surface due to 

earthquake;  and 

b. of land use in the area around the site. 

To compensate the changes of hazard with time due to climate change, the safety standard suggests to 

consider an additional safety margin in the design of NPP, and also to perform periodic re-evaluation of 

design parameters. 

French practice takes the impact of climate change into account on the basis of current knowledge, the 

predictable climate changes for a period representative of the installations' foreseeable life times and until the 

next safety review. High level of uncertainties is associated with impact climate change and other changes of 

hazards with time. The periodic safety review process is considered as an efficient way to cope with such 

uncertainties [Rebour, 2017]. 

India has similar requirements of IAEA safety standard on consideration of change of hazards with time. One 

additional requirement is to examine whether the increase in hazard due to such change has potential of 

inducing cliff edge effect [AERB, 2014].    

In US, the climate variability is considered for the expected life of the permit and the license.  The period 

considered is about 100 years – 20 years for the construction permit. Plus 40 years for a plant license, plus 20 

years or more for extended operations [NEA/CNRA, 2010?].  An interim NRC staff guidance [NRC, 2014b] 
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provides guidance for Greenhouse Gas and Climate Change Impacts for New Reactor Environmental Impact 

Statements.  The US regulatory framework utilizes continuous oversight to deal with changes or new 

knowledge and does not have periodical safety reviews.  

Effect of Plant on Public and Environment 

The purpose of assessing the effect of plant on public and environment is to investigate the atmospheric and 

aquatic dispersion of both radioactive and non-radioactive material due to site plant interaction during normal 

and abnormal operating condition. The offsite release beyond exclusion zone may be more than the 

acceptable limit, which may cause hazardous impact on the public and environment of the region and may 

warrant emergency response. The assessment has two major activities. The first one is to estimate the 

potential release from an NPP. This is a part of design activity of the plant. In the second part the dispersion 

analysis is performed to determine the quantity of released material reaching to public and environment 

through direct and indirect path ways. The atmospheric, surface and subsurface dispersion characteristics of 

the site and region provide important input for such analysis. Special attention is paid to the biosphere vis-à-

vis accumulation of and transport of radionuclides. The impact of effects of construction such as noise, dust 

and vibration on the public and environment in neighborhood is also assessed. 

The assessment of effects of plant on public and environment has principally three categories of objects. The 

first category consists of the natural resources like natural agricultural, forestry, rivers, lakes, sea, maritime or 

leisure spaces, heritage sites as well as the human made properties and agricultural production. The second 

category includes natural environment, landscape, flora and fauna, biospheres and biological balance, Public 

health and the quality of life constitute the third category.  

IAEA-NS-R-3 requires that the design should ensure that the site-plant interaction does not cause radiation 

risk to the public and environment beyond threshold limit during normal and abnormal operating condition. 

The safety standard provides the requirements for program of meteorological characterization for atmospheric 

dispersion; hydrological characterization for surface dispersion; hydrogeological, especially the ground water 

regime, for subsurface characterization; and ambient radioactivity of the atmosphere, hydrosphere, lithosphere 

of the region.  The characterization also includes agricultural land, food habits and principal food products All 

countries have similar requirements [AER, 2005a, AERB, 2008c, AERB 198a, AERB 2000a; Chokshi 2017; 

Rebour 2017]    

Considerations for Emergency Management Planning 

Both onsite emergency plan and offsite emergency plan are necessary to mitigate the hazards of radiological 

release. Subsequent discussion of this sub-section is limited to the site evaluation activities that are related to 

development of suitable onsite and offsite emergency plans. 

The onsite emergency plan is concerned with operator and plant specific persons, who are working within the 

exclusion zone, especially the site area. It is the responsibility of operator or licensee.  

The offsite emergency management plan (EMP) is concerned with the public and environment (beyond the 

exclusion zone if defined) covering the adjoining external zone for which emergency response is necessary in 

the event of radiological release beyond acceptable values. The purpose of EMP is to mitigate the impact of 

offsite radiological release. This is done by means of intervention, i.e., distribution of protective medicine, 

imposing restriction on food, etc.; evacuation of public from the high radiation areas to the areas with 

acceptable radiation level and providing suitable shelter there. In USA there are two emergency planning 
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zones (EPZs): the plume exposure pathway EPZ and ingestion [NRC, 2014a]. EMP makes provision for civil 

protection of the population residing within a radius up to 10 km in France [Rebour 2017]. The EPZ, in India, 

has 16 Km radius from the reactor center [AERB, 2016 and AERB, 2005b]. 

