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Summary 
 

The small modular reactors (SMR) issues identification and ranking program (IIRP) working group (WG) 
was established to focus on early identification of policy, regulatory, and technical issues related to 
Control Room Staffing (CRS).  The larger initiative is in support of future SMR design reviews in advance 
of a design certification document (DCD) or combined license application (COLA) submission.  The 
charter directed the WG to identify issues for the staff to consider in their preparation for SMR-
technology-based applications.  This report presents the issues and their importance as determined by 
the members of the working group.  Any new or modified research activities resulting from the 
recommendations herein will be undertaken through the normal research user need request process. 

The WG members identified issues directly involving or related to control room staffing.  Those issues 
were evaluated, organized into nested sets of master and subordinate issues, and then ranked based on 
priority ranking criteria developed during an initial IIRP on Emergency Preparedness (EP).  Weighting 
factors (WF) were used to emphasize the relative importance of the ranking criteria and are reflected in 
the total point score for each master issue.  Those issues and their descriptions form the core of the 
reporting for the SMR IIRP WG and are enumerated in a ranked table in this report. 

Questions posed by the modular nature of SMRs comprised the majority of concerns raised by the IIRP 
WG.  While other anticipated technological changes such as automated procedures and digital controls 
and displays informed the WG of issues to consider, modularity contributed to the highest-ranked 
issues.  The complexities introduced as the number of modules increases and the need to understand 
those complexities form the core of many of the identified issues.  A specific issue related to modularity 
was identified as “scaling,” and ranks as the number one concern for SMR CRS.  “Scaling” also ranked 
second in areas where the largest knowledge gap exists for the NRC staff and other experts (see Ranking 
Criteria for detailed explanations of the ranking categories).  A separate IIRP WG exists for the general 
issue of modularity which is non-specific to CRS. 

Modularity, for the purpose of this report, is in the context of its effect on control room staffing—what 
applicants and the staff must consider when addressing staffing for a multi-module plant.  10 CFR 
50.54(m) establishes control room staffing levels for the existing fleet of operating nuclear reactors as 
well as for license applications under review.  It is neither sufficient nor appropriate for a multi-module 
plant, primarily because it is self-limiting in scope to three units.  Furthermore, as 10 CFR 50.54(m) 
considers only three units, the efforts in formulating the rule did not fully take into consideration those 
effects possible in a multi-module plant with shared systems, nor did it consider the enabling digital 
controls technology that help make modular plants possible.  Of the two designs for which the NRC 
expects near-term applications, both vendors have indicated that they will request an exemption to 10 
CFR 50.54(m).  Those exemptions will require the NRC to evaluate the fundamental technical basis for 
appropriate staffing levels, roles and responsibilities, shift staffing, etc… used to justify proposed staffing 
levels.  As the prescriptive requirement of 10 CFR 50.54(m) will be exempted, this leaves a huge set of 
possible ways in which appropriate staffing may be satisfied.  Without knowledge of how an applicant 
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may propose to establish safe staffing levels and roles, the staff must do its best to anticipate issues that 
may cut across all proposed solutions and identify where there might be obvious concerns.  Of that set 
of possibilities, the efforts of this working group have been aimed at identifying those issues which can 
be anticipated and addressed as well as communicated to the staff, industry, and the public.  It is 
understood that there may be issues which cannot be anticipated at this time, and that applicant 
proposals may lead to the discovery of additional issues. 

Integration is another issue identified and ranked highly by the WG.  This validates an existing concern 
previously identified by ARP staff working on the CRS issue.  The specific concern, given that the analysis 
laid out in NUREG 0711 Human Factors Engineering Program Review Model will form the technical basis 
for establishing safe staffing levels and roles at SMR plants, is what should bound that analysis? What is 
the full scope of job-, task-, and workload-analysis which must be considered?  These are challenging 
questions to address without the benefit of a design to reference.  Additional factors such as plant siting 
and EP requirements complicate the issue.  Where 10 CFR 50.54(m) dictated set staffing levels for 
reactors of similar size and design, NUREG 0711 and the staff’s application of that guidance must 
address a potentially large and varied set of yet-to-be seen designs.  It is generally agreed by staff at this 
time that NUREG 0711 is the right starting point for addressing CRS requirements, but definitive rules of 
where an analysis is sufficient and complete for SMRs are not clearly established.  Defining the range 
and limits of the application of NUREG 0711 in the context of an exemption request will be critical in 
evaluating staffing plans for SMRs. 

