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A national level emergency preparedness exercise codenamed Exercise Unified Response (ExUR) was conducted over three days in May 2014 at Ontario Power Generation’s (OPG) Darlington Nuclear Generating Station (DNGS).  More than 50 government agencies and regional organizations, including the Government of Canada, the Province of Ontario, Ontario Power Generation, the Regional Municipality of Durham and the Municipality of Clarington worked together to test and validate emergency response plans and processes to demonstrate Canada's collective ability to respond to a nuclear emergency.  
The Emergency Operations Centre (EOC) at the Canadian Nuclear Safety Commission (CNSC) in Ottawa was activated throughout the 3 day exercise, testing and verifying its own response capability.  Throughout the exercise CNSC communicated key plant information with respect to the accident progression, off-site consequences and proposed or implemented protective measures to the IAEA and the US NRC.
The IAEA participated in the exercise and provided support through notification and official information exchange, assessment of potential emergency consequences and prognosis of possible emergency progression, provision of public information, provision of assistance on request and coordination of inter-agency response.
The US NRC used the Canadian National Exercise to test their own operations centres’ capabilities to respond to a non-domestic nuclear incident.
This paper presents an overview of the CNSC TSO experience and lessons learned during ExUR with emphasis on the interaction between the CNSC EOC, the IAEA and the US NRC.
I. INTRODUCTION
In May 2014, Exercise Unified Response (ExUR), a three day national level emergency preparedness exercise, was conducted at Darlington Nuclear Generating Station (DNGS). More than 50 government agencies and regional organizations, including the Government of Canada, the CNSC, the Government of Ontario, Ontario Power Generation, the Regional Municipality of Durham and the Municipality of Clarington worked together to test and validate emergency response plans and processes to demonstrate Canada’s collective ability to respond to a nuclear emergency.   

The CNSC fully activated its Emergency Operations Centre (EOC) for the duration of the exercise and provided round the clock assessments of the accident progression, potential source term estimates, and subsequent dispersion and dose evaluations.  The team established communication links with its international players, the US NRC and the IAEA, in order to share technical information and plant status updates. 

II. CNSC EMERGENCY OPERATIONS CENTRE

II.A. Role of the CNSC
The CNSC emergency organization must be activated for all events which are leading or could lead to significant on-site or off-site consequences, and where the consequences of the event will be strongly affected by the operator's actions. 

The role of the CNSC during a nuclear emergency is to provide assurance that appropriate actions are taken by the licensee and response organizations to limit the risk to health, safety, security of the public and the environment.  This includes an independent assessment of the onsite conditions and potential offsite consequences as well as assessing and confirming both the licensee’s and the responsible government’s recommendations concerning protective measures.  The Technical Support Branch (TSB) of the CNSC is the integrated TSO of the Canadian nuclear regulator and is responsible for conducting this independent assessment through the Technical Assessment Section.
II.B. Role of the Technical Assessment Section
The Technical Assessment Section is a specialized group within the EOC and is comprised of technical specialists in the fields of fuel and physics, thermal hydraulics, containment systems, severe accident progression and mitigation, radioactive dispersion and radiation protection.  In order to effectively assess the safety significance of the emergency, the Technical Assessment Section must be fully aware of the emergency scenario, be informed of the actions taken by the operators, and be able to assess the impact of such actions.  The section also monitors the off-site response to ensure appropriate protective measures are being implemented.
An additional role of the EOC is to establish communications with the International Atomic Energy Agency through the Unified System of Information Exchange (USIE).  Following the initial notification through USIE, the CNSC Technical Assessment Section communicates directly with the IAEA’s Incident and Emergency Centre (IEC) specialists and provides additional information on the accident progression, off-site consequences and proposed or implemented protective actions.
As well, technical communications are established with the US NRC Incident Response Centre.  This communication link is essential for US NRC staff as a nuclear accident in Canada will impact citizens of the United States and appropriate protective measures will need to be considered at the earliest opportunity.
III. EXERCISE UNIFIED RESPONSE
ExUR was a full scale severe accident emergency based on a single-unit loss-of-coolant accident followed by a tornado-initiated full station (4 unit) blackout on day one.  Emergency Mitigating Equipment (EME) was simulated to have failed and the station entered into a severe accident state on day two.  Day three of the exercise included a simulated radiological release in order to include participation from local authorities in carrying out protective measures for the public.
The Technical Assessment Section went into full activation early on day one and provided multiple diagnostic and prognostic assessments of the plant status, potential source term estimates, and radioactive dispersion projections.  Technical communications were established and maintained throughout the exercise with the licensee, the Province of Ontario’s emergency operations centre, the Government of Canada’s operations centre, the US NRC and the IAEA.
IV. TSO EXPERIENCE AND LESSONS LEARNED
The exercise highlighted many positive aspects of the CNSC response, but also identified areas for improvement.  On a positive note the Technical Assessment Section’s response indicated that it has a clear role and is able to carry out this role with well established procedures.  However, the section was limited in its capability due to the limited plant data available.  As well, with the large number of national and international players, the continuous requests for information showed that the section was undermanned.

