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Abstract.  The events of earthquake, tsunami, and subsequent nuclear accident at Fukushima, Japan have provided us a warning about the possible consequences on nuclear safety arising out of natural calamities. The event has raised a lot of emotions worldwide against the whole nuclear community. The whole nuclear community in the world responded to address the specific issues w.r.t. preparedness against natural calamities. However, it is the responsibility of the all the stake holders to keep a rational eye on this event.

 The natural calamities considered are earthquake, flooding due to excessive rain fall with high tide, storm surge and wave, tsunami and dam failure. The possible consequences like sloshing, land slide due to earthquake etc. are taken care of. The facilities are therefore being investigated for conditions beyond design basis scenario arising out of natural calamities similar to the one occurred in Japan and assess the ability to cope up with the possible consequences. 
The degradation of the old facilities due to aging process is required to be considered.  It is essential to keep the safety critical equipments at safe height to avoid black out conditions during heavy flooding. Subsequent to Fukushima accident, facilities which are lying in the level below the safe flood level were reviewed for necessary anti-flood measures. A detailed exercise has already been in progress subsequent to the 2004 Indian Ocean tsunami, at nuclear and radiation establishments of India for estimating the maximum tsunami wave heights that can possibly be generated from the sub-sea faults around the Indian coasts. Work done so far indicates that the maximum postulated flood level in few parts of India (based on a tsunami generated from the strongest possible sub-sea earthquake caused by the Andaman-Nicobar-Sumatra fault) will get revised upwards. But, many facilities being located at considerable distance from the shoreline are not vulnerable to flooding due to tsunami.  Detailed investigation on indirect consequences like knocking out of all external and internal power supplies, inability to restore power supply, inability to hook up a source of coolant have been carried out recently.  Common emergency services like fire fighting, civil maintenance and their command line were also reviewed.  Based on this, an action plan on readiness of plant specific emergency preparedness in case of natural calamities have been drawn and placed into effect.  This paper summarizes the role of regulatory body in assessing safety of the nuclear and radiological facilities against natural calamities, which are beyond design basis.     
1.
Introduction
The nuclear and radiation facilities in India are designed and built to withstand a wide variety of events including natural disasters like earthquakes, tsunami, and heavy rain falls. Elaborate training, experience and licensing /certification requirements are prerequisite for licensing of these facilities by the regulatory body.  In India, the safety and regulatory coverage for the nuclear and radiological facilities are governed by Atomic Energy Regulatory Board (AERB) in general and BARC Safety Council in particular for Bhabha Atomic Research Centre (BARC) facilities.  The facilities are built and operated as per applicable international and national codes.  The consenting stages in general are siting, construction, commissioning, operation and decommissioning.  The facilities are built with necessary equipments and systems to control and mitigate adverse events.   Experienced man-power is capable of taking actions necessary to control and mitigate consequences of any adverse events.  Each facility is provided with multiple layers of protection and is devised with emergency preparedness plans to take care of situations arising due to natural calamities. This paper summarizes the role of regulatory body in assessing safety of the nuclear and radiological facilities during natural calamities which are beyond design basis.     
2.
Design Basis accidents and preparedness
Design Basis Events (DBEs) are set of events that serve as part of the basis for the establishment of design requirements for systems, structures and components within a facility. DBEs include normal operations, operational transients and accident conditions under postulated initiating events (PIE).  DBEs are categorized on the basis of their expected frequency of occurrence. Any change in category proposed by the designer should be justified by appropriate analysis. Each of the DBE considered should be assigned to one of the following groups based on frequency of occurrence. 
(i)   Category-1 events: normal operation and operational transients.

(ii)  Category-2 events: events of moderate frequency.

(iii) Category-3 events: events of low frequency.

(iv) Category-4 events: multiple failures and rare events.

(v)  Events not falling in any of the above categories called Beyond Design Basis Events (BDBE).
Events of very low probability of occurrence (ex. less than 10-6 per reactor year), which are considered only for off-site emergency plan or site selection issues, are called as Beyond Design Basis Events. An example for beyond design basis events is loss of coolant accident coupled with failure of both the reactor shutdown systems.  
3.
Fukushima Accident and lessons learnt
The Fukushima accident in March 2011, provided warning to the nuclear community about the possible consequences arising out of natural calamities. Subsequent to the event in Fukushima a need was felt for reassessment of preparedness of nuclear facilities against natural calamities and especially for conditions of BDBE. The main aim of the task was to assess the safety and robustness of facilities in case of extreme natural calamities, mainly earthquake and flooding which may result in an extended blackout condition.  The events occurred in Fukushima highlighted the combination effect of initiating events due to extreme external hazards and consequential failures.  
The regulatory body constituted a Task Force for assessment of preparedness of the facilities to handle the consequences. The facilities were directed to investigate the beyond design basis scenario arising out of natural calamities similar to the one occurred in Japan and assess the ability to cope up with the possible consequences. 