All issues identified by the CRS IIRP WG, including those mentioned above, appear in the enclosed 
tables. The summary ranking table is organized into a heat map to graphically show by color how issues 
ranked in overall importance and relative to each other.  Issues addressing Scaling, Integration, and 
Design Basis ranked the highest with impact on safety, time sensitivity, and licensing.  Eleven issues in 
total were identified, each with a subset of related or example issues.  All issues appearing within the 
tables were deemed critical by the WG regardless of their ranks. 

It is important to note that while the WG made great efforts to identify and conceptualize potential 
issues, two designs gave the WG reasonable bounds within which to work.  B&W mPower, at the time of 
the WG meetings, indicated a design with two modules.  NuScale proposed up to 12 modules in a single 
plant.  The NuScale design was clearly the primary driver of questions of complexity and issues of which 
the staff has not previously dealt. 

The IIRP CRS WG was comprised of an eclectic set of staff who had not previously worked directly on 
ARP’s control room staffing issues.  The group was nonetheless made aware of NRO’s preliminary plans 
for addressing exemption requests to 10 CFR 50.54(m).  That plan, as mentioned above, indicates the 
use of NUREG 0711 for forming justification for the acceptance of proposed staffing levels in exemption 
requests to 10 CFR 50.54(m), with NUREG 1791 Guidance for Addressing Exemption Requests from the 
Nuclear Power Plant Licensed Operator Staffing Requirements Specified in 10 CFR 50.54(m) serving as 
high-level guide to assessing the request.  Informing the WG of the initial proposed solution to the core 
of the CRS issue allowed the group to not only brainstorm potential issues with CRS in SMRs, but to 
straw-man ARP’s near-term strategy. 
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The enclosed charts should be reviewed and evaluated by NRO staff and management to determine 
what might be necessary to address CRS issues in the near-term and what efforts should be made for 
long-term resolution of CRS issues.  
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Acronyms 
 

CRS Control Room Staffing 

IIRP Issue Identification and Ranking Program 

ARP Advanced Reactor Program 

SMR Small Modular Reactor 

EP Emergency Preparedness 

DCD Design Certification Document 

COLA Combined License Application 

WG Working Group 

WF Weighting Factor 

NRO Office of New Reactors 

RES Office of Nuclear Regulatory Research 

iPWR Integrated Pressurized Water Reactor  
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Background 
 

The Advanced Reactor Program (ARP) in the Office of New Reactors (NRO) and the Office of 
Nuclear Regulatory Research (RES) sponsored the issues identification and ranking program 
(IIRP) working group (WG) with a goal to focus on early identification of regulatory issues related to 
control room staffing (CRS) for small modular reactors (SMR) that had not been identified in previous 
ARP review processes. ARP projects organization, using information from RES and other sources, 
performed an initial assessment of potential issues as outlined in SECY-10-0034 – Potential Policy, 
Licensing, and Key Technical Issues for Small Modular Nuclear Reactor Designs.  ARP recognized that it 
was essential that major policy and technical issues were identified early such that the potential impact 
on NRC resources schedules could be evaluated in a timely manner to ensure that no significant 
resource or schedule impact would be present while reviewing and considering approvals of SMR 
applications.  
 
The CRS-IIRP WG membership included staff with a range of expertise and a balance of backgrounds 
from several NRC offices.  The WG was tasked with looking further into SMR CRS areas for issues which 
may not have been previously identified during ARP’s initial review.   
 
The WG members were asked to consider a broad scope, including technical, policy, scheduling and 
resource issues.  The effort by WG members, with the exception of the coordinator from ARP, was 
limited to 16 hours per person.  Half of that time was reserved for two, four-hour meetings.  Once issues 
were identified by the WG and thoroughly discussed, the WG ranked issues within a set of weighted 
categories, the most important being “impact to safety.”   
 
Information about the issues and design information about anticipated applications was made available 
at the kick-off to the effort.  At the first meeting, the coordinator gave a review of the current state of 
the designs for proposed near-term SMRs and insights to problem considerations.  The coordinator also 
fielded questions about the designs.  This set a framework for further brainstorming potential issues.  
Between meetings, WG members further developed their concerns, discussed issues, brainstormed, 
researched, and gave preliminary rankings to identified issues.  The second meeting was reserved for 
coalescing the identified issues, agreeing on the formulation of the issue across the group, finalizing the 
wording of the issues, and finally, ranking the issues. 
 
The WG members were asked to identify issues.  Proposing solutions was not part of the IIRP process or 
the IIRP CRS Charter.  However, members participating in the CRS IIRP gained knowledge and a special 
perspective on the CRS issues identified.  They bring that knowledge and perspective back with them 
and may ultimately serve as champions for those issues within their own organizations. 
 
