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Discussion for NRC/Industry Face to Face Meeting on MCR Abandonment  
Rev. 4, 10/29/2013, NRC's Recommendations for MCR Abandonment HRA - Loss of 

Habitability 
 
 

1.0 Opening Remarks 
 
The input provided here is in response to materials provided by industry, i.e.,  

• Attachments to e-mail from Victoria Anderson, dated August 14, 2013: 
o Section 2.2 (ML13232A281) 
o Attachment A (ML13232A245) 
o Attachment B (ML13232A302) 

 
NRC would like to note that, while it does not agree entirely with the information in these inputs, 
the inputs above provided essential detail for NRC to understand the industry position and 
assisted in NRC's development of the information below.   
 
In particular, the NRC discussions below are partially in response to the material provided by 
industry.  Also, the industry's examples in Attachments A and B were a "springboard" for NRC's 
alternate proposals.  Also, in a few cases, NRC has used the industry's examples (although not 
always in the way that industry originally proposed). 
 
2.0 Feasibility Assessment 
 
NUREG-1921 borrowed the concept of "feasibility" from NUREG-18521, and modified its 
definition slightly in order to use it when performing HRA for fire PRA.  While NUREG-1921 was 
developed for supporting fire PRA, the concept of a feasibility assessment, and the associated 
feasibility criteria, are expected to be a valuable addition to the overall HRA toolbox when 
addressing other PRA hazards (e.g., seismic and other external events) and types (e.g., post-
core damage).   
 
Consequently, NRC believes that it is very important to preserve the original intent of feasibility 
assessment, as described in NUREG-1921.  Therefore, NRC strongly recommends the 
following: 

1. Feasibility and feasibility assessment should be preserved as an HRA step which is 
separate from the assessment of reliability (i.e., development of human error 
probabilities (HEPs)), 

2. The timing of feasibility assessment performance should be consistent with that 
described in NUREG-1921 (i.e., initially as part of the HRA Task, Identification and 
Definition, and later re-assessments as information is revised or more information is 
available), 

3. While inputs to feasibility assessments may overlap those for needed for HRA 
quantification, feasibility and reliability should not be confused or equated in any way2, 
and 

                                                            
1 Recognize that the guidance in NUREG-1852 drew extensively from “traditional” human factors and HRA 
sources, i.e., independent from fire considerations. 
2 As described in NUREG-1921, feasibility assessment is designed to be a "Go/No-go" test, i.e., the inputs to 
feasibility assessment are minimum criteria for crediting an operator action in a PRA model.  Also, especially 
initially, the inputs to feasibility assessment may be based on preliminary or crude information, such inputs may not 
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4. Initially, it may be assumed that the feasibility criteria in NUREG-1921 are sufficient for 
safe shutdown actions required after MCR Abandonment (although this may need to be 
revisited later, especially if new research shows otherwise). 

 
Consequently, tables, such as Table B-6 in Attachment B, that were provided by industry must 
be revised to remove the feasibility assessment column, related notes, and other related 
information. 
 
3.0 Complexity 
 
Complexity is an important concept in NUREG-1921, being discussed explicitly as a 
performance shaping factor (PSF) in Section 4.6.4 and as an important input to HRA 
quantification using the scoping approach in Section 5.2.  Complexity is discussed in other 
places in NUREG-1921 (e.g., Sections 4.8, 4.9, and 4.10), either explicitly or implicitly. 
 
NRC also stresses that the concept of complexity will be important in determining which safe 
shutdown strategies following MCR Abandonment can be represented with the "0.1 Case" 
discussed in Section 4 below.  
 
3.1 Definition of Complexity 
 
Historically, there have been many definitions of complexity in HRA, as well as in human factors 
or psychological literature.  Many of these variations occur due to the needs of different 
contexts, technologies, and applications.  While recognizing that there are some overlaps with 
the industry's example input to Section 2.2 of the FAQ,3 NRC strongly recommends that the 
base definition of complexity provided in NUREG-1921 be retained for the fire PRA context, 
including that for MCR Abandonment, because of these variations.  If additional explanation is 
needed for the particular case of MCR Abandonment, this should be identified. 
 
