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        Main control room abandonment (MCRA) due to 

fire is complex to model in probabilistic risk assessment 

(PRA) because there are a wide range of fire scenarios 

and, typically, operator actions are taken at multiple 

locations throughout the plant.  While the US Nuclear 

Regulatory Commission’s Office of Nuclear Regulatory 

Research (NRC-RES) and the Electric Power Research 

Institute (EPRI) collaboratively published fire human 

reliability analysis (HRA) guidance in 2012 (see EPRI 

1023001/NUREG-1921), it was recognized that MCRA 

scenarios would require additional HRA research.  In 

2015, a second joint EPRI/NRC-RES fire HRA project 

was initiated to develop HRA methods and guidance for 

MCRA scenarios due to either loss of habitability or loss 

of control.   

 

 During the course of this development, the joint 

EPRI/NRC-RES team recognized that “command and 

control” (C&C) in MCRA scenarios is a unique 

contextual influence. Initially, the team has developed 

qualitative explanations for the difference between C&C 

in the MCR versus that following MCRA, building upon 

explanatory models from psychology and military 

perspectives.  In addition, reviews by the team of actual 

events (including those that did not involve MCRA) 

provide insights on C&C breakdowns. 

 

 

I. INTRODUCTION 

 

Main control room abandonment (MCRA) is 

analyzed as a special case of fire human reliability 

analysis (HRA). While NUREG-1921/EPRI 1023001 - 

EPRI/NRC-RES Fire Human Reliability Analysis 

Guidelines
1
 briefly addresses abandonment, additional 

guidance and inputs are needed to properly address the 

unique context of MCRA scenarios. 

EPRI and NRC-RES are jointly developing new 

guidance for HRA/PRA treatment of MCRA scenarios, 

building upon the previous guidance provided in 

NUREG-1921.  This new guidance will address all seven 

steps in the fire HRA process given in NUREG-1921, as 

well as a variety of additional topics that are important to 

the context of MCRA. Currently, the joint EPRI/NRC-

RES team is focusing on the development of qualitative 

HRA guidance. 

 

Examples of topics addressed in the new qualitative 

HRA guidance are: 1) PRA modeling guidance for 

defining MCRA scenarios, 2) the decision to abandon the 

control room, 3) feasibility assessment specific to MCRA, 

4) how to develop timelines and timing information for 

MCRA scenarios, and 5) MCRA-specific interpretations 

of performance shaping factors (PSFs). 

 

One issue of particular importance that has emerged 

is "command and control" (C&C). The reason why C&C 

is important is that it can be intricately connected to many 

of the evaluations that HRA analyst must make (e.g., is 

this MCRA strategy feasible? what are the important 

PSFs for this MCRA scenario?). 

 

This paper explores some aspects of C&C for MCRA 

scenarios, including the definition of C&C for nuclear 

power plants (NPPs), what is critically different about 

MCRA scenarios (versus other fire scenarios), and 

proposed psychological models for C&C in these 

contexts. It should be noted that research is ongoing for 

this topic for the context of MCRA. 

 



II. WHAT IS DIFFERENT ABOUT MCRA 

SCENARIOS? 

 

The contexts associated with MCRA scenarios are 

unique for many reasons, including: 

 Being prepared to abandon the main control 

room (MCR) is a regulatory requirement in 

the U.S. However, this requirement 

addresses not only fire events, but other 

potential events (e.g., toxic gas intrusion) 

that could make the MCR uninhabitable. 

 Events that require MCRA are rare, even 

compared to other events modeled by 

HRA/PRA.  Consequently, there is limited 

"realistic" information on how such 

scenarios would unfold operationally (e.g., 

little or no training on many aspects of 

MCRA scenarios). 

 Typically, the decision to abandon is found 

in a unique procedure, likely to be separate 

from the fire response procedures.  

Similarly, the shutdown strategy for MCRA 

is likely to be in yet a different procedure.  

Neither of these procedures are subject to 

the requirements for procedure content, 

format, and so forth that are required for 

emergency operating procedures (EOPs). 

 Procedures for safe shutdown following 

MCRA usually only represent one way to 

reach success (e.g., no "response not 

obtained" columns).  As a result, there are 

no "decisions" to make (e.g., start up an 

alternate system or train, transition to a 

different procedure), as in EOPs. 

