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1. Background 

The Nuclear Energy Institute (NEI) and the nuclear power industry agree with the NRC staff’s 
recent recommendation to the Commissioners to revise emergency preparedness (EP) regulations 
and guidance for Small Modular Reactor (SMR) facilities.  This white paper was developed by 
the NEI SMR Working Group to support the attainment of that goal by addressing two “broad 
issues” identified in Option 1 of SECY-15-0077, Options for Emergency Preparedness for Small 
Modular Reactors and Other New Technologies: 

 Evaluating the applicability of the planning standards set forth in 10 CFR 50.47 and 
regulations in Appendix E to 10 CFR Part 50. 

 Providing associated guidance documents to support the EP rulemaking. 

The industry believes that the approaches and recommendations discussed herein can 
constructively inform the staff’s deliberations concerning the development of an SMR EP 
framework, and serve as a basis for future public meeting engagement.  A simplified overview of 
an EP Framework for SMRs which depicts how the material in this white paper relates to other 
framework elements is presented in Figure 1.   

The existing EP framework for commercial power reactors is based on the technology of large 
light water reactors (LWRs) that were, for the most part, designed and built prior to 1990 
(sometimes referred to as Generation II designs).  That framework mandates a plume exposure 
pathway Emergency Planning Zone (EPZ) of about 10 miles and an ingestion exposure pathway 
EPZ of about 50 miles around each nuclear power plant facility.1  Other emergency planning 
requirements were also established to support implementation of offsite emergency response 
measures within these EPZs.  

When considering SMRs, the NRC staff has suggested that EP requirements could be scaled to 
be commensurate with the accident source term, fission product release, and associated dose 
characteristics for such designs.2  This approach is feasible because SMR designs have a 
significantly reduced potential for accident-related offsite releases. Therefore, the consequences 
from an accident involving an SMR facility are expected to have a limited impact on public 
health and safety, and thus form the basis for smaller EPZs.  The staff also concluded that all 
existing NRC-licensed nuclear facilities use a dose/distance approach to establish the boundary 
of their EPZ (or other planning area) based on the Environmental Protection Agency (EPA) 
Protective Action Guidelines (PAGs)3, and that a similar technology-neutral dose/distance 
rationale would be appropriate for SMR facilities.  

In a previous submittal to the staff, NEI provided a proposed dose/distance-based rationale for 
developing a variable-distance (also referred to as scalable) plume exposure pathway EPZ 
                                                           
1 NUREG-0396, Planning Basis for the Development of State and Local Government Radiological Emergency 
Response Plans in Support of Light Water Nuclear Power Plants, (December 1978) 
2 SECY-11-0152, Development of an Emergency Planning and Preparedness Framework for Small Modular 
Reactors, (October 28, 2011) 
3 EPA 400-R-92-001, Manual of Protective Action Guides and Protective Actions for Nuclear Incidents.   
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applicable to one type of SMR, the light water, integral pressurized water reactor (iPWR).4  The 
material in this white paper complements the NEI SMR EPZ white paper by identifying 
proposed new regulations and changes to existing guidance that would create scalable EP 
requirements within SMR EPZs.  The proposed new regulations would include a 10 CFR § 
50.XXX, Emergency plans for small modular reactor facilities, and a 10 CFR 50, Appendix 
TBD, Emergency Planning and Preparedness for Small Modular Reactor Facilities.  The 
industry’s approach maintains consistency with the safety philosophy applied to large LWRs, 
i.e., a framework that is technology-neutral, dose-based and consequence-oriented.  It also 
reflects the suitability of many current EP-related requirements to SMR facilities and results in 
one set of regulations that can be applied to all potential EPZ sizes.   

Implementing guidance for the proposed new regulations would also need to be developed. This 
could be accomplished by updating an existing guidance document or creating a new one.  The 
industry would like to engage the staff on this topic to help determine the best path forward for 
each guidance area. 