The output of the WG effort is the set of ranking tables enclosed within this report. 
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The CRS IIRP WG consisted of the following members 
 
Doug Coe  Senior Facilitator  RES/DRA 
John Smith  Coordinator   NRO/ARP/ARB2 
Tamara Powell  Assistant Coordinator  NMSS/FCSS/SPTSD/TSB  
Robert Moody  Member   NSIR/DPR/DDEP/ORLOB 
Amy D’Agostino  Member   RES/DRA/HFRB 
Alysia Bone  Member   RES/DRA/PRAB 
Don Johnson  Member   NSIR/DPR/DDEP/ORLOB/ORLT 
Rachel Vaucher  Member   French Foreign Assignee to RES 

 

Roles 
 
Senior Facilitator  
 

Provides leadership, identifies members, secures resources, and facilitates brainstorming 
sessions. Is not directly involved in issue identification, but facilitates all aspects and ensures the 
proper environment for brainstorming and interaction is maintained.  

 
Coordinator  
 

Works with the Senior Facilitator to identify members and resources.  Coordinates meetings and 
schedules.  Formulates reports.  Provides background information.  Drafts reports and tables.  
Coordinates review of reports.  Coordinates communication between members.  Coordinates 
work products.  Finalizes reporting.  Briefs management on reports.  Provides project 
management.  Represents ARP.  Limited contribution to brainstorming sessions and issue 
identification but provides reference, background, and clarification of information to members. 

 
Assistant Coordinator  
 

Works alongside the coordinator in preparing meetings and reports.  Acts as a regular member 
during meetings. 

 
Members 
 

Members provide the brainpower and the dedicated thought in reviewing background material 
and identifying issues.  Members represent a divers set of expertise and background from 
throughout the agency and occasionally from without the agency.  Members work together 
during meetings to understand and identify issues.  Outside of meetings, members further 
research identified issues and provide inputs for discussion in subsequent meetings.  Members 
validate work product content.  
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Expertise 
 
Backgrounds and experience represented by working group members include: 

• Digital Instrumentation and Controls 

• Nuclear Plant Operations (Senior Reactor Operators License)  

• Operator Training 

• Simulator-Based Training 

• Security 

• Emergency Preparedness 

• Fuel Cycle Facilities 

• Human Factors Research 

• Risk and Reliability Engineering 

• Highly Automated Controls 

• French Regulatory Perspectives 

• Nuclear Plant Maintenance 

 

Schedule 
 

24 Jan 2011 Kickoff meeting between Facilitator and Coordinator 

24 January – 23 February 

• Members identified 

• Members confirmed 

• Meeting dates set 

• SharePoint site built 

• Background information and charter distributed to members 

• Preliminary issues identified 

23 February First meeting – 0830 to 1230 

• Issue overview 

• Design overviews 

• Brainstorming 

23 February – 11 March 

• Research 

• Preliminary Rankings 

11 March Second meeting- 0830 to 1230 
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• Finalize identified issues 

• Rank identified issues 

11 March – 25 March 

• Finalize issue identification descriptions and tables 

• Verify final tables with members 

25 March 2011 Control Room Staffing IIRP Effort Complete 
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Issues Summary 
 

Eleven critical issues were identified by the CRS IIRP WG.  Of those issues, four were identified as having 
a potentially high impact to public health and safety, three having a high impact on licensing, two having 
a long time to resolution, two wanting for resources, and two wanting for more knowledge and research 
in the field.  Details of the issue characteristics appear in the tables. 

Overall, three issues were identified as being highly critical across the spectrum of categories.  Those 
issues are titled Scaling, Integration, and Design Basis.  Multi-Module Human-Systems Interface and 
Mixed Technologies were also issues of considerable ranking, with high impact-to-safety rankings.  The 
remaining six issues should be kept under consideration but may not require the level of action or 
urgency as the top five issues. 

Nearly all issues had one or more cross-cutting aspects that go beyond CRS.   

Conclusions and Recommendations 
 

Understanding the impact of the modular nature of SMRs on the complexities of Control Room Staffing 
is prime importance.  This theme and its concerns branched repeatedly throughout the issues identified 
during this IIRP effort.  Modularity commands its own associated effort and should be a concern for this 
agency now and into the future.  This concern was conveyed in the initial Emergency Preparedness IIRP 
report and is repeated for emphasis here.   

