


Todd Smith, PhD
Senior Level Advisor

U.S. Nuclear Regulatory Commission

Modernizing Emergency 
Planning Regulations



Emergency preparedness 

Radiological emergency preparedness—
  ensures protective actions can and will be taken
  is an independent layer of defense in depth
  provides dose savings
  is risk-informed
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Presentation Notes
At the NRC we’ve modernized our approach to emergency preparedness, but I want to start with what hasn’t changed.

EP still ensures protective actions can and will be taken in an emergency.

EP is the final layer in defense in depth. EP assumes all other barriers of defense in depth have failed and now is the time to act.

EP provides reasonable and feasible dose savings.

And finally, EP is risk-informed. EP deals with all the residual risk of the facility. And I’m going to talk today briefly about our risk-informed framework, and risk-informed protection strategies.
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EP is evolving with the advanced reactor landscape
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But first, what is the driver for change? When we look across the technology landscape we see it rapidly evolving.

This slide shows many of the new technologies that are emerging including small modular reactors, non-light water reactors, and micro reactors. And as you can see there are many unique designs under development.

At first glance, this may seem daunting. How can we address effective EPR arrangements for so many different designs. How will we decide on protective actions. But it’s actually not as challenging as you might think. And the key is to take a graded approach.


 



NRC applies a graded approach to EP

Risk-informed to balance the regulatory burden commensurate to the 
facility risks and hazards

Existing NRC regulations have always used a graded approach to EP
 Power reactors 

 Low-power testing and decommissioning

 Research and test reactors

 Fuel Fabrication Facilities

 Independent Spent Fuel Storage Installations

 Monitored Retrievable Storage
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The graded approach is a risk-informed process wherein the regulatory requirements are set commensurate to the risks and hazards of the facility.

The NRC is well-practiced in applying a graded approach to EP.

For decades, the NRC has licensed many types of facilities, all with different radiological risks and hazards. Some facilities have emergency planning zones, some do not, but they all have effective emergency plans.

So, SMRs and advanced reactors do not represent a significant challenge in licensing, because the risk-informed, graded approach has already been proven to work.




Major provisions of alternative EP regulations

The final rule in 10 CFR 50.160 provides an alternative framework 
for small modular reactors and other new technologies: 
 technology inclusive, performance based

 performance demonstration in drills and exercises  

 regulatory framework proportional to facility risks
 required EP planning activities set commensurate to radiological risk (consequences) 

 hazard analysis for contiguous facilities
 ingestion planning capabilities 
 scalable EPZ according to planning needs
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But we did add some innovation.

Our Commission recently approved a final rule to provide an alternative EP framework for SMRs, NLWRs and ONTs. We describe the rule as being risk-informed, consequence-oriented, technology-inclusive, and performance-based.

Now, let me explain what I mean by all that.

First, when I talk about risk, I don’t mean the risk triplet of what could go wrong, how likely is it, and what are the consequences? What I really mean is radiological risk, or dose. This is why we are risk-informed, and consequence-oriented. In EP space, we’re less concerned with the likelihood of events; what we are concerned with is ensuring that the right capabilities are in place to respond, given that an accident has occurred.

The rule is also technology-inclusive. This can be understood in two ways. First, the rule language was written to apply to any nuclear technology. For example, we do not use terminology like fuel melt because for a molten salt reactor, the fuel may normally be in a molten state. Second, the rule is technology inclusive because it provides flexibility for incorporating different technologies for implementing EP functions.
 
Finally, the rule is performance-based. And this is part of our transformation efforts at the NRC. Current EP regulations are mostly prescriptive. That is, they will require that you classify in 15 minutes, notify in 15 minutes, use certain emergency classification levels. And this approach works; the reason we have prescriptive requirements is because for each type of facility we license, the NRC did the work to examine the spectrum of accidents and developed the scope of the planning efforts needed to address the specific facility hazards. So, the resulting requirements are prescriptive. But in performance-based regulations, licensees have flexibility in how they meet the requirements.

Essentially, what this rule does, is it enables our licensees to make risk-informed judgments on what is needed to develop an effective emergency plan the way the NRC has done in the past.

And the focus is not just on radiological risk. As I’ll discuss, the regulation ensures we give consideration to other risks and hazards.




Performance demonstration in drills and exercises

Response functions demonstrate 
capabilities

Event classification and mitigation 
Protective actions
Communications
Command and control
Staffing and operations
Radiological assessment
Re-entry
Critiques and corrective actions
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So, let’s get into the details. The key point I want to emphasize on performance-based regulation, is capabilities.