NUREG-1921 defines or describes complexity in Section 4.6.4, as follows: 

"...[T]he PSF addressing complexity attempts to measure the overall complexity involved 
for the situation at hand and for the action itself (e.g., many steps have to be performed 
by the same operator in rapid succession versus one simple skill-of-the-craft). Many 
other PSFs affect the overall complexity, such as the need to decipher numerous 
indications and alarms, the presence of many complicated steps in a procedure, or poor 
HMI.  Nonetheless, this factor also captures "measures" such as the ambiguity 
associated with assessing the situation or in executing the task, the degree of mental 
effort or knowledge involved, whether it is a multivariable or single-variable task, whether 
specific sequencing or coordination is required for the action to be successful (especially 

                                                                                                                                                                                                
be suitable for HRA quantification.  Furthermore, information available later in HRA/PRA development may be 
sufficiently different such that the feasibility assessment for an operator action is changed.    
3 The August 14, 2013 e-mail contained an attachment with input related to complexity that appears to be intended 
for Section 2.2 of the FAQ.  This input contains several suggestions for the definition of complexity.  However, the 
sources of complexity noted (especially for cognitive complexity) are more suitable for the context of in-control 
room response using Emergency Operating Procedures (EOPs) in which the control panels of the MCR have been 
designed with close attention to human-machine interface, procedures are highly trained, and the overall 
environment is very familiar.  In such a context, deviations from expected accident scenarios, as planned for in 
procedures, panel design, and training, is the appropriate focus and diagnostic complexity can be expected to arise 
from the sources listed by industry.  Overall, the operational context of safe shutdown following MCR 
Abandonment already has deficiencies, as compared to the MCR context, in cues and indications, controls, 
procedure familiarity, training frequency, communication, workload, and overall command and control.  
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if it involves multiple persons in different locations), or whether the activity may require 
sensitive and careful manipulations by the operator.  The more these measures describe 
an overall complex situation, the more this PSF should be identified as a negative 
influence.  To the extent that these measures suggest a simple, straightforward, 
unambiguous process (or one that the crew of individual is familiar with and skilled at 
performing), this factor should be found to be nominal or even ideal (i.e., have a positive 
influence).  
 
For local and MCR Abandonment actions, the crew may be required to visit various 
locations; as the number of locations increases, the complexity of the situation can 
increase.  Adding to this complexity is the extent to which multiple actions must be 
coordinated.  The number and complexity of the actions and the availability of needed 
communication devices should be addressed. 
 

The definition above implies that, given the context of fire and fire effects, the opportunities for  
such simplicity, straightforwardness and unambiguity are expected to be more limited than for 
other types of scenarios.  
 
Also, note that NUREG-1921 recognizes that both cognition and execution can be affected by 
complexity.  Using the discussion above and that for the scoping approach, the following are 
examples of factors to be considered in assessing complexity for the context of MCR 
Abandonment: 

• Cognition (assumed to predominantly affect control room operators and supervision now 
located at the remote shutdown panel): 

o How well available cues and procedure steps match the plant conditions and the 
required operator response  

o How many field operators and associated actions must be tracked as part of 
required operator response 

o How much communication with field operators is required in order to assist and 
track required operator response 

o How much coordination of field operator actions (especially, time sequencing) is 
required as part of required operator response 

o Whether control room operators are distributed over multiple shutdown panels, 
also requiring coordination, communication, and so forth by supervision 

o Workload associated with other required operator tasks (e.g., phone 
communication with fire brigade, phone calls for required notifications) 

o Workload and complexity associated with any actions that must be taken at the 
shutdown panel (see execution complexity below) 

• Execution (may be relevant for both control room operators at remote shutdown panels 
and field operators who are taking actions at local plant locations): 

o How well procedures support field operator actions (e.g., appropriate details on 
actions provided) 

o How well human-machine interfaces (e.g., panel designs) support field operator 
actions (e.g., labeling, local feedback for action success) 

o How many steps or tasks are required to be performed 
o How difficult the steps or tasks are (especially how long it takes to complete the 

action, special tools or skills) 
o How many locations are required to complete actions 
o How much and what kind of communication is required with supervision at 

remote shutdown panel (e.g., no communication versus confirmation of 
completed action, or commands for control required)  
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o What quality of expected communication with supervision at remote shutdown 
panel (taking into consideration what communication methods are available for 
different fire contexts) 

o Whether coordination with other field operator actions is required (e.g., are there 
hold points that must be remembered?) 