A primary concern for the NRC should be how SMR CRS reviews will be addressed into the future 
without having to make every SMR a special case.  In place of forecasting all possible SMR designs which 
might come in front of the agency, robust guidance on a fully-integrated and systematic planning for 
staffing should be developed, and rulemaking should break the staffing basis away from 10 CFR 
50.54(m).  In the near term, bolstering existing guidance with expedited work outputs from ongoing CRS 
research will help reviewers address staffing exemption requests.  Preparing example evaluations of 
hypothetical SMR staffing plans is a near-term objective which could be met with proper resources and 
planning. 

There are some issues for which long-term resolution will require extensive research and agency 
experience with some SMR CRS exemption requests.  In the near-term, however, decisions must be 
made so that the staff is capable of doing a review without waiting on longer-term research.  Those 
decisions must apply to issues are found at the top of the summary ranking table.  This report presented 
the issues and their importance as determined by the members of the working group.  Any new or 
modified research activities resulting from the recommendations herein will be undertaken through the 
normal research user need request process.   
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Regular communication between the staff and potential applicants must be maintained in order to 
properly prepare for near-term applications.  The CRS IIRP WG identified that there are many concerns 
which cannot be addressed or answered generically in the near term and the answers which must be 
provided by research in the long term require the understanding of the complexities of modularity 
which cover an extensive set of possible modular interactions.  However, with timely information from 
applicants on their approach to staffing, the staff will be in a good position to address those specific 
cases.  Likewise, the staff must communicate to the public decisions on the top issues identified herein 
in order for potential applicants to properly scope and formulate their staffing plans. 

The issues of Scaling, Integration, and Design Basis must be addressed in the near term for a successful 
review of control room staffing exemption requests. 

In addition to addressing these issues, the IIRP coordinators should be brought together to discuss their 
findings and identify where similar concerns and redundancies exist across IIRP efforts.  A full analysis of 
the IIRP reports may elucidate issues which are overarching in unexpected ways.  

 



 

 

 

 

 

 

Issues Tables  
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Ranking Criteria and Weighting 

 
 

 
CRITERIA WEIGHT RANK METRIC 

SAFETY: Impact on public health and safety 

40% 
5 High impact on public health and safety

3 Medium impact on public health and safety

1 Little or no impact on public health and safety
IMPACT ON LICENSING: Impact on schedule 
delays to the SMR applicant due to staff 
review of the license application 

20% 

5 

Prospective license application cannot be initiated. Resolution including adequate 
research is required during the pre-application stage of  the SMR application 

3 

Prospective license application schedule is delayed due to pending resolution. Resolution 
is required before the staff complete the SMR design certification  

1 

Resolution impacts ongoing license application schedule.  Resolution is required prior to 
staff initiating the review of the SMR application 

TIME TO RESOLUTION: Time needed by the 
staff to finalize resolution, which is 
appropriate to address  the review of the 
SMR license application 

20% 

5 Staff requires policy change or rulemaking for resolution

3 Research is concluded prior to staff completing the review of SMR application

1 
Resolution is required before issuing the SMR operating license

RESOURCES NEEDED: Forecast of 
appropriate staff FTE level and contract 
resource needed 

20% 
5 Inadequate FTE

3 Addressed with forecasted FTE and contract support

1 Addressed with existing FTE and contract support
KNOWLEDGE GAP: Difference between the 
expertise needed and the existing expertise 
available, either to the NRC or available 
anywhere. 0% 

5 

Have little to no knowledge; underdeveloped or non-existent field; existing experience 
must be translated to nuclear applications 

3 

Expertise exists and is available to the agency; somewhat developed field; some 
experience exists for nuclear power applications 

1 

Have all expertise  at the agency or national labs; fully developed field; experience 
pertains to nuclear power plants 
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Relatedness 
 
 
 

Title Scale Metric 

Staffing S Issue clearly pertains to Control Room Staffing 
Cross-Cutting X Issue not only pertains to Control Room Staffing, but to other issues as well. 

Other O 
Issue does not pertain to Control Room Staffing, but was identified as an important 
issue that should be addressed by another working group. 