2. Applicability to Various SMR Designs 

In SECY-11-0152, Development of an Emergency Planning and Preparedness Framework for 
Small Modular Reactors, the staff stated that the development of an EP framework for SMR 
facilities should take into account the various SMR technologies (i.e., be technology-neutral).  
The staff identified three primary technology groups that represent the anticipated future SMR 
work for the NRC: high temperature gas-cooled reactors, iPWRs and sodium-cooled fast 
reactors. The industry’s proposed approach to SMR EP regulations and guidance is technology-
neutral and could be readily applied to all SMR technologies.   

The industry proposes that EP requirements be scalable and commensurate with the size of a 
facility’s plume exposure pathway EPZ, which will be established by a technical basis developed 
in accordance with a staff-approved methodology and which considers potential accident source 
terms, fission product releases, and associated dose characteristics.  An SMR facility would be 
subject to the scalable EP requirements if the applicant can provide an adequate technical basis 
for a plume exposure pathway EPZ radius of less than 10 miles.5  The applicant’s proposed 
technical basis would need to be approved by the NRC before the scalable EP requirements 
could be implemented. 
 

   

 

 
                   

4 NEI White Paper, Proposed Methodology and Criteria for Establishing the Technical Basis for Small Modular 
Reactor Emergency Planning Zone, dated December 23, 2013 
5 Such a technical basis could entail a site-specific methodology or submittal of information necessary to 
demonstrate compliance with a generic technical basis. Either approach would address the accident analyses that 
support the technical basis, including accident identification, source term, fission-product release, and dose 
characteristics.     

SMR Design 
Certification 
and Related 

Vendor Topical 

Facility COL 
Application with 

Site-Specific 
Information 

NRC Approves 
COL with Basis 
for a < 10-mile 

EPZ 

SMR Facility 
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It is recommended that regulations or guidance documents other than those associated with 
emergency preparedness specify the criteria for determining if a reactor design is considered to 
be an SMR technology for licensing purposes.  This approach is reflected in the proposed 
regulation wording shown in the attachments. 

3. Assumptions and Considerations  

The proposed regulation and guidance changes were developed with the following assumptions 
and considerations in mind: 

 For a given SMR facility, the technology design and site-specific characteristics can 
justify a reduction in the size of the plume exposure pathway EPZ and, by doing so, 
support application of scalable EP requirements. 6  These anticipated characteristics will 
need to be confirmed as part of the design certification and facility licensing processes.  
The EP regulations proposed by the industry would require that the boundary of a plume 
exposure pathway EPZ for an SMR facility be determined using a dose/distance approach 
based on appropriate protective action guidelines established by Federal agencies, and 
that considers the consequences from a spectrum of accidents.  

 Each SMR facility must have a plume exposure pathway EPZ; however, the size of the 
zone would be scalable and determined in accordance with a staff-approved 
methodology.  It is expected that the EPZ boundary distance will be less than the 10 
miles currently required for large LWRs, potentially down to the site boundary.  
Therefore, the plume exposure pathway EPZ for an SMR facility may or may not include 
offsite areas.  Offsite EP requirements with scalable aspects would applicable from the 
boundary of the Owner Controlled Area out to the boundary of the facility’s plume 
exposure pathway EPZ.  This means that some requirements would be contingent upon 
whether or not the plume exposure pathway EPZ includes any offsite areas (e.g., the 
requirement for an Emergency Operations Facility).  

 An SMR facility with a plume exposure pathway EPZ beyond the site boundary (i.e., 
encompassing offsite areas) must have an ingestion exposure pathway EPZ; however, the 
size of that zone would be scalable and determined in accordance with a staff-approved 
methodology.  For example, if an applicant provides an acceptable technical basis for a 2-
mile plume exposure pathway EPZ, it is expected that the boundary distance for the 
ingestion exposure pathway EPZ will be less than the 50 miles currently required for 
large LWRs.  An ingestion exposure pathway EPZ would not be required for a facility 
that has justified a plume exposure pathway EPZ that aligns with the site boundary. 

 Within the context of SMR facility licensing, EP-related regulations and guidance should 
clearly differentiate between requirements associated with an offsite radiological 
emergency response plan, and those for a State or local emergency operations plan (also 
referred to as comprehensive emergency management plan or all-hazards plan).    