 Unlike the MCR (which has been almost 

standardized in the U.S. due to design 

upgrades following the Three Mile Island-2 

event), remote shutdown panels (RSPDs) 

vary greatly in design from one plant to 

another.  In particular, the capability of the 

RSPD (both system controls and 

indications) can vary greatly from one NPP 

to another, resulting in different shutdown 

strategies following MCRA.  Also, the 

ergonomic design of RSDPs is unlikely to 

be equivalent to that for MCRs.  

 When operators are in the MCR, the 

operating crew's decision-making, 

communications, and actions can be treated 

as a single entity (as many current HRA 

methods do). Because the capability of the 

RSPD is almost always less than that of the 

MCR, operator actions will be needed in 

multiple locations throughout the plant.  

With this distribution of operators in MCRA 

scenarios, various aspects of the operating 

"team" change, such as: 

o communications are no longer face-

to-face (e.g., they are now via 

radio), and are likely to take longer 

and/or result in miscommunications  

o different operators may be working 

off of different procedure 

attachments, so there is no longer a 

common understanding of plant 

conditions and plant state 

o plant operators may have less 

"backup" from other operators (as 

well as from the Shift Technical 

Advisor (STA)), for both decisions 

and actions, since most operators 

will be working alone at different 

plant panels and equipment 

locations  

 

The implications of these differences between 

MCRA scenarios and those scenarios typically modeled 

by HRA/PRA are further examined below.  First, 

however, the topic of command and control is discussed 

immediately below. 

 

III. WHAT IS COMMAND AND CONTROL? 

 

The term "command and control" arose relatively 

early on in the development of HRA guidance for MCRA, 

principally from interviews of operators and operator 

trainers.  Once introduced, this term has evolved to 

become one of the key aspects of a realistic HRA 

treatment of MCRA scenarios.  However, the term is not 

explicitly discussed in any existing HRA approaches or 

quantification tools.  Consequently, understanding what 

"command and control" is and how it is important to 

MCRA scenarios is an important research area for the 

joint EPRI/NRC-RES HRA project. How this research is 

being conducted and results to-date are presented in the 

subsections below.   

 

III.A. Approach for Understanding "Command and 

Control" 

 

The authors have performed the following activities 

in order to develop an understanding of command and 

control: 

 interviews of NRC staff - former operators, 

operator trainers, and inspectors - who are 

familiar with MCRA strategies 

 reviews of psychological literature 

 reviews of relevant operational experience  

 comparisons and contrasts with how the 

operating crew works in the MCR 

 



This research is ongoing as the authors complete the 

documentation of qualitative analysis HRA guidance and 

begin developing HRA quantification guidance for 

MCRA scenarios.  

 

While the principal goal of this research is to support 

the development of HRA guidance for MCRA, the 

authors expect to produce some useful byproducts that 

can benefit HRA/PRA in other contexts.  One of the most 

important of these byproducts is a better understanding of 

command and control in the MCR.  The authors have 

discovered that there is little (if any) prior research in this 

area for NPP applications.  Also, while existing HRA 

methods seem to rely heavily on the control room crew 

working as a closely-knit team, the key elements of this 

relationship (that might, for example, be expressed as 

PSFs) are not explicitly represented.  Of course, when the 

key elements of what comprise command and control in 

the MCR (especially those that result in highly reliable 

performance) are understood, then command and control 

in other contexts where operators have different roles and 

interactions, such as MCRA scenarios, can be addressed 

appropriately.  

 

III.B. Historical Origins of "Command and Control" 

 

"Command and control" is a term that has evolved 

from military applications (see, for example, Reference 2) 

to common usage in systems where there is need for a 

central body of authority to make decisions but have them 

carried out by a distributed group.   

 

Figure 1 illustrates what is meant by "command and 

control" in the military perspective.  The figure shows 

that the commander is the central actor whose 

responsibility it is to "assess the situation, make decisions, 

direct action and continuously assess whether operators 

are being successful. To implement their decision, 

commanders direct coordinated actions by their forces 

that together accomplish the mission."
2
  

 

Another military-based definition of "command and 

control" from Stanton, et al.
3
 identifies three key features: 

1. There is "a common overall goal." 

2. "There is a need to coordinate activity." 

3. Because "...individuals are often dispersed 

geographically, there is a need to 

communicate and share 'views' on the 

situation." 

 

These key features of C&C map well, at least at a 

high level, to the context of NPP operations. The next 

subsection further develops a definition for C&C for NPP 

applications.  

