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        NUREG-1921 Supplement 1 (to be published in 
2017) provides qualitative guidance for how to address 
main control room abandonment (MCRA) human 
reliability analysis (HRA) as a subset to HRA in a fire 
PRA. One of the key components of MCRA is the 
development of a timeline.  In order to be consistent with 
the rest of the fire PRA, the analysis of MCRA scenarios 
must adhere to the same fundamental considerations as 
the fire PRA evaluation of fire areas and different fire 
scenarios, including timing considerations. The concepts 
that the Time Available must exceed the Time Required 
and that the amount of exceedance impacts the reliability 
of the action remain valid for MCRA. Even so, there are 
several differences, primarily additional considerations 
that must also be taken into account in order to ensure 
that the MCRA actions are both feasible and reliable. The 
purpose of this paper is to describe the timing 
considerations associated with MCRA, and to present an 
approach to overlay the various timing sources 
(timelines) into a single MCRA timeline. 
 
 
I. INTRODUCTION 

 
NUREG-1921, EPRI/NRC-RES Fire Human Reliability 
Analysis Guidelines1, provides a standardized approach 
for developing the human reliability analysis (HRA) for 
individual operator actions in a fire PRA, and includes 
guidance on developing a timeline for an individual 
action.  The MCRA timing information is complex and 
may require several depictions to convey that information.   
This collective set of information is referred to here as the 
combined MCRA timeline, although it is recognized that 
it may be several timelines taken together. 

  What is particularly unique and important for 
MCRA scenarios is: 1) there are likely to be multiple 
operator actions associated with restoring required 
functions, represented by unique timelines, and these may 

be performed simultaneously or may require coordination; 
and 2) it is important that the HRA analyst combine all of 
these timelines and other timing information in order to 
develop an integrated understanding of the overall MCRA 
scenario. Supplement 1 to NUREG-1921, EPRI/NRC-RES 
Fire Human Reliability Analysis Guidelines: Qualitative 
Analysis for Main Control Room Abandonment 
Scenarios2 provides guidance for how to address the HRA 
for MCRA scenarios as part of a fire PRA.  In developing 
the MCRA analysis, the timeline is a tool that can help an 
HRA analyst understand the complex relationships 
between multiple operator actions associated with the 
plant response, including the interactions among 
operators. Additionally, a single timeline is useful to 
understand other timing aspects such as the fire growth 
and propagation and the progression of the accident 
sequence. By incorporating additional timing 
considerations into a single “picture” in this way, the 
HRA analyst develops a better understanding of the plant 
response, which improves the qualitative HRA analysis. 
This, in turn, results in a better operational narrative; 
ultimately providing a better basis to support 
improvements such as plant procedures and training.  
Consequently, one of the important goals for MCRA 
HRA is a combined representation of the MCRA 
timeline(s). 

Understanding the combined timeline as part of 
MCRA analysis is a concept introduced in NUREG/CR-
6850 [3] Task 11.b; and is summarized in this paper. 

In order to be consistent with the rest of the fire PRA, 
the analysis of MCRA scenarios must adhere to the same 
fundamental considerations as the fire PRA evaluation of 
fire areas and different fire scenarios, including timing 
considerations. In particular, two concepts must remain 
valid for MCRA HRA: 1) there must be sufficient time 
for operator response (the Time Available must exceed the 
Time Required), and 2) the amount of exceedance impacts 
the reliability of the action. Even so, there are several 



differences during MCRA, primarily additional 
considerations that must also be taken into account in 
order to ensure that the MCRA actions are both feasible 
and reliable. This paper describes the timing 
considerations associated with MCRA, and presents an 
approach to overlay the various timing sources (timelines) 
into an integrated understanding of timing for MCRA 
strategies. 

The development of the combined MCRA timeline 
serves several purposes as listed below.  