4.
Approach for Management of Earthquake
Based on data of historical seismicity, the code IS 1893 published by Bureau of Indian standards has divided India into four seismic zones (zone II to zone V) with higher zone numbers denoting increasing levels of seismic hazard. As per the regulatory requirements, no nuclear power plant shall be located at a site that falls in seismic zone–V, which has a potential to generate earthquakes beyond Magnitude-7.   Site specific studies are carried out for evaluation of design basis ground motion.  In addition, it is also verified during siting that no earthquake generating faults are located within 5km radius of the site.

The assessment has been done in three steps starting from preparation of a questionnaire on the topic by the task force, which included data on summary of information on response to earthquake, flooding and emergency plans to combat the natural disasters.  The facilities were asked to assess the hazard potential of the material and systems handled in their respective facilities.  Information was sought about level of Peak Ground Acceleration (PGA) for which the facilities were designed and whether the additional load arising out of sloshing has been specifically considered in the design.  Facilities were asked to estimate of the maximum PGA that the facility can withstand.   The level of PGA is based on the hazard potential of the facility and on seismic zone where the facility is located.   Where information was not available on PGA of the particular facility, the seismic qualification of the Systems, Structures and Components (SSCs) would be carried out in more formal way. Incidentally, Fukushima has not heightened our concern regarding the ability of the SSCs to withstand high levels of ground motion. In fact, it showed that SSCs designed for certain ground motion could withstand higher value due to inherent margins available.  Typical facilities with specified earthquake level are given in Table 1.
	Sr. No.
	Facility  
	Peak Ground Acceleration
	Site

	i. 
	Research Reactor
	0.11g (Withstand capability of building being reassessed) 
	Site -1 


	ii. 
	Radiological Laboratories 
	0.20 g (retrofitting required in one of the blocks). 
	Site -1 



	iii. 
	Spent Fuel Storage Facility  
	0.10 g (civil structure can withstand 0.2 g, sloshing considered)
	Site -2 



	iv. 
	Spent Fuel Storage Facility  
	0.078 g (can withstand 0.156 g, sloshing considered)
	Site -3 




Table.1. Typical facilities and earthquake levels
5.
Approach for management of Flooding
Obviously nuclear facilities need large quantities of water for its operation and cooling purpose and are therefore, suitably located either at coastal sites or at inland sites by the side of a reservoir or a river. It is therefore, imperative that safety of nuclear facilities is assessed against flooding.  Identification of various phenomena relevant to the site conditions, which can result in flooding, is very much necessary.  These include possible upstream dam failure, snow melt, high tide, storm surge, as well as earthquake induced water waves i.e., tsunamis.  It is not possible to draw any firm and specific conclusion on the causes of the Fukushima accident in terms of design faults or inadequacies in procedures or in their implementation.  However, it was apparent that the accident was mainly caused by,
(i)  Severe flooding caused by the beyond design basis tsunami, and
(ii) Consequent prolonged loss of off-site as well as on-site AC power supplies.  
Our facilities include research reactor, nuclear fuel cycle facilities and radiological laboratories.  Systems considered for safety of facilities are for safe shutdown, cooling, ventilation, monitoring of air activity, availability of emergency power supply, emergency preparedness plan with respect to handling of flooding. Design basis flood levels for the whole facility and safe elevation of systems relevant to safety are very crucial.  Assessing the magnitude of extreme natural events is a highly challenging task due to the inherent uncertainties involved, especially in respect of tsunami wave heights.
The assessment of facilities at Site-1 (Trombay) in the coast of Arabian Sea has revealed that the facilities are not exposed to open sea and hence is not much prone to damage due to cyclones. Presence of mangroves provide natural protection and the level rise due to wave run up is significantly reduced.  This site had experienced very heavy rainfall in the year 2005 and an assessment was done at that time.   While the facilities withstood the same without any serious consequences, it brought out some inadequacies.  The adequately designed high level walls have been provided to handle such situations.  The drainage facilities have since been upgraded and will protect the facilities against similar excessive rainfall.   Construction of a round rubble wall along the coastal side is also being pursued.