It is generally ascertained during site selection that the characteristics of site and surrounding area is suitable 

for implementation of emergency management plan. First task of EMP during site evaluation is demarcating 

surrounding areas for establishing the external zones. For development as well as implementation of 

emergency management plan the external zones are characterized with respect to population, land and water 

use, availability of infrastructure such as roads and other evacuation means, shelter like school and other 

public buildings,  

As regards to population IAEA-NS- R -3 requires that the region, within which the site located, is studied to 

evaluate the present and foreseeable future characteristics and the distribution of the population of the region. 

The study includes an evaluation of present and future uses of land and water in the region. It also takes 

account of any special characteristics that could affect the potential consequences of radioactive releases for 

individuals and the population as a whole. The IAEA safety standard does not put any limitation on 

population in the external zones. However, the exposure of the population due to site and plant interaction 

during normal operation and transient conditions remains within acceptable limit; and radiation risk to the 

population during accident conditions, including those that warrant emergency response action being taken, is 

within prescribed limit. 

In USA, reactors are located away from densely populated centers from three considerations – 1) a part of the 

NRC’s defense-in-depth philosophy, 2) facilitating emergency planning and preparedness, and 3) reduction of 

potential doses and property damage in the event of a severe accident. Population data are to be estimated in 

relation to the time of initial plant approval. Population projections should be made by decade for a 40-year 

period beyond the start of power plant operations. Within 5 years of initial site approval, the population 

density averaged over any radial distance out to 20 miles (cumulative population at a distance divided by the 

area at that distance), does not exceed 500 persons per square mile. The transient population is included in 

this characterization by weighing the transient population according to the fraction of time the transients are 

in the area [NRC. 2014a]. 

There is no restriction, in India, on population characteristics in the external zones of an NPP site. For 

developing a suitable EMP, information on existing and projected population distribution are collected up to a 

radius of 30 km from reactor center. This covers permanent residents, transient and seasonal population. Data 

collection includes details of densely populated areas and population centers, industries, places of tourist 

interest and institutions such as educational institutions, hospitals and prisons. The data is updated during 

each periodic safety review during the life time of the nuclear plant. The population data is studied in terms of 

direction and distance from the plant [AERB, 2014 and AEB, 1998c].  

France also does not have any restriction on population in the surrounding area of NPP.  Population data 

collected includes population centers and distribution, including permanent residents and transient population; 

population in each educational, medical, social and touristic institutions. It also specifies the natural and 

economical significant areas (e.g. environmental protected areas, water resources) [Rebour 2017]. 
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SITE EVALUATION ACTIVITIES DURING OTHER STAGES 

Remaining two stages of site evaluation, as per IAEA-SSG-35, are Pre-operational stage and Operational 

stage. Monitoring of hazard parameters, confirmatory work and reevaluation of hazard are three major classes 

of activities in these remaining stages.  

Pre-operational stage covers the construction period. Confirmatory evaluation works, which need to be carried 

out after excavation or during construction, are undertaken at this stage. The site evaluation mainly deals with 

external events, phenomena, hazards, conditions. Their investigation and derivation of design basis cannot be 

validated by means of experimentations. Comprehensive monitoring of environmental parameters, hazards 

and conditions that are important to safety is therefore important for ensuring safety of the plant during 

operation. The monitoring scheme is implemented at this stage. Collection of base line data is another 

important activity of this stage [IAEA, 2016].  

The operational stage starts with commencement of operation of the plant and continues till the end of 

operating life of the plant. In addition to confirmatory and monitoring work, reevaluation of hazards and 

review of change in hazards with time are conducted during periodic safety review in this stage [IAEA, 2016 

and IAEA, 2014].  