• First, it helps the analyst to collect and 
understand the plant response following fire 
ignition, specifically:  

o Fire growth and propagation as modeled 
from ignition to damage, 

o Systems and success criteria modeled in 
the fire PRA following fire-induced 
reactor trip as the initiating event, 
including: 

 Systems and components 
credited for safe shutdown, 

 Thermal-hydraulic models of 
success criteria for safe 
shutdown components.  

 Component mission and failure 
times (such as time to fire 
damage or time to battery 
depletion). 

o Operator response associated with the 
procedures needed to mitigate fire 
damage and to achieve safe shutdown.  

• Second, the timeline helps with the qualitative 
analysis by providing a means to check 
feasibility and providing insights on performance 
shaping factors (PSFs) (such as the relationship 
between procedures, training, communications 
and cues, and the time required).  

• Third, the timeline supports the quantitative 
analysis by providing a measure of the margin 
between the time required to complete all MCRA 
actions and the time available for response. 

• Additionally, dividing the timeline into time 
phases is a modeling tool to decompose the 
timeline into time periods governed by different 
cognitive aids such as procedures, plant 
information available and availability of 
additional, supporting staff. 

 
This paper is organized as follows.  
- Section 1 Introduction 
- Section 2 Discussion of the phases of plant response 
- Section 3 Description of the sources of timelines 
- Section 4 Summary of the timing associated with the 
  decision to abandon 
- Section 5 Conclusions and an example 
- References and acknowledgments are listed last. 

 
II. TIME PHASES OF MCRA SCENARIOS 
 

It is useful to decompose the overall MCRA timeline 
and consider the progression through the three phases 
listed and depicted below in Figure 1.  

• Phase I – Time period before the operators 
recognize that abandonment may be required 

• Phase II – Time period associated with the 
decision to abandon 

• Phase III – Time period after abandonment 
during which the transitional and post-
abandonment shutdown actions are performed 

 

 
 
Fig. 1. Three Time Phases of MCRA  

 
Phase I is the time period before the operators 

recognize that abandonment may be required. This 
phase begins at the start of the fire, includes 
detection and response to the fire, then ends when 
the cue for the decision to abandon occurs.  While in 
the MCR, the information and controls available for 
response are available and the operators are 
following typical post-initiator emergency operating 
procedures (EOPs) in addition to implementing fire 
response procedure actions.  

Phase II is the time period associated with the 
decision to abandon. This phase starts when the 
operators receive cue(s) that abandonment is needed. 
The cues(s) for MCRA could be one or more of the 
following: 

• The fire cannot be suppressed and the smoke 
and/or heat levels are becoming life 
threatening,  

• Operators begin to believe that the plant 
cannot be controlled from the MCR, or  

• The MCRA procedure direct the operators to 
abandon.  
 

Phase II ends when the decision to abandon has 
been made. Phase II is primarily cognitive and 



consists of the three elements: detection, diagnosis, 
and decision-making.  The detection and diagnosis 
in Phase II is related to detecting and confirming that 
the fire damage and fire growth has progressed to 
the point where evacuation is required.   

For fire scenarios involving loss of habitability 
(LOH), this is relatively simple and the decision to 
abandon the MCR is assumed to be forced due to 
untenable environmental conditions within the 
MCR. Therefore, the decision to abandon is always 
considered to be successful once the physical criteria 
are met (i.e., there is not a separate human failure 
event for the decision to abandon on LOH). The time 
needed to make the decision to abandon is expected 
to be short (e.g., could take up to one minute after 
the cue is received) and this short time period should 
be included in the timeline.    