Emergency response functions are fairly standard across all hazards and all facility types. Listed here are basic functions needed to implement an effective response in almost any emergency situation. As such, they form the backbone of the performance-based requirements.

Under the rule, these are the functions that licensees will need to demonstrate are maintained and can be adequately implemented. And these will be evaluated through performance metrics proposed by the applicant and approved by the NRC.

One advantage of performance-based EP is that it enables licensees to better manage their resources. For example, under a prescriptive framework, a certain drill may be required quarterly. But what if you are proficient in those skills? Under a performance-based approach licensees have flexibility to adjust their drills and training to focus on areas where measured performance needs improvement.

I think another advantage to performance-based regulation is that it promotes innovation. Licensees will be able to learn from each other and share and adopt best practices.




Planning activities commensurate to technology

Planning activities ensure readiness for all facilities
 Prepare and issue public information during emergencies
 Implement the emergency plan in coordination with the security plan
 Voice and data communications with the NRC
 Identify emergency facilities where effective direction and control can be 

exercised in an emergency
 Site familiarization training for offsite support
 Maintain the emergency plan
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Now, not every part of planning lends itself to performance evaluation, so there are still basic planning elements that are needed to support an effective response. These details are described in the plans and must be complied with like traditional planning requirements.

Here again, though the rule provides flexibility and is not prescriptive in how this must be accomplished.




Additional planning elements for higher risk

Planning ensures communication, coordination, and cooperation with 
offsite response organizations
Additional planning elements for EPZs beyond the site boundary:

 contacts and arrangements
 public protective actions 
 evacuation time estimate within the EPZ
 primary and backup offsite response facilities
 making and communicating dose projections
 periodic public emergency planning information and alert & notification 
 general re-entry plans after an emergency
 drill and exercise programs with offsite response
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Importantly, adequate emergency planning means effective coordination with offsite response organizations. This is always true, regardless of whether an EPZ is needed. 

Consistent with how emergency planning is done across all-hazards, there is always an offsite component of EP and NRC licensees will be required to coordinate with offsites response organizations regardless of the size of the EPZ.

Now, if the EPZ extends beyond the site boundary, the NRC requires additional findings on the state of offsite planning needed to support a predetermined, prompt response. In other words, this is primarily needed as assurance of being able to implement a precautionary response.

But even if there is no EPZ, the regulations require licensees to be prepared to assess conditions offsite and make protective action recommendations as conditions warrant. In other words, a risk-informed response.




Hazard analysis identifies other considerations

Address the impact on emergency plan implementation from: 
 contiguous or nearby facilities and other credible hazards 
 potential impacts of industrial plants, other reactors, transportation systems, 

or combination of factors
 site-specific, credible hazards from other facilities that may require 

additional EP considerations 
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We also recognized that many new nuclear technologies may be co-located with other industrial facilities. Aside from the hazard assessment to inform the planning functions which accounts for accidents initiated by external hazards, there is a requirement to consider the site-specific risks and hazrds from other facilities and the impact it may have on implementing the emergency paln. The purpose of this analysis is to ensure these external hazards do not impede the licensee’s ability to implent the emergency plan.



The EPZ is a planning tool
The EPZ determination considers form and function:
 the area within which public dose is projected to exceed                                

10 mSv TEDE over 96 hours considering:
 accident likelihood 
 source term
 timing of the accident sequence 
 meteorology

 the area within which predetermined, prompt protective measures          
are warranted

Scalable EPZ to support planning needs
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The rule also provides for a scalable emergency planning zone. Now, a scalable emergency planning zone is not a new concept, but there are some concepts I want to make clear.

The first point I want to make about the EPZ is that it is a planning tool. The EPZ is not a design feature and it is not used to demonstrate compliance with safety criteria. As I said at the beginning there is no required amount dose savings or evacuation time. The EPZ is a used to implement protective action strategies. 

When protective action decisions may be complex or time-constrained, it makes sense to have an EPZ. For example, the 16 km EPZ is useful because it facilitiates coordination of effort among different jurisdictions offsite and movement of many people simultaneously. But an EPZ isn’t an automatic part of the planning.

The rule requires an applicant to perform an analysis based on two criteria that address both the form and function of an EPZ. These two criteria address the question, do you need an EPZ and if so, how big?