 
Note that the need for coordination and communication can be a contributing factor to BOTH 
cognition and execution. 
 
The NRC recommends that the assessment of complexity, for the purposes of evaluating safe 
shutdown strategies following MCR Abandonment, follow the basic principles of assessment 
laid out in the discussion of the scoping approach in NUREG-1921 (Section 5.2). 
 
Section 5.2.3 provides explicit guidance on how to assess complexity for execution (see pages 
5-14 and 5-15).  These assessments apply to all of the flowcharts in the scoping approach, 
including that for safe shutdown following MCR Abandonment. 
 
For cognitive complexity, the NRC recommends an extension of that used to the scoping 
approach (i.e., procedures and cues match well to the scenario) and the discussions above that 
are also derived from NUREG-1921, namely: 

o procedures match well with (i.e., are fully supportive of) the scenario 
o operators have been trained (preferably more than classroom training) on the procedure 

and its actions 
o cues, indications, and controls match well to the action requirements and associated 

procedures 
o no coordination (e.g., time sequencing) is required for required action performance 
o only limited communication is required for required action performance, such as  

verifications of action completion 
o there is a single location for command-and-control (e.g., the remote shutdown panel) 
o either all required safe shutdown actions are performed at a single,  dedicated remote 

shutdown panel; or, if, in addition to the single remote shutdown panel,  other locations 
are required, all safe shutdown actions are independent 

o no other workload concerns exist 
 
3.2 Relationship Between Other PSFs and Complexity When Command and Control Is 

Located at Alternate Shutdown Panel(s) 
 
 
When operators leave the MCR for the alternate shutdown panel(s) (ASP), there are several 
implications for this location shift of command and control with respect to cues and indications, 
communications, and workload.  In particular: 

a) with rare, if any, exceptions, the ASP will be limited, as compared to the MCR, with 
respect to the cues, indications, and controls available, 

b) because of the limitations noted in a), operator activities associated with detection and 
monitoring of cues and indications, and performance of actions, will be distributed 
between the ASP and other locations in the plant, requiring more and different types of 
communication than if all of these activities took place in the MCR, 

c)  when the operators leave the MCR, the operators "take the plant" with them to the 
ASP, including all of the requirements for communication with plant personnel (e.g., 
survey reports from health physics or radiation protection departments, plant managers 
requesting status updates) and outside organizations (e.g., the NRC, local and state 
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governments), BUT without the same ability to filter or control this communication due to 
less staff and/or the configuration of the ASP. 

 
All of the above contribute to a very different operating environment or context that contributes 
to an assessment of complexity, cognitive and/or execution. For example, the scoping approach 
for alternate shutdown in NUREG-1921 (i.e., the ASD flowchart) addresses this difference in 
context (e.g., reduced capability and support provided by the ASP, coupled with operator 
actions that are likely to be performed locally in the plant) by providing HEPs that are the 
highest among the flowcharts.   
 
In addition, the NRC is concerned about the workload added by the conditions described in item 
c) above.  When the MCR is staffed normally, there are rules and protocols about when and 
why control room operators are to be engaged, either directly or by telephone.  Under accident 
conditions, such interactions typically increase.  However, additional plant staff can be expected 
to help MCR operators, either as required (e.g., the Shift Technical Advisor is usually required to 
be in the MCR within ten (10) minutes) or simply to provide addition support.  Such additional 
support may not be likely or even possible (due to the size and location of the ASP) when the 
MCR is abandoned. 
 