In India, AERB/NF/SC/S specifies three more stages of site evaluation after site assessment stage. Next two 

stages are pre-operational stage and operational stage. Activities of these stages are similar to that of IAEA-

SSG-35 including monitoring, confirmatory work and the periodic safety review [AERB, 200b]. Sixth stage is 

decommissioning stage, during which, the hazard is reevaluated taking into consideration of changed 

configuration of plant. Monitoring is an important activity of this stage too. 

All confirmatory and monitoring activities, which are included in two stages following the site assessment 

stage, are performed as per French practice during construction period and operational life of the plant. 

Reevaluation of hazards and site characteristics and review of change of hazards with time are parts of the 

French ten-yearly periodic safety review process. 

As discussed earlier, the site evaluation activities are not divided in to five stages in USA like IAEA-SSG-35. 

However, monitoring of important parameters, confirmatory work (wherever it is necessary), operating 

experience, and reevaluation of hazards (if warranted because of some development or new knowledge) are 

part of US practice as an ongoing continuous process. 

REGULATORY INTERFACE 

IAEA-SSG-35 [IAEA, 2014] reports that the site selection is a non-regulated activity and no license is 

required in most of the member states. The siting process (site survey and site selection) and site evaluation 

process provides input for three important tasks with respect to an NPP project, which are: 

a. The decision regarding the suitability of the preferred site, 

b. Derivation of site specific design basis parameters of the external events.  

c. Preparation of the safety analysis report (SAR) and environmental report (ER) which demonstrates 

that the plant is designed and operating procedure is developed to ensure that site-plant interaction 

does not cause undue radiological risk to operator, public and environment. 

All three tasks have regulatory interface. It is expected that the siting process and site evaluation process is 

consistent with the licensing process of national regulatory body and relevant IAEA safety standard. 
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In USA the selection of sites for nuclear power plants is largely made by the investor-owned power 

companies. The Nuclear Regulatory Commission (NRC) is the regulatory authority in USA; The overarching 

purpose of the NRC review is to provide reasonable assurance that a site can safely host a future nuclear 

power plant or plants from the standpoint of: site safety; environmental protection; emergency planning; and 

safe and secure plant operation on the selected site.  A utility, who selected the site, can apply for early site 

permit (ESP) and combine operating license (COL) for a license to construct and operate a nuclear power 

plant on the site they select.  An ESP provides an option for banking a site for future use in placing one or 

more nuclear power facilities.  An applicant can apply for a COL to build a selected design at a site with an 

ESP.  In last few years, NRC has issued several ESPs and COLs.  All of the recent COLs have used standard 

designs, but that is not required.    The application is consistent with the industry guidelines on site selection 

and evaluation criteria and for preparing an ESP application [EPRI, 2002 and NEI, 2001] and NRC guidance 

[NRC, 2007b]. The NRC staff, as per practice, review the application from two considerations - site safety 

consideration and environmental considerations. The staff prepares two reports - site evaluation report (SER) 

and environmental impact statement (EIS).with recommendations whether to approve or deny the license to 

the Commission. The issues considered for site safety considerations are related to site characterization and 

derivation of design basis for both natural and human induced external events/phenomena/considerations; 

dispersion of radiological materials and emergency management planning. NRC staff review reports on both 

radiological and non-radiological impact of the plant on surrounding public and environment. NRC also 

organizes public consultation process on the proposed plant.  

India regulatory authority is Atomic Energy Regulatory Board (AERB). AERB has five stage consenting 

process to regulate an NPP project from radiological and nuclear safety considerations: siting, construction, 

commissioning, operation and decommissioning. The construction consent can be split in to three stages of 

approval – excavation, first pour of concrete and major equipment erection [AERB, 200b and AERB, 2007]. 