*More than one vote during the ranking session for any criteria in relatedness will result in that criteria scale being shown on the final ranking table.  In the case 
where "Other" was voted for, but "Staffing" or "Cross-Cutting" appear, "Other" is dropped. 
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Summary Rankings
 
 

Overall Rank Issue Heading and Descriptions 

40% 20% 20% 20% 0% 100% Relatedness 

Safety 
Impact on 
Licensing 

Time to 
Resolution 

Resources 
Needed 

Knowledge 
Gap 

Total 

Staffing (S),  
Cross-Cutting 

(X), 
 or Other (O) 

1 D. Scaling 5.00 5.00 5.00 4.00 3.00 4.80 S,X 

2 E: Integration 5.00 5.00 5.00 4.00 1.00 4.80 S,X 

3 K: Design Basis 5.00 4.67 4.00 3.00 1.00 4.33 S,X 

4 B. Multi-Module Human-Systems Interface 
(HSI) 

5.00 4.20 3.00 2.60 2.00 3.96 S,X 

5 J: Mixed Technologies 4.33 3.00 4.00 2.67 3.67 3.67 S,X 

6 I: Completeness of Task, Job, and 
Workload Analyses 

3.67 3.00 3.00 2.67 1.33 3.20 S,X 

7 G: Control Room Design and Crowding 3.67 3.33 2.67 2.33 1.33 3.13 S,X 

8 F: Operator Attentiveness 3.67 3.00 2.33 2.00 1.33 2.93 S 

9 H: SMRs for Non-Electrical Generation 
and Mixed Use 

2.33 2.67 2.67 1.33 1.33 2.27 S,X 

10 A. Reverse Transferability of Staffing 
Determination 

1.00 2.60 1.60 1.00 2.00 1.44 S 

11 C. Research Test Reactors as an Example 
for SMRs 

1.00 1.33 1.67 1.00 1.33 1.20 X 
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Identified Issues and Applied Criteria 
 

Issue Heading and Descriptions 

40% 20% 20% 20% 0% 100% Relatedness

Notes 
Safety

Impact 
on 

Licensing

Time to 
Resolution

Resources 
Needed 

Knowledge 
Gap 

Total 

Staffing (S), 
Cross-

Cutting (X),
 or Other 

(O) 
A. Reverse Transferability of Staffing 
Determination 

1.00 2.60 1.60 1.00 2.00 1.44 S 

 
How does the agency communicate to the 
public and stakeholders our safety findings 
for various control room staffing plans.  For 
example, why may it be acceptable and 
safe to have different control room staffing 
plans for plants of differing design and 
number of modules, but with similar 
cumulative power outputs? 

  

Hypothetically, a two-module plant with a single control room may have the same power output as a 
twelve-module plant, but both plants may require the same number of staff for the control room.  Many 
factors, including automation and plant design, may contribute to the differences and both cases may be 
fully justified and safe.  However, this may give the appearance of a disparate application of NRC 
regulations and different measures of safety.  This may be further highlighted in a hypothetical situation 
where two different plant designs from two different vendors, each with the same number of modules and 
cumulative power output, require different staffing levels. 

 
May operating reactors and newly licensed 
reactors be able to submit an exemption 
request to 10CFR50.54(m) to reduce their 
control room staffing numbers based on the 
task analysis methodology called out in 
NUREG 0711 and which will likely be used 
to justify staffing plans by SMR applicants? 
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How should the agency handle a situation 
where the staffing analysis done for SMR 
exemption requests may show an 
insufficient number of control room 
operators when that methodology is 
applied to an operating plant?  

  

Up until now, task, job, and workload analyses were limited in scope and were used as verification of 
control room design for previously licensed reactors.  The full spectrum of collateral duties, communication 
requirements, etc…, required of an operator was not considered.  The proposed approach for SMRs 
requires a comprehensive analysis of all of the tasks, jobs, and workload which may be required of an 
operator while on the job.  When applied retroactively, it is possible that a full analysis would show either a 
deficiency or a surplus in operators required to be in the control room or on site. 

B. Multi-Module Human-Systems 
Interface (HSI) 

5.00 4.20 3.00 2.60 2.00 3.96 S,X 

 
What is the technical basis for determining 
if something is allowed in HSI in a multi-
module plant?  
 

              

 
How will peer-checking be achieved with 
multiple modules presented on multiple, 
possibly re-configurable, displays and 
controls? 
 

              

C. Research Test Reactors as an 
Example for SMRs 

1.00 1.33 1.67 1.00 1.33 1.20 X 

 
Do the staffing, security, and EP 
requirements for Research Test Reactors 
have applicability to SMRs? 
 

              

D. Scaling 5.00 5.00 5.00 4.00 3.00 4.80 S,X 
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As modules are added to a SMR plant, how 
do an operator's roles, responsibilities, and 
interaction with the control room and other 
teams change? 