Therefore, the NRC recommends the assumption that the expected operating context for 
operators at the ASP will involve a higher workload than that expected for the MCR under 
similar accident conditions.  Rarely might this assumption be relaxed, and only if it can be 
demonstrated that: 

• additional staff are able and required to assist operators at the ASP such that the ASP 
operators' workload is reduced, OR 

• the ASP location, configuration, or other features are similar enough to the MCR in 
functioning to limit ASP operator workload  

 
4.0 The "0.1 Case" 
 
The focus of current efforts regarding the MCR Abandonment FAQ has been to define what 
plant conditions and operator action characteristics can be represented by a 0.1 HEP for all 
operator actions associated with safe shutdown following abandonment.  (Note that this 
representation is different than the original introduction of this approach in NUREG/CR-6850; 
namely, the 0.1 probability represents ONLY the operator actions and not any hardware 
contributions, nor does it include the conditional core damage probability [CCDP], although it 
may be assumed to do so implicitly if the CCDP is close to unity.) 
 
The discussion below outlines NRC's recommended approach which involves, first, a base 
definition which is simple and fairly rigorous.  Recognizing that few plants would meet this 
definition, NRC also proposes a few acceptable exceptions. 
 
4.1 Base Definition  
 
NRC proposes a base definition for the 0.1 case for safe shutdown following MCR 
Abandonment that matches the NUREG-1921 definition for "simple" (rather than complex) and 
that was quoted in Section 3.1 of this document, plus other characteristics discussed above. 
 
Namely, ALL of the following are satisfied: 

• all required actions are feasible, independently and taken together 



6 
 

• there is no cognitive complexity 
• there is no execution complexity 
• all actions4 are taken from the dedicated,  remote shutdown panel(s)5, i.e., no “local” 

actions at the component locations themselves. 
• controls, cues/indications, and other needs for cognition and execution are provided by 

the remote shutdown panel (without need for another location) 
• procedures provide good support for performance of required actions 
• required actions are trained upon (including appropriately designed "simulations," 

walkthroughs, etc.) 
• each operator action (with appropriate treatment of any dependencies) has a time 

margin of two (2), using the definition of time margin provided in NUREG-1921.  
 
See the section immediately below for acceptable relaxations of this requirement.  Overall, 
however, the intent is that the 0.1 case represents a simple, straightforward, and unambiguous 
case, with adequate time for both cognition and execution.   
 
Note that, at this time, the NRC does not recommend any other timing considerations (except 
those that would already be addressed through the feasibility assessment described in NUREG-
1921).   
 
4.2 Acceptable Relaxations 
 
The NRC recommends that the base definition be used to communicate that, overall, the 
operational conditions and characteristics must meet the general definition of a simple, 
straightforward, and unambiguous case, with adequate time for both cognition and execution.  
However, the NRC also recognizes that plant-specific situations may closely approximate this 
overall intent with certain acceptable compensating measures.  In all cases, a good feasibility 
assessment, as described in NUREG-1921, should be performed.  
 
The NRC proposes a limited set of acceptable compensating measures in order to maintain the 
close approximation to the base definition and to recognize that not all measures are adequate 
compensation.   
 
As such, the acceptable relaxations are: 

1. A limited number of multiple locations (no more than 5), including both the dedicated, 
remote shutdown panel and local plant locations, IF actions between locations are 
independent, i.e.,  

a. do not require any coordination or associated communication for successful 
performance, AND 

b. each action location has all of the necessary cues/indications and controls 
needed  for successful performance.  

2. Detailed procedure steps may be replaced by skill-of-the-craft, but only if good training 
and training frequency and/or experience exists and has been demonstrated. 

3. Local control of a single plant parameter or equipment, IF 
a. no coordination or associated communication is required, AND 
b. all indications or cues necessary for control are co-located with the action 

location, AND 
                                                            
4 These actions would include those actions taken, initially, to establish plant conditions to enable plant shutdown, 
including actions in the MCR (e.g., tripping RCPs). 
5 If, for example, there are multiple panels in a single location that is used for safe shutdown. 



7 
 

c. control actions are well-trained and demonstrated, AND 
d. as compared to "control" actions, execution of this action can be considered 

"simple." 
4. Local control of more than one plant parameter or equipment, IF 

a. there are NO dependencies between the operator actions and resulting plant 
behavior, AND 

b. no coordination or associated communication is required, AND 
c. all indications or cues necessary for control are co-located with the action 

location, AND 
d. control actions are well-trained, AND 
e. as compared to "control" actions, execution of this action can be considered 

"simple." 
5. Communication between adjacent action locations may be allowed if both areas are not 

noisy and 3-way communication can be accomplished without loss of time due to the 
need for repeated communications (due to, for example, competing communications). 