                                                           
6 As noted above, an applicant would need to provide a technical basis sufficient to justify a reduction in the size of 
the plume exposure pathway EPZ.   
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 An SMR EP framework must continue to reflect the important role EP plays in providing 
defense-in-depth for the protection of public health and safety.  A framework with 
scalable EP requirements would maintain adequate defense-in-depth considering the 
enhanced safety and protection features inherent in SMR designs.  Although a detailed 
discussion of defense-in-depth for SMRs is beyond the scope of this paper, the key idea is 
that a smaller reactor core fission product inventory coupled with increases in the 
capability to prevent, control and mitigate accidents, including severe accidents, 
significantly reduces potential offsite accident consequences and necessitates offsite 
emergency planning requirements that are commensurate with these reduced 
consequences.  As is the case for existing large LWR EPZs, the emergency plan for an 
SMR facility EPZ would provide a substantial base for expanding emergency response 
actions beyond the established EPZ boundary if needed. 

 An SMR facility licensee should maintain an onsite emergency plan with capabilities that 
are functionally equivalent to those in place at currently operating plants.  Such 
capabilities include timely emergency classification and notification to offsite authorities 
(using the existing 15-minute criterion for both), an onsite Technical Support Center 
(TSC) and Operational Support Center (OSC), and a method for projection of onsite and 
offsite doses from a radiological release.           

4. Recommended Regulation and Guidance Changes 

Attachments 1 through 8 of this white paper provide a listing of the recommended regulation and 
guidance changes identified by the industry. 

5. Related Topics 

The staff and industry have identified several additional topics that would need to be addressed 
during the development of an SMR EP framework; these topics are discussed below. 

Modularity: It is anticipated that SMR facility designs will preclude credible accident sequences 
having the potential to cause significant offsite releases from more than one module.7  In the 
extremely unlikely event that an SMR facility experiences a beyond-design-basis (BDB) 
accident or event affecting multiple modules, the operator will have the capability to implement 
strategies and guidelines for maintaining or restoring the core cooling, containment, and spent 
fuel pool cooling safety functions for all onsite modules (as appropriate to the specific facility 
design).  This capability could be employed in response to a natural event, such as flooding or 
seismic activity, or a security-related event.  Additional strategies and guidelines will be 
available to manage the consequences of a postulated severe accident (i.e., one involving fuel 
damage).8  

SMR facilities will also maintain the capability to perform multi-source dose assessment (i.e., 
assess a release from all onsite reactor core and spent fuel pool sources), and equipment to 
                                                           
7 Applicants seeking design certification for an SMR will address the multi-module risk criteria discussed in 
NUREG-0800, Chapter 19. 
8 These BDB event response capabilities will be required by the Mitigation of Beyond Design Basis Events Rule 
currently anticipated to become effective in 2017; see SECY-15-0065. 
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enable onsite and offsite communications during an event involving a loss of all onsite AC 
electric power and damage to the local area infrastructure.9     

The topic of modularity was considered during the development of the proposed EP planning 
standards, and emergency planning and preparedness requirements, listed in the attachments.  
Similar to the approach used for the current operating fleet of power reactors, the proposed EP 
regulations could be applied to any site independent of the number of on-site modules (e.g., a 
single module or a “12-pack” of modules), and should support a finding that there is reasonable 
assurance that adequate protective measures can and will be taken in the event of a radiological 
emergency.  The topic of modularity will require a separate assessment in the context of defining 
a methodology for developing a technical basis for an SMR facility EPZ, a topic beyond the 
scope of this white paper.         

Co-location with other industrial facilities: Some SMRs may be co-located with industrial 
facilities (e.g., supporting operation of a desalination plant).  The emergency plan for a co-
located SMR facility would need to address response coordination with the associated industrial 
facility, including an assessment of potential inter-facility impacts.  In these cases, it will be 
incumbent upon the applicant to clearly define the boundary between the “nuclear facility,” 
which will be under the regulatory jurisdiction of the NRC, and the interface points with the end-
user “industrial facility.”  The emergency plan should also discuss jurisdictional response 
boundaries related to Federal, State, local and tribal agencies. 

