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Abstract. A real time online decision support system as a nuclear emergency response system for handling offsite nuclear emergency at the Nuclear Power Plants (NPPs) has been developed by Health Safety & Environment Group, Bhabha Atomic Research Centre (BARC), Department of Atomic Energy (DAE) under the frame work of “Indian Real time Online Decision Support System “IRODOS”.

1. Introduction 
A Decision Support System (DSS) intends to provide comprehensive and timely information to the response team handling a nuclear emergency arising from a nuclear accident. The development of decision support systems worldwide is based on lessons learnt from the historical Chernobyl accident.  Although the accident in a RBMK (Acronym for Russian - Reaktor Bolshoy Moshchnosti Kanalniy) reactor can hardly be taken as a benchmark for reactor safety, the environmental releases from the accident have nevertheless led to the most important improvements in the field of off-site emergency management. 
Although India was not significantly affected by the fallout from the Chernobyl accident, it has drawn its lessons from the experience of the European countries and has augmented its emergency preparedness. Online environmental radiation monitoring network distributed throughout the country, independent and satellite based communication network, computerized on-line plant information system connecting all NPPs etc. were taken up in phased manner in this process.  In view of India’s rapidly expanding nuclear power program and the introduction of large capacity units, it was considered imperative to put in place a DSS for nuclear emergencies at all nuclear power plant (NPP) sites to assist off-site emergency management under the frame work of “Indian Real time Online Decision Support System “IRODOS”. The salient features of IRODOS system developed and operational are:

a) 72 hours meteorological and radiological forecast with hourly resolution and update every 24 hours. 

b) Results available for a region of 75 km radius around Nuclear Power Plants with a spatial resolution of 1 km x 1 km. 

c) State of the art weather prediction, dispersion modeling techniques and radiological dose calculations.

d) Advanced detection and communication network for sensing and assessment of accidental releases.

e) User friendly visualization of results on a Geographical Information System (GIS).

f) Storage of various databases required for handling emergency

g) System operational permanently on a real time online basis.

h) Live display at various places like control room, emergency response centre, crisis management group, offices of senior decision makers etc.

2. Present IRODOS System
The system in its present form gets 72 hours forecasted Numerical Weather Prediction (NWP) from mesoscale weather forecast model MM5 (Mesoscale Model version 5), operational at National Centre for Medium Range Weather Forecasting, NOIDA, India.  The NWP is available in two spatial and temporal resolutions. One is in a grid size of about 30 km x 30 km over the Indian domain covering about 4000 km x 4000 km and a vertical height of about 15 km with a temporal resolution of 12 hour. The second one is in a grid size of 10 km x 10 km covering a horizontal region of 150 km x 150 km and a vertical height of about 15 km over each of the Indian NPP sites with a temporal resolution of one hour.  
The coarser resolution NWP data is used in driving regional scale atmospheric dispersion model to simulate the transport and deposition of various radionuclides in case of a large scale nuclear disaster in a grid size of 30 km x 30 km in the Indian domain. The finer resolution NWP data is used in driving atmospheric contaminant dispersion model RIMPUFF (Riso Mesoscale Puff Model) to simulate the transport and deposition of various radionuclides in case of an accident at NPP in a grid size of 1 km x 1 km with a time resolution of 1 hour upto a radial distance of 75 km from the reactor centre. These results are used in calculating the radiological doses received by the population through various intake pathways using COSYMA (Code SYstem from Maria), a radiological dose code, and predicts the optimum countermeasures based on avertable dose concept. These results are displayed on a GIS. The various data bases/layers available in GIS are city and village boundaries, hospitals, schools, police and fire stations, sheltering and rallying points, vegetation cover and live stocks, transportation, road network etc. 
The system in its normal operation runs with a high release term (fictitious source term) to simulate a beyond design based accident (BDBA) scenario with all counter measure options activated. An accident/event is sensed by IRODOS system using the NPP status sensors and/or from the field environmental gamma radiation monitors located around each NPP. Indigenously developed, solar powered environmental radiation monitors (ERMS) are installed around each NPPs, to sense an accident. These ERMS are placed in approximately two concentric rings, nearer one mainly to respond to ground releases and the farther one to elevated releases. Data from these monitors are continuously received and updated at the IRODOS centre using GSM (Global System for Mobile communication) based wireless data communication system, inbuilt in this system.
Once an event/accident is sensed, IRODOS system switches over to an emergency mode. It calculates the likely source term based on the ERMS readings using inverse calculations or from the NPP status data. The atmospheric concentration and dose contours are updated based on this source term for early phase action. The entire dispersion and dose calculation with the new source term is activated along with the estimation of optimum counter measures, for later phase decisions.  
The system with its 72 hour meteorological, radiological and counter measure forecast, will guide the decision makers in arriving at optimum counter measures through various visual and query supports to minimize the radiological impact to the public during an offsite nuclear emergency. 
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