6. If the operator responsible for command-and-control (or the equivalent with respect to 
procedure following and probably an SRO) has NO responsibilities for communication 
other than remote shutdown operations and field operations (e.g., no responsibilities for 
communicating with fire brigade or making notifications), then communications with field 
operators are allowed (because the associated workload has been compensated for) IF 

a. A limited number  (i.e., no more than 5) locations are involved (with a possible 
recommended limit being no more than four in conjunction with one ASP, or 
three in conjunction with two ASPs, with the ASPs meeting the independence), 
AND 

b. Coordination between field operator actions at multiple locations is limited to 
verifying a small number (e.g., two) actions that require time sequencing, AND 

c. Required communications are only related to completion of field operator actions 
(e.g., not related to control of a plant parameter or equipment) and involve 
simple, unambiguous communications, including those communications 
associated with coordination of multiple operators, AND 

d. Communication equipment is adequate to support unambiguous communication 
between locations. 

7. Some cases where the time margin (as defined for the scoping approach in NUREG-
1921) is less than two (2) might be justified.  Note that a multiplicative time margin 
criterion may not be appropriate for very short action times, e.g., < 2 min, where some 
minimum additional, additive margin > factor of two may be appropriate (e.g., at least 2 
minutes). 

8. Others? 
 
For all of the above relaxations, ALL other plant conditions and action characteristics specified 
in the base case must be met for it to be an acceptable relaxation.   
 
4.3 Examples of Acceptable Relaxations 
 
This section provides some examples of acceptable exceptions to the base definition of the 0.1 
case described in Section 4.1 above.  These examples have been chosen and/or developed to 
illustrate the general descriptions of exceptions given immediately above in Section 4.2.  
Furthermore, the examples have been taken from either Attachment A or Attachment B of 
industry's materials provided on August 14, 2013.  However, in all cases, the industry's  
examples have been modified in order to illustrate the NRC's recommendations on the definition 
of complexity, the 0.1 case and its acceptable exceptions.   
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4.3.1 Example Plant A, Base Case (original text from industry's Attachment A shown in black 
font; modifications or additions are shown in red font) 
 
Event description:   

[Note: A description is needed for this example but did not appear to be supplied in the 
industry materials.] 

 
Description of ASP: 

The plant has two remote shutdown panels (RSDPs), one for train A equipment and one 
for train B equipment. Either panel is capable of providing all required instrumentation 
and control to shut down the plant, i.e., only one train (A or B) is required.    The rooms 
are small and quiet.  Provisions are made for controlling traffic and communications to 
command and control in Train A RSDP. 
 

Description of required actions: 
• All actions required to enable the panels for a fire in the MCR (i.e., the command and 

control transition actions) are accomplished by means of a bank of disconnect switches 
in the relay room.  Upon leaving the MCR, operators in route to manning the remote 
shutdown panels pass through the relay room and throw all switches on a  panel. 

• Most actions for shutdown are accomplished at the RSDPs, but in addition there are 
certain local actions that are required.  

• Field operators perform the following: 
o FO-1; Locally trip RCPs 
o FO-2; Locally maintain SG pressure at 1000 psig using SG PORVs to control natural 

circulation; all controls and indications necessary for this action are co-located with 
the action location.    

o FO-3; Locally trip main feed and condensate pumps 
 
Assessment of relevant factors, including performance shaping factors (PSFs): 

• Training – All operations staff are trained in these operations bi-annually, both classroom 
and simulated. 

• Procedures - Relevant procedures match well with fire scenarios, and either contain 
detailed step-by-step instructions, or rely on skill-of-the-craft actions, on which operators 
have trained 

• Cues and indications - All needed cues and indications are available and salient on the 
RSDPs, or co-located with associated fields actions. 

• Communications – The plant has a hardened, hard-wired communication net, which will 
ensure quality communications.  