 

 

 
 

Fig. 1. Military representation of Command and Control.
2 

 

III.C. Relevant Psychological Models for NPP 

Applications 

 

The authors performed a psychological literature 

review in order to identify any relevant models that might 

shed light on how C&C is represented within NPP 

operations. General reviews and NPP-specific reviews 

were performed, coupled with insights from interviews of 

NRC staff with NPP operational experience and personal 

communications with various experts in psychology, 

behavioral and cognitive science, and related fields.   

 

At present, the authors have not found any model or 

explanation that is directly relevant to C&C in MCRA 

scenarios. Consequently, the authors have focused on the 

literature, principally, for human information processing 

models, that appears to be capable of expansion to be 

useful addressing C&C explicitly. Examples of NPP-

relevant literature used in this research are: 

 Kleins' models of macrocognition
4,5 

and 

sensemaking
6
 

 NRC's Cognitive Basis for Human 

Reliability Analysis, NUREG-2114 (Ref. 7) 

 Roth's characterization of contextual factors 

for HRA in NPP applications
8
 

 Salas' work on teamwork activities
9
 

 

To summarize the key points from this collective set 

of literature: 

 Macrocognition refers to the process in real-

world settings by which individuals and 



teams detect situations, make sense of those 

situations, and formulate response plans. 

 NUREG-2114 assumes that cognitive tasks 

are achieved through five macrocognitive 

functions: 1) detecting and noticing, 2) 

understanding and sensemaking, 3) 

decision-making, 4) action, and 5) teamwork 

(e.g., communicating, coordinating). 

 Roth et al. notes, while referencing Salas et 

al., that "[c]ommunicating and coordinating 

and other related teamwork activities, 

including supervising/directing personnel, 

are also central, macrocognitive functions." 

 

Figure 2 visually summarizes the macrocognitive 

activities per Roth et al., especially showing where the 

teamwork activities of communicating and coordinating 

play a role. Otherwise, this figure shows the overall team 

as functional as a single entity. 

 

  

 
 

Fig. 2. A simplified model of macrocognition (based on 

Red. 8). 

 

III.D. Definition of C&C in NPP Settings 

 

Using Figure 2, the authors note that, for operations 

in the MCR, the various macrocognitive functions and 

activities typically are assigned to different members of 

the operating crew.  For example: 

 The Shift Supervisor (SS) has much of the 

macrocognitive responsibilities. 

 The reactor operators (ROs) aid the SS in 

monitoring and detecting functions, and 

implement actions. 

 The Shift Technical Advisor (STA) 

supports the SS in assessing the situation 

and adding knowledge. 

 Communications within the crew are face-

to-face and not subject to many 

interruptions (because the STA and 

potentially extra staff in the MCR assist 

with communications outside the MCR, 

such as notification calls to NRC, updates 

from the fire brigade, etc.). 

 Another benefit of the co-location of 

operating crew in the MCR is that they all 

have access to the same information (e.g., 

indications on alarm panels and MCR 

boards) and, in most cases, are working on 

the same procedure steps (i.e., 

communication and actions are 

coordinated).  As a result, there is a level of 

redundancy provided to all crew members 

and associated macrocognitive functions. 

 

As a result, the authors have adopted a working 

definition of C&C for NPP operational settings.  Namely, 

C&C is a set of processes, following an initiating event, 

that ensure: 

 a coherent understanding of the plant state is 

maintained among the team members 

 timely decision-making is made to support 

responses needed to maintain plant safety 

 resources are allocated, as needed, to ensure 

safety  

 team performance is maintained and is 

coherent between team members and across 

multiple tasks 

 communications between team members are 

managed to be timely and effective.   

 

IV. HOW TO REFLECT DIFFERENCES IN C&C 

FOR MCRA SCENARIOS  

 

Transitioning from in-MCR operations to MCRA 

scenarios, the authors recognized that some of the most 

important differences between the two contexts is how 

communications and coordination are performed. Three 

types of developments regarding these differences are 

summarized below.  

 

IV.A. Expanded Feasibility Assessment Criteria for 

MCRA Scenarios 

 

Chapter 4 of NUREG-1921 (Ref. 1) provides 

guidance for performing a feasibility assessment for fire 

HRA.  This guidance is intended to assist HRA analysts 

in making "go/no-go" decisions about including potential 

human failure events (HFEs) in the fire PRA.  The 

following are the feasibility assessment criteria provided 

in NUREG-1921: 

 



 sufficient time 

 sufficient manpower 

 primary cues available/sufficient 

 proceduralized and trained actions 

 accessible location 

 equipment and tools available and accessible 

 relevant components operable 

 

The authors expect to publish qualitative HRA 

guidance for MCRA scenarios in 2017.  In recognition of 

the importance of teamwork activities such as 

communications and coordination, the new HRA 

guidance for MCRA scenarios includes two new 

feasibility assessment criteria: 

1. a communications plan, and 

2. a plan for command and control (including 

coordination of activities). 