For the facilities located at Site-2 (Tarapur) there will be no change in the maximum postulated flood level. The facilities at this site are located at considerable distance from the shoreline and are not vulnerable to flooding due to tsunami. Adequate margin has been considered while fixing reference level for the facilities.

For Site-3 (Kalpakkam), flood level assessment is based on a tsunami generated from a sub-sea earthquake caused by the Andaman-Nicobar-Sumatra fault and takes into account, in a most conservative manner, the fault parameters and the directivity of tsunami propagation towards the site. The work done on Tsunami so far indicates that the maximum postulated flood level at Site-3 coast is likely to get revised upwards and consequently, the corresponding design improvements for facilities at the site is being considered.  Some of the facilities located at this site are most likely to remain unaffected due to its grade level being sufficiently high.   
6.
Emergency Preparedness
For safe operation of nuclear and radiation facilities, prevention, control and mitigation of various postulated initiating events (PIE) have been considered. Further, each nuclear facility is also required to formulate comprehensive emergency plan termed as emergency preparedness plan, which will help ensure public safety during those low frequency events, which can have a significant radiological impact in public domain. These plans provide for appropriate action, by way of protective measures, for implementation in proper time frame so that radiation exposures to members of the general public would remain within acceptable limits.   Depending on the nature and severity of accident, the effect of the emergency may be restricted to either a small area of the plant. In more severe cases, release of radioactivity from the plant may contaminate the site within the site boundary or can propagate outside the site boundary. Taking these into consideration, emergency situations are classified as plant emergency alert, plant emergency, site emergency, and off-site emergency. 
Task Force appointed by the regulatory body, recommended that more emphasis should be placed on adopting design measures and emergency preparedness for enabling the facility to deal with situation arising out of natural calamities.  

7.
 Implementation Measures / Recommendations
Design provisions should be made to ensure safety even for the conservatively estimated magnitude of extreme events without any unreasonable demand on operator actions. For example, provision of air cooled diesel generators (DGs) capable of remaining operational even under extreme events, and portable power packs that could be easily hooked up at pre-identified points to supply back-up power for performing essential safety functions and obtaining information on important safety parameters, have been considered as a further measure of defense-in-depth. The implication of the revised flood level was evaluated to meet the tsunami emergency requirements. A typical revised Design Basis Flood Level (DBFL) has been calculated and appropriate protected bund is to be erected (Fig 1). Seismic re-evaluation was carried out for the facilities for which no explicit data is available regarding seismic design and radiological consequence analysis was carried out wherever seismic evaluation was not feasible.


Fig 1: Flood Level Calculations for Typical Facility

A beyond design basis external event may disable the systems available at the site for monitoring and control of important parameters, say in the case of a reactor. It may also result in physical isolation of the site such that, it may not be possible to receive outside help for a considerable period of time. Creation of an emergency centre at each site, which will remain functional under such conditions, is therefore recommended. The centre should have adequate radiation shielding and should be seismically qualified. It should also have provisions for communication with relevant agencies and for obtaining information from all units at the site to help, decide on further course of actions. The centre should also cater for food, resting etc. for identified emergency response personnel for a period of, say one week. Emergency preparedness and response should be checked periodically for its capability w.r.t. transport, communication, medical facilities, fire fighting & dewatering.
8.
Safety Regulations

Safety regulations in India are implemented based on safety codes and safety guides. The safety regulations are applicable to various stages of consenting, namely siting, design & construction, commissioning, operation and decommissioning. Besides this, standards on the regulatory process have been issued to lay down procedures for consents, design and operational safety review and regulatory inspections.  The regulatory codes and guides should address beyond design basis events arising out of natural calamities also. Regulators should assess the preparedness of nuclear and radiation facilities against such natural calamities.
9.
Conclusions
The events at Fukushima, Japan have given the trigger to the nuclear community to address the capability of a facility to cater to situations against natural calamities.  A licensee should design the facility for beyond design basis events and also should have comprehensive emergency preparedness plan.  Regulators should review and ascertain the capability of the facility in this regard. Regulator should update safety codes and guides to specify requirements to address beyond design basis events arising of natural calamities.  Regulators have a very important role in assessment of preparedness of nuclear and radiation facilities against natural calamities and thereby assuring the public about radiation safety. 
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DBFL: Design Basis Flood Level
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MSL: Mean Sea Level
