For fire scenarios leading to loss of plant 
controls (LOC) the diagnosis and decision making 
can be more complex and may require local 
confirmation of operability of a system if its status 
cannot be determined in the MCR.  Typically, 
during LOC scenarios, the time required for 
diagnosis and decision-making depends on the level 
of guidance provided in the MCRA procedure. At 
many plants, specific cues for abandonment are not 
provided in the MCRA procedure and the simulator 
training often does not specifically cover the 
decision-making process, with trainers instead 
providing the cue to abandon to the crew being 
trained. This leads to significant uncertainty in the 
operators’ ability to reliably make the decision to 
abandon in time to safely shutdown the plant. For 
this reason, the HRA analyst should work with the 
team to identify the equipment and functional 
failures leading to MCR inoperability and 
recommend the inclusion of more specific 
abandonment cues based on these 
equipment/functional failures to the MCRA 
procedure. Detailed information on modeling the 
decision to abandon the MCR is provided in Section 
4 of NUREG-1921 Supplement 1.  

Phase III starts once the decision to abandon has 
been made and consists of actions taken in the MCR 
and outside of the MCR.  Most MCRA procedures 
contain specific actions that are required to be 
performed just before leaving the MCR. These 
actions could include reactor trip (if not automatic or 
already manually done), turbine trip, and isolation of 
critical MCR panels to allow control to be 
transferred to the Remote Shutdown Panel (RSDP).  

The time it takes to perform these actions should be 
incorporated into the overall operator response 
timeline and are considered to be in Phase III.  

When the operators leave the MCR, command 
and control is moved from the MCR to the remote 
shutdown panel (RSDP) (or, in some cases, at local 
control stations). The plant response typically 
consists of the following sub-parts: 

• Actions required for completing the transfer 
of control to the RSDP, alternate shutdown 
panel, or local control stations (depending 
upon the plant-specific MCRA design and 
procedures) 

• Local actions to implement systems and 
functions required for safe shutdown 

• Long-term control of plant parameters 
 

Phase III should consider the time it would take 
to travel from the MCR to the RSDP. This time can 
range from less than a minute to greater than 5 
minutes depending upon the plant layout and 
location of the RSDP with respect to the MCR. Once 
at the RSDP, it is not uncommon for the person 
leading the command and control to review the next 
steps of the MCRA procedure with the crew before 
delegating procedure steps to them, often organized 
into specific procedure attachments. Then, the main 
objective is to establish control of the plant at the 
RSDP so that it can serve as the new command and 
control center to which the other operators report the 
status of their local actions. The operations team 
then takes actions to implement systems and 
functions, which may include time-critical actions, 
to bring the plant to a safe, stable condition. Further, 
depending on the plant’s licensing basis these 
actions may, or may not, be defined as NFPA 805 
recovery actions.  

Phase III ends once the plant reaches a safe, 
stable state. This includes starting the required 
systems, and maintaining long-term control of the 
plant. The timeline should include any long-term 
actions required to maintain the safe, stable plant 
condition (e.g., actions to refill the condensate 
storage tank or emergency diesel generator fuel oil 
tank).  

It is important to note, that the three timeline 
phases are used to identify what procedure sets are 
governing plant response and to identify where 
command and control is located. 

 
 



III. INTEGRATING SOURCES OF TIMING DATA 
 

The MCRA timeline requires integrating timing 
information from different sources such as the following:  

• Fire progression 
• Accident progression (event tree sequence)  
• Procedure progression consisting of the expected 

operator response in transitioning through 
procedures (emergency procedures and/or fire 
response procedures) and executing the 
appropriate steps. This includes:  

o Time when LOC conditions are met  
o Time at which the decision to abandon is 

made 
o Time for actions performed just before 

leaving MCR 
o Time when operators leave MCR 
o Time for travel from MCR to RSDP 
o Time for RSDP actions and local actions 

to lead to a safe, stable conditions (after 
RSDP is established) 

o Timing of key communications and 
coordination among actions 

o Time for operators to establish alternate 
remote shutdown capability, including 
timing of individual actions  

 
III.A. Reference (Start) Time 

 
The MCRA timeline starts with fire ignition (T=0). 