The operator/owner of the plant makes application for consent. Site selection does not fall under the purview 

of regulatory regime of AERB. However, it is performed in conformity with AERB and Safety Codes and 

Guides. The siting consent concerns with acceptance or rejection of the proposed site after review and 

assessment of documents, on site safety as well as environmental impact, submitted by utility along with and 

in support of the application.  For site safety consideration, two main reports are reviewed - site evaluation 

report and design basis information of the plant. As regard to assess the impact of the proposed NPP on 

environment, two separate studies are conducted: radiological impact assessment (RIA) and environmental 

impact assessment (EIA). These two works are reviewed by to two independent regulatory authorities. RIA 

report is reviewed by AERB; the EIA report, which covers non radiological issues, by the Ministry of 

Environment, Forest and Climate Change (MoEFCC) of Federal Government. Public consultation which is an 

essential part of EIA report review is conducted by the Local Government of the region where the site is 

located. The Public Consultation comprises of public hearing at the site or in its close proximity and obtaining 

responses in writing from the stake holders. After successful completion of the public consultation, the 

applicant finalizes the EIA and EMP report addressing appropriately all the concerns raised during this 

process and submit these reports to the concerned regulatory authority. Alternatively a supplementary report 

to draft EIA and EMP addressing all the concerns expressed during the public consultation may be prepared 

and submitted. Siting consent does not allow starting the site activities which would concern with plant safety. 

Either construction consent or excavation approval is needed to start such activities. The site safety aspects 

and RIA are reviewed regularly during periodic safety review (PSR), once in every 10 years [AERB, 200b].   
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In France, ASN is the regulatory authority and IRSN is their technical support organization (TSO) for 

preparation of regulatory documents and review of documents submitted by Utility. The preliminary safety 

analysis report (PSAR) contains adequate information on site safety and a separate report on environmental 

aspects such that its successful review may result in acceptance of the site. The National Environmental 

Agency’s view on the environmental report is sought. Public consultation is an important component of the 

regulatory system. The authorization to create a nuclear installation can only be given after a local public 

inquiry as provided for in L593-8 of Environmental Code. It aims at informing the public and collecting 

opinions, suggestions and counter-proposals, in such a way as to provide the competent authority with all the 

elements necessary for its own information before any decisions are made. The Prefect (local representative 

of the State) opens the public inquiry at least in each of the communes which is located, at least in part, less 

than 5 km from the perimeter of the installation. Most of the dossier submitted by the licensee in support of its 

authorization application is made available in the public inquiry dossier. A risk control study supplements the 

safety analysis report which is a large document, difficult for non-specialists to understand. [Rebour 2017]. 

From the survey conducted on 15 countries, NEA/CNRA summarized the following regarding regulatory 

practice with reference to site selection and evaluation, “Evaluation of alternate site is a good practice and it 

may be concluded that, in general, the site evaluation factors in NS-R-3 are considered in all member states, 

though commonly through a local interpretation. Since most of the member states are also members of the 

European Union or their national safety regulators are members of WENRA, recommendations from these 

sources form part of national practice”. Though the higher level of regulatory approach has commonality, 

there are considerable variations between them in the manner in detailed implementation [NEA/CNRA, 

2010]. The regulatory consent may not be provided at site selection stage. The regulatory body consider the 

requirements of IAEA-NS-R-3 in reviewing the site evaluation and environmental impact assessment work. 

The survey revealed that the public consultation generally accepted in order to obtaining acceptance of new 

nuclear project by the public. Public consultation process is different in different countries. In some countries 

this is often done by transmitting information rather than entering into a dialogue with all stake holders. In 

some cases, the interactions also occur via a formal activity, such as a licensing hearing,  

SUMMARY 

Site of a nuclear installation / facilities is the geographical location under management of an organization 

authorized to construct, operate and decommission the installation, or to perform specific activity involving 

radiological and nuclear safety. The different external zones are established in the adjoining area of a site to 

implement safety measures such as emergency management plan. Different countries have different practices 

for defining these zones. First such zone is exclusion zone. A site needs to be properly selected and 

adequately evaluated so that the plant design ensures that the structures, systems and components (SSC) 

important to safety shall remain operational so the site-plant interaction does not cause any undue radiological 

exposure to the public and environment during both normal and abnormal operating conditions. A nuclear 

power plant attracts highest level of stringency in site evaluation and graded approach is applied for other 

facilities. Different countries have different practice for site selection and site evaluation. This paper reviews 

the practices of different countries. The outcome emerging from the review is summarized with the purpose of 

outlining the state-of-the-practice for site evaluation. 
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