 

IV.B. Representing C&C Activities in MCRA 

Scenarios 

  

In order to assist the transition to developing HRA 

quantification guidance for MCRA scenarios, the authors 

used relevant literature to develop ways to represent and 

explain how C&C "works" in MCRA scenarios. 

 

First, the authors took a closer look at available 

literature on communications (e.g., Moray's discussion of 

the style and content of communications
10

). The key 

features of Moray's discussion, translated for MCR 

operations in NPPs, are: 

 The SS interacts with the ROs. 

 ROs look at plant indications via MCR 

control panels, and take actions via controls. 

 The plant behavior is shown via indications 

and alarms. 

 The SS also can look at the panels and 

indications him/herself. 

 

Working with the ROs, the SS has a variety of types 

of interactions which Moray identifies as: 

 requesting data 

 commanding actions 

 requesting confirmations 

 

Similarly, the ROs have two types of interactions: 

1. telling data, and 

2. providing confirmations. 

 

Traditionally, when the operating crew is in the 

MCR, all of these interactions are direct (e.g., 

communication is face-to-face).  Using Moray's concepts, 

Figure 3 illustrates how these various interactions occur in 

the MCR. 

 

 
 

Fig. 3. Communication paths and content for normal 

MRC operations (after Moray
10

). 

 

Figure 4 is the parallel figure showing how 

interactions occur in MCRA scenarios.  Key features of 

Figure 4 (that are either implicitly or explicitly shown) 

are: 

 The SS is located at the RSDP. 

 Most operators (both ROs and field 

operators) are located at various local 

control stations throughout the plant. 

 Communication between the SS and 

operators is via communication systems 

(e.g., radios, telephones) rather than face-to-

face. 

 Depending on the capability of the RSDP, 

the SS may have the ability to directly see 

plant indications.  However, it is likely that 

some indications needed for safe shutdown 

will need to be communicated indirectly 

(i.e., local operators report to the SS via 

communication systems).  

 

Note that, for simplicity, only two ROs are shown in 

Figure 4 when, in reality, there are likely to be more than 

two operators requiring communication with the SS.  Also 

not explicitly shown is that the SS may be solely 

responsible for communications with the NRC, the fire 

brigade, etc., depending on where the STA is assigned.  

 

 

 

 

 

 



 
 

Fig. 4. Communication paths and content for MCRA 

operations (after Moray
10

). 

 

IV.C. Representing C&C Activities in MCRA 

Scenarios 

  

The discussion in the previous subsection indicates 

that each plant has a unique C&C "structure" while in the 

MCR, then a different structure while outside the MCR. 

Understanding the C&C structure in MCRA scenarios 

(and how it’s different from that when in the MCR) is the 

key to understanding the impact on reliability.  

 

The C&C structure can be defined by: 

 identifying the operator(s)/staff who are 

leading the response, as well as each 

person's role and responsibilities following 

MCRA 

 identifying where the operator(s)/staff 

leading the response will be located once 

outside the MCR 

 evaluating how communications are 

expected to be performed: 

o Physical process (e.g., use of 

radios or sound-powered phones) 

o Protocol (e.g., three-way 

communication, required reporting 

to SS after each task is performed) 

 identifying how procedures will be used by 

the SS and by the operators at local stations 

(e.g., do field operators have their own 

procedure or must they wait for direction by 

the SS?) 

 identifying how many operators and other 

staff will require interaction and 

communication (including plant staff and 

organizations beyond those needed for safe 

shutdown) 

 identifying how much communication will 

be required to satisfy all communication 

needs 

 identifying who, beyond the SS, is available 

to help address communication needs. 

 

V. FUTURE WORK AND CONCLUSIONS 

 

      This paper has summarized work to-date on 

understanding C&C in MCRA scenarios.  Much of this 

paper's content is contained in a report expected to be 

published later this year. Specifically, EPRI and NRC-

RES will be jointly publishing Supplement 1 to NUREG-

1921 (Ref. 11) that provides qualitative analysis 

HRA/PRA guidance for MCRA scenarios. The joint 

EPRI/NRC-RES team is currently working on guidance 

for HRA quantification, building on the qualitative 

analysis guidance and NUREG-1921. 
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