When collecting timing information, the raw timing data 
collected from various starting points will likely need to 
be adjusted such that all parameters are defined with 
respect to the start of the fire. For example, typically the 
thermal-hydraulic plant response timeline will define T=0 
as reactor trip, but the fire growth timeline will define 
T=0 as the start of the fire, and the operator response 
timeline sometimes start once the decision has been made 
to take an action. Using the same reference point provides 
an anchor point that helps the analyst to capture the 
complexity and multiple interactions during the MCRA 
scenarios.  

 
III.B. Fire Progression Timeline 

 
The fire progression timeline consists of fire ignition, 

growth, propagation, detection, suppression and times to 
component damage. The fire growth and suppression 
times are typically a function of the heat release rate, 
smoke production, physical layout and arrangement, and 
MCR heating, ventilation, and air conditioning (HVAC) 
system line-up.   

The fire progression timeline is used to develop key 
times within the MCRA timeline. 

• Time the fire starts, defined as T=0.  

• Time the fire is detected. In many cases this may 
be T=0. However, in other cases, it could take 
several minutes for smoke or component failures 
to develop.  

• Time of the cue. The fire may provide a direct 
cue, for example, fire in Cabinet X leads to 
specific section of fire procedure. Additionally, 
the fire may indirectly provide a cue via fire-
damage to a safety system component, such as 
when the fire fails an electrical bus causing 
reactor trip. 

• Time at which fire suppression starts, to the 
extent that it is required to ensure realism in the 
dominant MCRA scenarios. Manual suppression 
is not addressed by the fire HRA but is addressed 
in the fire modeling task. Even when plant staff 
are used as part of the fire brigade (or until the 
fire brigade arrives), the staffing for MCRA has 
usually been specified such that sufficient 
personnel are available for safe shutdown 
actions, but this should be verified by reviewing 
the plant fire procedures and discussions during 
operator interviews. 

• Time at which Loss of Habitability (LOH) 
criteria are met. This time is based on when the 
temperature and/or smoke levels become life 
threatening and is primarily a function of fire 
damage, but it could also be a function of the 
operability of the control room HVAC system 
and associated system alignment.  For LOH 
scenarios, zone or computational fluid dynamics 
fire modeling software can be used to determine 
the time at which the smoke levels becomes life 
threatening.  

• Time at which fire is extinguished. 
• In some cases, detailed fire modeling may be 

able to provide the times at which key 
components are impacted by the fire. However, 
in most MCRA scenarios, the time to component 
damage is modeled conservatively such as “all 
components failed at the start of the fire”. The 
expected operator response is highly dependent 
on when components are failed. If all 
components are assumed failed at T=0, then the 
operator response should reflect this assumption.  

• In some scenarios, a system may successfully 
start and run for a defined amount of time. This 
may provide additional time to core damage. If 
these times are known, they can be used in the 
MCRA timeline to provide a best estimate 
timeline. For example, if auxiliary feedwater 
system (AFW) successfully starts following 
reactor trip, then runs until the operators have 
removed power to the components, then the time 



to core damage would be longer than if AFW 
fails to start following the reactor trip.  

 
In general, the fire progression timeline requires 

inputs from detailed fire modeling. The more detailed fire 
modeling information is available, the less uncertainty 
there will be related to the timeline development. 
 
III.C. Accident Progression Timeline 

 
The accident progression timeline represents the 

thermal-hydraulic modeling relevant to the event tree 
sequence. As such, this consists of the progression from 
the initiating event, through success or failure of systems 
and actions modeled in response to the initiating event, to 
the point of core damage or a safe, stable end state. The 
progression includes the PRA success criteria for systems, 
components and operator actions. The accident 
progression includes the following timing information: 

• Time of reactor trip 
• Time of cues (Tdelay) for individual actions 
• Times for successful operator actions (if 

applicable) 
• Times that component failures are modeled as 

occurring (if applicable) 
• System time window (Tsw) for individual actions 

as well as for the overall MCRA scenario 
 

The accident progression timeline links to the fire 
progression timeline through the component failure 
timing and the time of reactor trip. In most MCRA 
scenarios, the fire starts and all components affected by 
the fire are assumed to be failed at the same time.  