  

It is likely that an SMR plant would begin operating with only one module installed, with additional modules 
brought on line as they become available.  This presents a challenge in the concept of operations of the 
plant and the roles of its staff in that a plant may begin with its operators controlling a small number of 
modules and over time reach a stage where they would be controlling many modules.  Each of those 
modules in turn may have many different modes of operation.  Assuming a maximum of 12 modules, 
multiple modes for each module, the growth from one to 12 modules, and the possibility of one module in 
any of those combinations being in a refueling state, it becomes clear that the complexity of the plant state 
is not only great, but that the complexity may evolve over time.  Additionally, as fewer modules would likely 
necessitate fewer operators, the addition of modules brings with it the added complexity of also adding 
operators.  Another unstated, yet implied problem, is one of the growth of complexity as modules are 
added.  It is unlikely that the complexity rise would be linear, but it could be exponential.  It may also be a 
complex curve with inflection points at different numbers of modules.  Essentially, the complexity problems 
are unknown and cannot be discovered without the minimum of a complete design and observation of 
plant staff in a simulated environment. 

 
How would a complete plant staffing 
analysis address the addition of modules 
over time? For a 12-module plant, would 12 
plans be needed, reflecting 12 analyses, 
with a master plan to address any addition 
or subtraction of a module?   
 

              

 
What is the impact of scaling on other 
concerns (EP, EPZ, security, increased 
source term, etc…) 
 

              

 
How this scaling is addressed in a COLA or 
Design Certification? 
 

              

This may well be a direct input to 
the working group for the 
modularity issue. 

 
How is an operator trained to transition 
safely throughout the scaling process 
(starting with one module through a plant's 
growth to 12 modules� while also adding 
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more operators) and the associated 
increase in complexity? 
 
 
What are the non-linearities and effects of 
scaling in an SMR and how might they be 
addressed in a staffing analysis? 
 

              

 
Should the number of modules in a plant in 
similar modes affect staffing?  For instance, 
if 3 of 12 modules are in cold shutdown, 
and one module is in refueling, would a 
plant require a reduced staff compared to 
when all 12 modules are in operation? 

  

  
This issue simply addresses the set of possible states that a battery of modules may be in at any given time 
and how that might impact staffing and the concept of operations within the control room.  An additional 
consideration that was raised, which may play into staffing strategies, is the possibility of having a team 
approach in a staffing concept, where modules grouped by states would be handled by specific teams.  
Many possible solutions may exist, but the core of the issue is that in a multi-module plant, the modules 
will almost certainly be in mixed states at any given time and this must be addressed as a part of the overall 
staffing issue.  The indirect question asked here is that given a full complement of modules (ignoring the 
question of scaling from one module to many), is a variable number of staff appropriate for the varying 
combinations of module states?  If so, how would the criteria be appropriately established? 

 
What margin should exist in a staffing 
plan?  In any analysis there is the 
possibility for error, and a safety margin is 
often added to account for what might have 
been missed. In a multi-module plant would 
that margin remain the same for one 
module operating alone to twelve modules 
operating together, or should that margin 
increase in some fashion with the addition 
of every module? 
 

              

E: Integration 5.00 5.00 5.00 4.00 1.00 4.80 S,X 

 
Is it appropriate to simply modify and 
extend our somewhat prescriptive and 
compartmentalized guidance for existing 
reactors to SMRs, or should we evolve a 
new basis of how we determine safety and 

              

This applies specifically to Control 
Room Staffing but may extend 
generically to all SMR issues for 
which some sort of technical 
analysis is appropriate. 
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licensing in a framework-neutral way that 
relies on a fully-integrated analysis? 
 
 
Should control room staffing determination 
be fully integrated with planning for EP 
teams, fire brigade, administrative duties, 
etc…, as opposed to doing applying a 
separate set of requirements to each? 

  

Given that control room operators interact heavily with other plant and non-plant staff, especially during 
specific situations, it seems that a staffing analysis limited in the traditional application, combined with 
somewhat prescriptive requirements for emergency staffing, could result in an inelegant, less efficient, and 
insufficient staffing plan than that which would be arrived at by doing a complete and integrated analysis 
that reveals true workloads and task loading on control room operators. 

F: Operator Attentiveness 3.67 3.00 2.33 2.00 1.33 2.93 S 

 
Should we assess the potential for 
operators to get tired or bored during 
normal operation of highly-automated 
SMRs with passive safety systems?   