• Coordination - All three of the required field operator actions only require simple actions 
and verifications of action success and do not require any time sequencing (e.g. the 
pump trips do not require specific timing; the operation of the SG PORVs requires 
coordination, but success is is not dependent on precise timing).  
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• Timing - Timing analysis has been performed for all operator actions (which are 
independent) and all actions have a time margin (as defined in the scoping approach for 
NUREG-1921) of at least 2.6 

 
• Feasibility assessment: All required actions for this safe shutdown strategy have been assessed 

and determined to be feasible.  Details of this feasibility assessment are consistent with that 
described in NUREG-1921.7  
Assessment of match with definition of 0.1 case: 

This example does not exactly match the base definition of the 0.1 case because: 
1. There is more than one ASP 
2. Local operator actions are required. 
3. Multiple locations for operator actions are required. 
4. One of the field operator actions involves control of a plant parameter.  
5. There might be an impact on cognitive complexity due to an increased workload 

associated with communications and coordination of operator actions in multiple 
locations, including two remote shutdown panels and three actions performed in field 
locations. 

However, the example does match up with acceptable alternatives, allowing use of 0.1 to 
represent all of the operator contributions to failure probability for this sequence or scenario.   
Namely: 

1. While there are multiple locations, including local plant locations, actions between 
locations, 

i. There are no more than two ASPs with no more than three accompanying 
local actions 

ii. the actions are independent, i.e.,  
a. They do not require any coordination or associated communication for 

successful performance, AND 
b. each action location has all of the necessary cues/indications and 

controls needed  for successful performance.  
2. There are either detailed procedure steps or skill-of-the-craft actions, both of which 

are supported by training and training frequency and/or experience. 
3. The operator action that involves maintaining SG pressure at 1000 psig is the only 

local control action required for safe shutdown, and this involves local control 
action of a single plant parameter for which 

a. no coordination or associated communication is required, AND 
b. all indications or cues necessary for control are co-located with the action 

location, AND 
c. control actions are well-trained, AND 
d. as compared to "control" actions, execution of this action can be considered 

"simple." 
4. No coordination of field operator actions is required; communication is limited to 

verification of action completion over a hardened, hard-wired communication net, 
which will ensure quality communications.  

 

                                                            
6 Note that information has been assumed since there was no information of this kind in the industry example. 
7 Ditto. 
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4.3.2 Example "1" ((original text from industry's Attachment B shown in black font; 
modifications or additions are shown in red font) 
 
Plant Background and initial plant conditions: 

• Westinghouse PWR 
• At the time of the fire the plant is operating at full power steady state.  
• Following the detection of a fire, the MCR will activate the fire brigade and performs the 

first 4 steps of EOP-0.  While in the MCR the operators will be working in both the EOPs 
and the fire procedures. Following the decision to abandon the MCR, the EOP 
procedures are suspended. 

• Plant trains biannually on the MCR abandonment procedure. 
 
Assumptions: 

• T = 0 is considered to be the start of the fire as well as reactor trip.  There is no 
considerable time delay between the start of the fire and when reactor trip occurs. 

• Once the decision to abandon the MCR is made there will be no hesitation of the crew to 
implement all steps in the MCR abandonment procedure.   

 
Event description:   

A fire occurs in one of the back panels of the MCR, outside the horseshoe.  At the start 
of the fire a reactor trip/turbine trip occurs and there are no fire induced spurious 
operations of equipment.  Following the reactor trip, the plant response is as expected 
for a transient with reactor trip until smoke fills the MCR causing the MCR to be 
uninhabitable. Electrical power, AFW and charging are available until they are switched 
off by the operators in the first few steps of the MCR abandonment procedure just before 
the crew abandons the MCR due to high smoke levels.  There are no fire induced 
spurious operations of equipment after the operators abandon the MCR.   

Description of ASP: 
Plant has one dedicated, a remote shutdown panel, credited for fire. 

General description of required actions: 
The fire and the reactor trip to occur at the same time.  Upon receiving a reactor trip the 
control room crew will enter E-0 and perform the first 4 steps of E-0 and transfer to ES-
01 within the first 5 minutes of the scenario.  All AC power is initially available, reactor 
trip and turbine trip are successful, and AFW successfully starts and runs.  Reactor 
Coolant System (RCS) pressure stabilizes following reactor trip and the operators are 
maintaining successful control over the plant before they leave the MCR.   