It is important to identify the time of reactor trip with 
respect to the start of the fire because most thermal-
hydraulic data collected to support the system time 
windows consider T0 as reactor trip. If the fire damage 
causes reactor trip, then the “clock starts” for many 
operator actions. However, if the reactor trip is delayed, 
then the “clock starts” later. 

For most MCRA scenarios, the severity of the fire 
and loss of functionality of the MCR and significant 
systems and functions would be expected to lead to fire-
induced reactor trip shortly into the scenario, if not 
immediately, and is therefore taken to occur at T0. 

The accident progression can define the time 
available for an HFE. In many cases, the time available 
will start only when a structure, system, or component 
(SSC) is impacted by the fire. In this case, the system 
time window will need to include the time at which the 
SSC is failed (with respect to the start of the fire) and the 
time available for the action. For example, an action to 
restore power to a DC bus by locally re-aligning the 
power supply could have success criteria based on battery 
depletion time. The time to battery depletion only starts 

when the batteries are demanded. This may or may not be 
the start of the fire, or may start once the operators 
remove power from the MCR just before abandoning. In 
addition to potential shifts such as these, the system time 
window may be longer depending on the system or 
function implemented, such as long-term control actions.  

The accident progression timeline produces timing 
information related to cues that are a function of 
parameters being monitored by instruments (e.g., RCS 
pressure, temperature, steam generator (SG) level). The 
accident progression timeline generally starts with the 
success criteria from the internal events PRA and uses 
additional thermal-hydraulic cases developed for the fire 
PRA. The accident progression timeline is usually linked 
to the other timing sources at the time of reactor trip. 

 
III.D. Procedure Progression Timeline 

 
The timing sources described above primarily define 

the time available for operator response and provide 
additional information such as when key cues and plant 
parameters occur during the response. This section 
focuses on the time required for response. 

As described in NUREG-1921, the time required for 
response consists of the time for cognition and the time 
for execution (Tcog+Texe). The time required for response 
depends on what procedures are being used, including the 
time to transition through different procedures, as well as 
the time needed to fully implement the critical steps in the 
procedures.  

For all phases, the procedure progression timeline is 
typically constructed by the HRA analyst with input from 
the plant operations staff. Operational input is essential in 
order that the plant response times reflect the “as-
operated” or “as-to be operated” plant. Input is collected 
from the operators based on the talk-through/walk-
through guidance in Appendix C of Supplement 1 to 
NUREG-1921. As part of this discussion, the HRA 
analyst should review the timing of the fire and hardware 
failures with plant operations in order to understand the 
context and development of timing for both Phase II and 
Phase III.  

During Phase I, typically, the plant EOPs/AOPs 
remain in effect and are used in conjunction with the 
plant's fire procedure. The modeling of the time required 
for response follows the same considerations as described 
in NUREG-1921. During Phase I, the fire-induced 
initiating event and the associated reactor trip are affected 
by the fire growth timeline and accident progression 
timeline.  

During Phase II (i.e., the decision to abandon), the 
operators are typically following EOPs and/or AOPs and 
fire procedures, and accessing the MCRA procedure to 
decide whether MCRA is warranted. For Phase II, the 
time at which abandonment occurs should be based upon 



the specific criteria the crew will use for making the 
decision to abandon.  

During Phase III, most MCRA procedures include 
several actions that are performed just before leaving the 
MCR. These actions typically can be accomplished 
quickly and include reactor trip (if not already done), 
turbine trip, and isolation of critical MCR panels as a first 
step to transferring control to the RSDP. The time it takes 
to perform these actions should be incorporated into the 
overall operator response timeline. When conducting 
these steps, the actions are typically accomplished 
independently without the need for communications, 
coordination, or command and control. 