This version of the industry’s proposed EP regulations and guidance does not explicitly address 
co-location requirements.  A recommended approach will be proposed following future 
engagement with the staff on this topic. 

Reliance upon an Offsite Emergency Operations Plan: In SECY-11-0152, the staff suggests that 
the NRC could issue a license condition for a facility that has justified a plume exposure pathway 
EPZ at the site boundary which would “require the licensee to ensure that a certified offsite all-
hazards plan exists.”  The commonly-used term for such a plan is “emergency operations plan” 
and, as stated in the SECY, such plans do provide a “basic framework for responding to a wide 
variety of disasters.”  The industry expects to have a dialogue with the staff regarding this type of 
license condition followed by submittal of a recommended approach. 

Ingestion Exposure Pathway EPZ: 

The EP regulations proposed by the industry would require that the boundary of the ingestion 
exposure pathway EPZ for an SMR facility be determined using a dose/distance approach based 
on appropriate protective action guidelines established by Federal agencies, and that considers 
the consequences from a spectrum of accidents.  Again, the industry would like to discuss this 
topic with the staff prior to submitting recommended criteria and associated implementing 
guidance.   

                                                           
9 Id. 
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6. Future Steps for Developing an SMR EP Framework 

It is currently anticipated that the NRC staff will receive the first application associated with an 
SMR facility in early 2016.  The applicant is expected to seek an Early Site Permit (ESP). In 
support of its request, the applicant will likely include two proposed emergency plans for staff 
review – one with a plume exposure pathway EPZ boundary at 2 miles and the other with a 
plume exposure pathway EPZ encompassing only the Owner Controlled Area (i.e., a site-
boundary EPZ).  The applicant is working closely with NEI to ensure alignment between its 
exemption requests and this white paper.  As noted in SECY-15-0077, the ESP application will 
likely request exemptions from current EP requirements, since a rulemaking would not be 
completed prior to the anticipated submission date.    

In addition to the ESP application, it is expected that the first vendor application for certification 
of an SMR design will be submitted in late 2016 and followed by the first Combined License 
Application (COLA) for an SMR facility in late 2017. 

Below are some key actions necessary for establishing an EP framework that would support a 
stable, clear and predictable licensing process for SMR facilities.  The industry would like to 
discuss these actions in a public meeting(s), and advocate a path forward and schedule for their 
completion. 

A. Establish a timeframe for an SMR EP rulemaking package to address regulation and 
guidance changes.  Some of these discussions should include representatives from other 
Federal agencies (e.g., the Federal Emergency Management Agency). 

   
B. The NRC staff should provide their assessment of the NEI White Paper, Proposed 

Methodology and Criteria for Establishing the Technical Basis for Small Modular 
Reactor Emergency Planning Zone, which was submitted in December of 2013, and for 
which responses to NRC questions were provided in November of 2014.  NRC feedback 
on the reasonableness of the proposed approach is needed in 2015 in order to support 
development of SMR applications and specific calculation methodologies. 

  
C. Revise the guidance in NUREG-0654, Supplement 3, Criteria for Preparation and 

Evaluation of Radiological Emergency Response Plans and Preparedness in Support of 
Nuclear Power Plants - Guidance for Protective Action Strategies, to make it generically 
applicable to nuclear power facilities with a plume exposure pathway EPZ boundary less 
than 10 miles from the reactor. 
 

D. Create Emergency Action Level (EAL) development guidance for SMR facilities; it is 
expected that initial work will address EALs for iPWR facilities.  
 

E. Create guidance for the staffing of an Emergency Response Organization (ERO) for an 
SMR facility (both on-shift and augmented); it is expected that initial work will address 
ERO staffing for iPWR facilities. 
 

F. The industry will submit recommended approaches for addressing Co-location with Other 
Industrial Facilities, Reliance upon an Offsite Emergency Operations Plan and the 
Ingestion Exposure Pathway EPZ.
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