IV.A. IAEA and US NRC Interactions
During ExUR, the CNSC Technical Assessment Section established communications with both the IAEA IEC and the US NRC Incident Response Centre.  The goal was to exercise exchange of technical information so that both the IAEA and the US NRC would be cognizant of the accident progression and protective measures that were either being considered, or had been initiated.  This information exchange is vital to both the agency and the commission.

The IAEA not only functions as a conduit for information to the rest of the world, but can provide assistance in the form of an independent diagnostic assessment through either their own technical team or through an Assisting Member State.  This process is formally known as ConvEx-2e.   It should be noted that ExUR was the first ConvEx-2e exercise conducted by the IAEA. 
In the case of the US NRC, the commission is required to make recommendations to state authorities with respect to protective measures and is also responsible for informing the American public of the current situation at the site.

Communications with the US NRC Incident Emergency Centre were established on the second day of ExUR.  The US NRC employed two in-house CANDU nuclear reactor technology experts to facilitate discussions.  Updates were provided to the US NRC on a periodic basis (every 3-4 hours) over the course of days two and three of the exercise.  Although the transfer of information was originally verbal, it became apparent that a standard template of the plant status and meteorological data would be advantageous.  However, an agreed upon template had not been developed prior to the exercise. As such, a summary report originally designed for the Canadian Federal Government was used.  This template, combined with verbal verification, proved adequate but not entirely sufficient.  Information designated to the federal government intentionally does not go into detail on the accident progression and this was precisely what the US NRC was looking for in order to carry out its own assessment. 

As well, the US NRC conducted an independent radiological dispersion calculation using the US NRC dispersion tool, RASCAL.  It should be noted that RASCAL is also employed by the CNSC for dispersion predictions.  Results between the two assessments were carried out and it was discovered that the results varied by a factor of 3.  It was later ascertained (post exercise) that the differences resulted from an interpretation of the input data units (dose rate vs total dose).

Exercise play with the IAEA was limited to three half days due to the time zone differences between Canada and Austria.  Communications with the IAEA’s IEC were initially established through the Unified System for Information Exchange (USIE) on day one.  The IAEA, in accordance with their procedures, then called the CNSC to one, confirm that an accident (or exercise) was underway, and that two, the information contained within the USIE transmission was correct.

Again, as with the US NRC, it soon became apparent that the information contained on the USIE transmission was inadequate for the IAEA to carry out a proper assessment or to employ the services of an Assisting Member State (in this case Romania).  Therefore, additional information was provided to the IAEA in the form of a report that was originally intended for the federal government.  Supplemental information was supplied as requested in order to assist the IAEA in producing a comprehensive assessment.