SMR vendors have indicated that under normal plant conditions and even during accident scenarios a 
control room operator will play more of a prolonged monitoring role than a role that requires immediate 
and sustained action.  Combating boredom and disinterest while in a monitoring role over the course of 
hours and days versus minutes may prove to be a realistic challenge.  This new paradigm for nuclear power 
control rooms presents a concern that was not previously addressed as it was not a reality in the nuclear 
industry. 

 
Is there a safety concern for large tempo 
swings for operators of SMRs? 

  

Moving from a hypothetical control room scenario where all modules are in safe and sustained operating 
conditions to a mix of operating conditions and possibly an accident scenario, the operator workload and 
attentiveness may go from a very low sustained baseline to a global maximum.  Have these drastic swings in 
tempo been addressed? Should they be considered in a control room staffing analysis? 

G: Control Room Design and Crowding 3.67 3.33 2.67 2.33 1.33 3.13 S,X 

 
How extensively should the physical control 
room design consider additional staff that 
may come into play during different 
operating and accident scenarios? 
 

  

 
This may include all staff and other personnel that may be in the control room or control room complex at 
any given time, including emergency events and associated personnel.  Design considerations might include 
margins for HVAC systems, for example. 

 
How might IT solutions such as remote 
monitoring stations, automated 
communications, etc… alleviate control 
room crowding, distractions, and improve 

  
 This may be a separate issue best handled under the category of I&C / Cyber Security.  However, as more 
control room automation and monitoring solutions become available to the nuclear industry, the concept 
of Information Technology will play a larger role in the control room.  
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monitoring and communications 
capabilities?  What restrictions might be 
placed on the kinds of solutions which may 
be implemented? 
 
H: SMRs for Non-Electrical Generation 
and Mixed Use 

2.33 2.67 2.67 1.33 1.33 2.27 S,X 

 
What considerations must be made in 
staffing, EP, fire protection, etc… when a 
reactor's power output is used not to 
generate electricity but to supply heat 
directly to a steam distribution system or a 
manufacturing or processing plant? 
 

  

 This is particularly important for designs such as those in NGNP which have been identified as a heat 
source for high-temperature hydrogen production as well as for iPWR SMRs with potential clients in colder 
regions needing a heat source for central steam delivery. 

 
How are operational boundaries set 
between plants?  Should plants linked to or 
co-located with such process plants have 
some sort of programmatic boundary for 
staffing, EP, etc…? Or would a 
technological or combined approach be 
more appropriate?  
 

  

It is important to note that an SMR plant may use some modules to produce electricity via a turbine while 
using others to provide process heat for a manufacturing plant, essentially creating a multi-role nuclear 
power plant.  This further "mix" of uses and technology will require additional consideration for the concept 
of operation in the control room. 

 
What kind of communications, interactions, 
etc… should be established between such 
plants? 
 

              

 
What items in such a scheme would be 
important for safety and should they be 
regulated by the NRC? How might we 
identify those items and assess their safety 
impact? 
 

              

 
Can staffing be safely shared between 
such plants? 
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What is an appropriate way to form a 
boundary between such plants? 
 

              

I: Completeness of Task, Job, and 
Workload Analyses 

3.67 3.00 3.00 2.67 1.33 3.20 S,X 

 
What interactions, tasks, and jobs should 
be captured in task, job, and workload 
analyses that already aren't? For example:  
Turnovers, Construction Staff, Maintenance 
Staff, Refueling teams, Corporate, Load 
dispatchers/Process heat, Fire Brigade, 
Rescue Teams, NRC, Tech Specs, 
Security, etc…) 
 

  

  
For example:  
Turnovers, Construction Staff, Maintenance Staff, Refueling Teams, Corporate, Load Dispatchers/Process 
Heat Plant Operations, Fire Brigade, Rescue Teams, NRC, Tech Specs, Security Teams, etc… 
 
Should the analysis not depend on: 
Plant Design Information, Plant Procedures (Normal, EOP, SAMGs), Severity of Accident, Source Term, 
Frequency, Actual Consequences, Multiple-Module Accidents (Fire, Flood, Loss of Power, Security, Loss of 
I&C, Loss of HIS, Crane Operations, Tech Spec, and FSAR accidents)? 

 
What activities would require an operator to 
leave the control room?  Should those 
activities be considered in our requirements 
for a complete analysis? 
 

              

 
Can our guidance be improved by 
developing and adding a comprehensive 
set of examples to consider during a task, 
job, and workload analysis? 

  
Such examples would provide guidance not only to industry in their control room design and staffing plan 
development, but to NRC reviewers assessing the safety of such designs and plans. 