Later, during Phase III the operators may be using 
only the MCRA procedure or may still be using 
EOPs/AOPs and the plant fire procedure. What 
procedures are being used is a question that should be 
asked during operator interviews.  The evaluation of the 
Phase III portion of the MCR timeline requires a 
combination of both talk-throughs and walk-throughs of 
the MCRA procedures with knowledgeable plant staff 
since the control room simulator has limited use for 
actions outside of the MCR. If the plant has a simulator 
for the RSDP, this can be useful for determining the time 
to complete actions at the RSDP, but actions taken away 
from the RSDP will need to be based on walk-throughs 
and talk-throughs and should cover the time it takes to 
perform each action individually as well as the collective 
set of actions.  

The MCRA procedure may contain steps that are not 
considered essential by the PRA, but are done to facilitate 
the ability of the operators to restart the plant at a later 
time. These steps, however, can take time and attention 
away from the critical actions and could compromise the 
ability of the operators to complete the PRA-relevant 
steps in time to bring the plant to a safe and stable 
condition. Conducting timed walk-throughs can identify 
the time constraints on the MCRA process and can help 
demonstrate to operations and training the importance of 
focusing on the PRA-relevant steps of the procedure. The 
HRA analyst can then recommend moving the non-
essential steps to a later point in the procedure after the 
critical steps are completed.  

The MCRA procedure needs to be evaluated not only 
in terms of individual actions, but as a collective set of 
actions to ensure that the entire set of actions can be 
completed in time to avoid core damage. Each plant has a 
unique MCRA strategy and procedure. Some plants rely 
heavily on the shift supervisor directing each action one-
at-a-time with confirmation that each step has been 
completed before proceeding to the next step. Conversely, 
other plants provide each operator with a stand-alone 
attachment to complete a series of steps. Each operator is 
expected to work relatively independently and then report 
back following completion of their attachment. The 
timeline of the Phase III portion can be highly complex 

and requires the analyst to understand the expected 
procedure response. The timing should include any time 
for communication among operators in multiple locations 
as well as account for time delays due to feedback 
required by or from other operators before subsequent 
procedure steps can be taken.  

The MCRA timeline ends once a safe, stable plant 
conditions has been reached. Operators will need to 
maintain long-term control of the plant, typically 
involving the decay heat removal and injection systems. 
This includes maintaining inventory of tanks or systems, 
which may need to be refilled at some point in the future. 
For these long-term control actions, the duration is the 
mission time of the function or system being modeled and 
should be included in the fire PRA as actions required for 
success. In contrast, for internal events HRA, the time 
available generally considers at the time at which the 
system must first be started, and actions for long-term 
control are often not required or are considered negligible. 
For MCRA, the long-term control portion may no longer 
be negligible contributors to the overall failure 
probability. The operator(s) may need to control the 
system multiple times in order to remain in a safe and 
stable condition. When modeling these steps, the actions 
typically require some level of communications, 
coordination, and/or command and control and the time 
required to accomplish these actions must be addressed. 

The timing considerations and sources of data in 
Section 4.6.2 of NUREG-1921 [1] apply to MCRA. 

• Evaluation of time required (Tcog + Texe) to 
complete the actions should consider both 
cognition and execution. The cognition time 
includes diagnosis, detection and decision-
making, and the execution time includes time to 
travel to each action location, as well as the time 
necessary for performing the action, including 
communications if necessary. This may be 
complicated if multiple locations are visited in 
the course of sequential actions, in which case 
the various action locations need to be 
considered. This is especially important for post-
MCRA actions for which a large number of 
actions will be distributed.  

• The evaluation of the time required (Tcog + Texe) 
should include the time required for coordination 
and communications. Once outside the MCR, 
each plant has a unique communications strategy 
(or strategies). Consideration of the command 
and control structure at the plant should be made 
as part of the communication and operator 
dynamics assessment. The HRA analyst should 
identify the times at which key communications 
would be required between stations outside of 
the MCR and the RSDP.  