The first criteria states that an EPZ is the area within which dose is projected to exceed 10 mSv TEDE over 96 hours. This criteria is related to the lower value of our US EPA Protective Action Guides. Importantly, the 10 mSv is not a limit or de facto design criteria. Even under our current regulation it is acceptable to exceed this dose beyond the EPZ boundary. If you can exceed this dose value, then you have to risk-inform the size of your planning zone. And there are additional considerations, like accident likelihood, source term, timing, etc., that can applied to risk-inform the size of the EPZ.

The second criteria deals with the function of an EPZ. I’ve read quite a few EPZ papers and methodologies and many focus on simply sizing the EPZ, but few papers focus on the purpose. An EPZ is not always needed to implement protective actions. And so, this criteria may be demonstrated to be met if, for example, there is sufficient coping time to mitigate an event or initiate protective action as conditions warrant.

So the EPZ determination is a two-part process. Are predetermined prompt protective actions warranted, and if so, what is the size of the EPZ needed to implement those actions? Both criteria must be met to have a defined EPZ. If one or both criteria can be demonstrated not to be met, then no EPZ is needed.




The future of protection strategies is risk-informed

Major strategies for managing risk 

“Risk management is not 
about avoiding risks, but 
about navigating through 
them with wisdom and 
preparedness.”

“Risk Analysis: Fundamental Principles,” Society for Risk Analysis, Herndon, VA, August 2018. https://www.sra.org/risk-analysis-introduction/risk-analysis-fundamental-principles/
https://www.linkedin.com/pulse/navigating-risk-management-wisdom-preparedness-zane-edwards
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Now, before we move on, let’s talk a little more about the philosophy of protection strategies tied this rule.

The advent of new nuclear provides opportunity to refine our approach to protective action strategies. Many potential risk management strategies exist, including precautionary, discursive, and risk-informed approaches.

As a risk-management strategy, precautionary approaches are useful when both the consequences and uncertainty are high. When there is little information to guide decisions, decisionmakers often err on the side of caution. This type of strategy can be useful in the early stage, however, this approach can lead to doing more harm than good if the risks are not properly balanced.

While precautionary actions are based on lack of information, Discursive strategies are useful when we have time to gather data, discuss options, and seek stakeholder feedback. This type of strategy is useful in the recovery stage. An example you’re familiar with is the ICRP co-expertise process.

Contrasting these approaches, a risk-informed strategy makes use of the best available information in a robust, transparent, repeatable process to arrive at a decision.

The safety characteristics of new nuclear technologies provide opportunity to embrace risk-informed protective action strategies. Such strategies are important to realizing the full potential of the NRC’s risk-informed, performance-based regulatory framework and providing for public health and safety through informed decisions on protective actions.

https://www.sra.org/risk-analysis-introduction/risk-analysis-fundamental-principles/
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 Emphasizes capabilities and readiness to respond
 Identification of major exposure pathways for ingestion 
 Identify resources available at all levels of government to sample, 

assess, and implement a quarantine or embargo of food and water 
to prevent ingestion

Ensures ingestion pathway planning is in place
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But no matter the risk management strategy you employ, you need capabilities.

And for ingestion planning, the emphasis again is on capabilities over prescriptive zones.

It makes sense to get away from predefined zones for ingestion planning because we’ve learned more and have advanced more in our capabilities. From a technical basis, the current IPZ assumes a worst case release of radioiodine and ingestion via the cow-milk pathway for radioiodine. This is not likely a major pathway of concern in many parts of the U.S. today, and the speed of information and communication capabilities are such that we can implement quarantines or embargos anywhere they are needed. We do this all the time in the U.S. So the IPZ is not needed because the emphasis is on the capabilities for prevention of ingestion.




Integrated Public Alert and Warning System

Digital Twins

Artificial
Intelligence

Geographic 
Information Systems

Federal capabilities

Technology propels the future of EP
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And finally technology is really going to propel the future of EP. 

I’m very excited to hear what you are all working on to embrace new technologies and apply them to EP. In the U.S. we are enhancing our response technologies across the nation and we’re embracing innovative technologies.

The technology-inclusive framework we developed, provides licensees the ability to adopt state-of-the-art methods for performing required EP functions, and encourages innovation.





Risk-informed performance-based EP regulations 
prepare us for the future

Contact: Todd Smith
todd.smith@nrc.gov
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In closing, the future of nuclear technology may look different, but with risk-informed, performance-based regulation, we’re ready for the future.
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