When the crew enters EOP ES-0.1 they will also open the MCR abandonment 
procedure.   The fire is spreading within the panel and suppression measures are not 
successful.  Because the fire is spreading, and the smoke levels are increasing, the 
operators start performing steps 1-8 of the abandonment procedure at about 15 minutes. 
As the scenario progresses, smoke levels continue to build and force the operators out 
of the MCR at 18 minutes.  (This time is determined by CFAST) 
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The fire PRA context for this scenario is that, after the fire causes a reactor trip, 
charging, AFW, CCPs, and CCW will remain running until the operators switch them off 
at 15 minutes (before leaving the MCR.)  

Once outside the MCR, the MCR abandonment procedure directs a single RO to 
perform all actions at the RSP and then directs additional local actions via standalone 
attachments. The PSFs associated with each Task are shown in Table 2. 

 
Required actions: (note that these are breakdowns of the functionally related tasks into system-
related tasks that map better to an HFE that would be modeled in a PRA): 
1. Establish RSD Control & Instrumentation (Reactor Operator #1) 

a) Place Ctrl Room isolation switches in LOCAL (before leaving MCR) 
 Hand switch – 1-X 
 Hand switch -2 –X 

b) Place the following system switches in local (all of these actions are performed at 
the remote shutdown panel) 
 Hand switch – 3-AL 
 Hand switch -4 –CCW 
 Hand switch – 5-FC 
 Hand switch -6 –PW 

 
2. Restore AFW from the remote shutdown panel (Reactor Operator #1) (All actions are 

performed at the remote shutdown panel): 
a) Align AFW suction from the CST. (CST-XX-1) 
b) Start AFW pump A. 
c) Open AFW Valve –XX 

3. Restore power to  both CCW pumps and charging pumps by closing breaker in south 
electrical room (Balance of Plant operator - local action) 

4. Start CCW in CCW pump room, with no requirement for control of CCW flow (Aux Building 
Operator- local action, 1st location) 

5. Start CCP from north piping penetration room, with no requirement to control charging flow 
locally  (Aux Building Operator- local action, 2nd location) 

6. Overall command-and-control at remote shutdown panel (SRO) 
7. Control of pressurizer pressure, including control of charging flow at RSD (Operator #2) 
 
Assessment of relevant factors, including performance shaping factors (PSFs): 

• Training – All operations staff are trained in these operations bi-annually.  
o Action 1: class room discussion 
o Action 2: No JPM8 exists 
o Action 3: JPM exists for this Attachment B 
o Action 4: JPM exists for this Attachment C (along with Action 5) 
o Action 5: JPM exists for this Attachment C (along with Action 4) 
o Action 6: No JPM exists 

                                                            
8 Refer to Sections 4.6.2 and 4.11 in NUREG-1921 on guidance in using JPMs and making adjustments for a lack of 
realism in them. 
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o Procedures - Relevant procedures match well with fire scenarios, and either 
contain detailed step-by-step instructions, or rely on skill-of-the-craft actions.9  

o Action 1: Steps 11 and 12 of the MCR abandonment procedure directly provide 
the execution steps for this action  

o Action 2: Steps 13- 21 direct the crew to restore AFW from the remote shutdown 
panel. 

o Action 3: Steps 23 – 28 direct the crew to maintain CCW and charging and 
associated cooling systems from the remote shutdown panel. 

o Action 4: Ditto from Action 3  
o Action 5: Ditto from Action 3 

• Cues and indications: 
o Action 1: Following steps in the procedure to establish instrumentation.   
o Action 2: Following steps in the procedure.  Indications that provide feedback on 

the success or failure of this action are available at the remote shutdown panel. 
o Action 3: Following steps in the procedure.  Indications that provide feedback on 

the success or failure of this action are available at the remote shutdown panel. 
o Action 4: Ditto from Action 3 Indications that provide feedback on the success or 

failure of this action are available at the remote shutdown panel. 
o Action 5: Ditto from Action 3 Indications that provide feedback on the success or 

failure of these actions are available at the remote shutdown panel.] 
 