 
By what method does the staff verify the 
completeness, correctness, and safety of a 
control room staffing analysis performed by 
the applicant?  What tools are available to 
aid in the verification? What can be done to 
improve existing guidance in this regard? 
 

              

J: Mixed Technologies 4.33 3.00 4.00 2.67 3.67 3.67 S,X 
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As SMR modules are manufactured over 
time and added to an SMR plant, the 
resultant battery of modules may not be 
identical from module to module. Imagine a 
scenario where 12 modules with different 
manufacturing dates, outage dates, 
sensors, actuators, software, and upgrades 
operate simultaneously in a single plant.  
What impacts might this have on I&C, HSI, 
etc..., and specifically operator training? 
 

  

 Mixing technology may have a positive impact by increasing plant robustness against common-cause and 
common-mode failures.  However, it also increases the complexity of what a control room operator will 
have to deal with or what the I&C systems will have to control.  This may increase the possibility of single 
failures or software bugs.  Careful attention will have to be paid to the programmatic controls placed on 
even small changes to SMR modules operating in the same plant and by the same control room. 

 
Does the presence of mixed technology 
across modules in a single plant contribute 
to increased complexity and reduced safety 
in the event of an accident or other non-
steady-state scenarios? 
 

              

 
What measure of technology spread is 
appropriate across multiple modules (i.e. 
12 in the case of NuScale) given that any 
mix of them may be operated by a single 
operator? 
 

              

K: Design Basis 5.00 4.67 4.00 3.00 1.00 4.33 S,X 

 
What should be the definitive design basis 
for SMRs and how does that affect control 
room staffing?  Should we not plan for an 
accident scenario where all modules are 
involved?  A comprehensive and safe 
analysis for control room staffing should 
consider all that must be done by an 
operator in a multi-module accident. 
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Is PRA a justifiable way to determine the 
number of modules which must be 
considered in a design-basis accident?  
How can consideration of common-mode 
or common-cause failures be effectively 
incorporated? 
 

              

*Issues appear in the order in which they were identified by the IIRP panel. 
 



 

Lessons Learned for Future IIRP 
 
This was the second IIRP session coordinated by ARP.  The efforts put forward for initial IIRP on Emergency 
Preparedness did much to allow for a relatively smooth and efficient second IIRP for Control Room Staffing.  The 
initial IIRP effort produced documents which could be used in the initial stages of planning and information 
dissemination for this IIRP.  The document repository in SharePoint provided an example of schedules, 
background material, and agendas. 

Some lessons learned during this IIRP effort may be redundant, but are nevertheless important to share. 

• Seven to eight seems to be the optimal range of people for brainstorming sessions.  Sessions went very 
well with this size group. 

• The IIRP Facilitator can be invaluable in leading sessions while not directly contributing to issue 
identification.  In much the same way that an orchestra conductor contributes to a symphony 
performance without a musical instrument, a skilled facilitator can enhance brainstorming and keep the 
IIRP group on track to identifying issues. 

• Two meetings are sufficient, but three meetings would be optimal.  A first, early meeting to explain the 
IIRP, disseminate information, and to review relevant designs would be a vast improvement over 
disseminating this information via email, SharePoint, and phone calls during the initial stages.  
Unfortunately, early identification of members, commitments, and their availabilities will determine 
whether or not three meetings are feasible unless a substantially longer timeframe is available in which 
to complete the IIRP. 

• Four-hour meetings seemed to be sufficient if not optimal.  By the end of four hours, the IIRP team 
seemed to be mentally exhausted.  With full engagement, intense debate, and creative thinking, 
brainstorming sessions take a toll and there may be decreased utility in extending the length of these 
sessions. 

• Keep the members away from paperwork, report writing, and coordination—member are most engaged 
when they are free to think and think without the constraints of process and administrative tasks. 

• Be very clear about the ranking criteria and what it means.  Have the working group agree on what the 
criteria means in advance.  This was a source of confusion and resulted in more effort towards the end 
of the IIRP effort to ensure that issues were properly accounted for. 

• SharePoint is only good when it is accessible.  The CRS IIRP WG had a member who did not have access 
to SharePoint.  Therefore all communication and file sharing was replicated in email.  SharePoint was 
kept up to date for future reference, doubling the administrative effort of communication. 

• Securing commitments can be difficult.  Schedules change.  Even members with commitments may not 
be able to attend pre-arranged meetings. 

• An assistant coordinator makes life much easier and provides a second set of eyes for the coordinator.  
This is a real point of value added. 

Generally, this IIRP effort went well.  A good facilitator provided plenty of horsepower to breathe life into this 
effort.  
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