• For example, starting a pump may require one 
operator to start the pump locally and a different 



operator to control the pump flow at a different 
location. Starting and controlling the pump could 
require one operator to start the pump and then 
communication with the operator at the RSDP to 
determine the flow rate. The flow rate indicators 
may or may not be available at the pump. The 
time at which this communication occurs is 
dependent on how long it takes the operator to 
travel to and start the pump. In another example, 
the flow rate of the charging pumps may not be 
determined until after instrumentation and 
control has been established at the RSDP.  

 
Section 4.3.4 of NUREG-1921 [1] mentions 

equipment access, environmental conditions, and 
expected variability between individuals and crews as 
potential contributors to timing uncertainty. It is therefore 
important that the analyst recognize the potential for 
uncertainty in the time estimates and be vigilant for cases 
in which a small change in the estimation of the time 
required could change the operator action from feasible to 
infeasible.  
 
IV. TIMING ASSOCIATED WITH THE DECISION 
TO ABANDON  

 
For LOH scenarios, the timing associated with 

the decision to abandon is very short since the 
decision to abandon should be obvious given the 
environmental conditions in the MCR. However, as 
with any operator action, it should be assumed that 
the decision to abandon could take at least one 
minute after the cue is received and this period 
should be included in the timeline.  

For LOC scenarios, the time required to make 
the decision to abandon could take several minutes 
since the conditions inside the MCR will not be life 
threatening. For LOC, the decision to abandon will 
be based on procedure cues, training, and is typically 
at the discretion of the SRO in charge of the 
operating crew.  For most U.S NPPs, the criteria for 
abandonment are typically not clearly defined and 
are often ambiguous. NUREG-1921 Supplement 12 
provides additional guidance on the decision to 
abandon for LOC scenarios.  The timing parameters 
associated with Phase II are shown in blue and the 
timing parameters associated with Phase III are 
shown in red in Figure 2 below. 

. 

 
 

Fig. 2. Overlap between Phase II and Phase III for LOC 
Scenarios 
  
V. CONCLUSIONS 
 

The development of the combined MCRA timeline 
serves several purposes.  

• First, it helps the analyst to understand the 
complex response following fire ignition and fire 
growth, thermal-hydraulic response, and operator 
progression through procedures. 

• Second, the timeline helps with the qualitative 
analysis by providing a means to check 
feasibility and providing insights on performance 
shaping factors (such as the relationship between 
procedures, training, communications and cues, 
and the time required).  

• Third, the timeline supports the quantitative 
analysis by providing a measure of the margin 
between the time required to complete all MCRA 
actions and the time available for response. 

• Additionally, dividing the timeline into time 
phases is a modeling tool to decompose the 
timeline into time periods governed by different 
cognitive aids such as procedures, plant 
information available and availability of 
additional, supporting staff. 

• Finally, developing an integrated timeline helps 
understand the dependencies between the 
collective set of operators, including 
coordination and communication associated with 
command and control, as depicted in the 
example shown in Figure 3. 

 
Most of this paper's content is contained in a report 

expected to be published in 2017. Specifically, EPRI and 
NRC-RES will be jointly publishing Supplement 1 to 
NUREG-1921 (Ref. 2) that provides qualitative analysis 



HRA/PRA guidance for MCRA scenarios. The joint 
EPRI/NRC-RES team is currently working on guidance 
for quantification of the HRA associated with MCRA, 
building on the qualitative analysis guidance and 
NUREG-1921. 
 

 
 

Fig. 3. MCRA Timeline after the Decision to Abandon 
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operated and managed by Sandia Corporation, a wholly 
owned subsidiary of Lockheed Martin Corporation, for 
the United States Department of Energy’s National 
Nuclear Security Administration under Contract DE-
AC04-94AL85000.  Part of this work was funded by the 
Electric Power Research Institute and the EPRI HRA 
Users Group. 
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