IV.B. Information Challenges
One of the greatest challenges faced by the TSO was obtaining accurate and timely information from the power plant on the status of equipment and systems.  The present information protocol is based on an hourly fax being sent to the CSNC which contains a select number of plant parameters.  The information transmitted is primarily intended for the Province of Ontario as input for their Emergency Response Projection (ERP) dispersion code.  Where the CSNC requires additional information, a phone connection with the technical director of the licensee’s off-site Corporate Emergency Operations Facility (CEOF) is established.
Although an hourly update is useful in diagnosing the power plants condition, it does not allow for effective trending assessments and limits the section’s ability in conducting a prognosis assessment.  One of the federal government’s key functions is to provide advice and assurance on protective measures and actions that may be necessary 24 to 72 hours outward.  An accurate trending analysis is fundamental in making these projections.
IV.C. Manpower Challenges
ExUR was the first exercise for the CNSC where multiple national and international players participated.  The CNSC is the sole federal agency in Canada with expertise in the behaviour of nuclear reactors, severe accident analysis and Severe Accident Management Guidance (SAMG).  During an emergency, the assessment of the situation and eventual protective measures recommendations stem from the Technical Assessment Section’s work.  The section provides periodic diagnostic and prognostic reports with respect to the accident progression, the potential source term from the reactor core, and the timing and duration of a radioactive release from the containment system.  Multiple external agencies rely on these reports in order to fulfill their mandates.  The reports alone, however, are generally supported through direct telephone communications and require dedicated staff to fulfill this obligation.  With only one Technical Assessment Section staff member assigned to this task, requests for information from the federal family and provincial partners in Canada as well as from the IAEA and the US NRC challenged the section’s ability to respond.  
IV.D. Tools and Venue Challenges
In response to the Fukushima nuclear accident on March 11, 2011, the CNSC initiated many changes to its EOC, including the development and implementation of accident assessment tools.  The tools were developed within the CNSC and are able to provide a functional assessment of the accident. As well, the Technical Assessment Section underwent a fundamental restructuring that led to a formal hierarchy, specific roles for section members, and a detailed reporting process.
Although the tools and processes functioned effectively during previous small scale exercises with limited players, ExUR provided a true stress test to the system.  One particular challenge experienced by the Technical Assessment Section was the requirement to produce multiple reports for the various stakeholders.   Time spent producing the reports and briefing the recipients on technical details resulted in lost time needed to carry out the assessments.   
The CNSC EOC venue underwent a major reconfiguration approximately 10 years ago and reflected the CNSC’s emergency response mandate at that time.  Since Fukushima, the CSNC has become more proactive in understanding and confirming the state of the reactor during an emergency.  The roles and responsibilities of the Technical Assessment Section now reflect this proactive approach and the section has grown appropriately.  During ExUR it became apparent that the present layout of the centre no longer reflects the EOC mandate and needs to be revisited.  Presently the EOC is comprised of many small meeting rooms with one larger room equipped with multiple display screens allocated to the Technical Assessment Section.  Communications between sections is hampered due to the requirement for sections to physically move between rooms to obtain updates.  
V. PATH FORWARD
In response to the lessons learned from ExUR the CNSC has initiated the EOC Improvements Project.  The project is comprised of two distinct, yet inter-related components; EOC Venue Reconfiguration and EOC Tools and Capabilities Enhancement.  
V.A. EOC Venue Reconfiguration
The limitations imposed by the present EOC venue arrangement are being reviewed with the goal of providing a work environment that will allow effective communication and information sharing without the requirement for the production of multiple reports and briefings.  Phase one of the work has included interviews with EOC participants in order to identify where the present arrangement proved challenging and how the venue could be arranged to make the centre more efficient and effective.  In parallel, the project team has visited multiple operations centres within Canada and at various international regulators’ sites including the IRSN and the US NRC.  Feedback from these two tasks will be incorporated into the project teams’ recommendations.
V.B. EOC Tools and Capabilities Enhancement
The Tools and Capabilities Enhancement component of the EOC Improvement Project is comprised of seven specific new or enhanced capabilities.  Central to all the tools will be a direct data link with the NPPs in Canada.  This will permit the technical assessment section to have a clearer understanding of the plant status without the requirement for constant verbal clarification from the NPP site staff.  Along with an ability to trend the reactor’s behaviour, the system can be configured to conduct computations to assess key fission product barrier status and potential failure times.

The codes in use to assess the accident progression and estimate source term projections will be integrated into a seamless process so as to reduce the requirement for manual data transfer between tools.  This will also allow for the development of automated report writing and reduce the manpower spent in writing reports and attending briefings.
Work with the IAEA in the area has been underway for two years through the development of the IAEA’s Response and Assistance Network (RANET) Nuclear Installation Assessment Compatibility guidance.  The guidance outlines what information would be required by an Assisting Member State in order to conduct a diagnosis for a Requesting Member State.  It is expected that the guidance will be officially available in 2015.  Similar templates will be developed and agreed upon with the US NRC.

VI. CONCLUSIONS

ExUR provided a true stress test for Canada’s emergency response plans.  The 3 day national exercise enabled the Canadian Nuclear Safety Commission to evaluate its existing roles, responsibilities, tools and processes in conjunction with over 50 participating agencies including the US NRC and the IAEA. 

The lessons learned from the exercise have resulted in the CSNC EOC Improvements Project.  The project aims to improve the EOC with a reconfiguration of the operations venue as well as modernization of the tools and capabilities of the Technical Assessment Section.

The CNSC is committed to establishing effective means of communicating technical information to our international partners, in particular the US NRC and the IAEA.  Our recent experience with ExUR showed that although we are able to meet the requirements of these agencies, there is much room for improvement.  Improvement can only come with continuous dialogue, exercises in tandem whenever possible, and constantly reviewing lessons learned to update processes and procedures.

� It should be noted that at this time a direct data transfer system is undergoing an internal feasibility review and has not been discussed with the NPP licensee’s in Canada. 