•  Communications10 – For all actions, operators can communicate via phone lines, that 
are dedicated and unaffected by the fire.  The evacuation phone numbers are provided 
in the MCR abandonment procedure as notes when communication is required. 
Communication between Reactor Operator #1, Reactor Operator #2 and SRO (who is 
responsible for command-and-control are co-located at remote shutdown panel, so their 
communication is easily done and similar to that in the MCR.  BOP operator reports to 
SRO via phone when required actions #3 and #4 are successfully completed.    

• Coordination11 - SRO is responsible for coordinating all operator actions. In particular, 
SRO directs the Aux Building Operator to start CCW pumps and CCPs only after the 
BOP operator has restored power to these pumps, and ensures that AFW and charging 
flows are coordinated by RO #1 and RO#2 at the remote shutdown panel.  [Also, see 
"Communications" above.]   
 

Timing analysis:12 

                                                            
9 Note: This is an assumption; it is not explicitly stated in the industry example, but it might be inferred from the 
information below. 
10 The industry example did not explicitly identify what communication is necessary.  Consequently, the NRC has 
added this discussion and specified what means of communication would be needed for an acceptable relaxation of 
the 0.1 case. 
11 Note: The industry example does not address this factor, making it difficult to know how it should be assessed.   
12 The industry timing analysis needed to be revised for the following reasons:  a) The NRC does not agree that Tcog 

can be zero, b) the math on calculating the time required, time available, and time margin (per NUREG-1921) is not 
fully displayed, and c)  using the available information, it does not appear that any of the actions have a time margin 
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A timing analysis is needed for required actions #3, #4, and #5, as summarized below.  
In all cases, the time margin, as defined in NUREG-1921 for the scoping approach, is 
equal to or greater than 2.   
 

Table: Time Margins Calculation for Example 1 Required Actions 
Timing input Task 3 Task 4 Task 5 
System window 
(Tsw) 

55 minutes 65 minutes 55 minutes 

Delay time (Td)  20 minutes 25 minutes 20 minutes 

Cognition time (Tcog) 2 minutes 2 minutes 2 minutes 
Execution time 
(Texe) 

5 minutes 5 minutes 10 minutes 

Time required13 7 minutes 7 minutes 12 minutes 
Time available14 35 minutes 40 minutes 35 minutes 
Time available - 
Time required 

28 minutes 33 minutes 23 minutes 

Time margin 4 5 2 
 
[Note: There should be parallel timelines (i.e., physical lines across the page with hash 
marks depicting key times) showing the Aux Building Operators two actions, and the 
BOP operator's action that must be completed before the Aux Building Operator can 
start CCW pumps and CCPs.] 
 

Feasibility assessment:15 
All required actions for this safe shutdown strategy have been assessed and determined 
to be feasible.  Details of this feasibility assessment are consistent with that described in 
NUREG-1921.  
 

Assessment of match with definition of 0.1 case: 
This example does not match the base definition of the 0.1 case because: 

1. Local operator actions are required. 
2. Multiple locations for operator actions are required. 
3. Time sequencing, and, therefore, coordination of actions is required. 
4. One field operator must perform actions in two different locations. 
5. There might be an impact on cognitive complexity due to a increased workload 

associated with communications and coordination of operator actions in multiple 
locations, including three actions performed in field locations. 

                                                                                                                                                                                                
greater than or equal to 2, which the NRC thinks is important to the definition of an acceptable relaxation of the 0.1 
case..] 
13 Time required is defined as the sum of the cognition and execution times. 
14 Time available is defined as the delay time subtracted from the system window. 
15 The industry's examples are not organized to separately discuss the feasibility assessment.  We will need to 
discuss that in the face-to-face.  Feasibility is assumed here in order to carry through this example. 
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However, the example does match up with acceptable alternatives, allowing use of 0.1 to 
represent all of the operator contributions to failure probability for this sequence or scenario.   
Namely: 

1. SRO is dedicated to command-and-control responsibilities, including any 
coordination of operator actions, thereby reducing potential workload on operators at 
the remote shutdown panel. 

2. While Aux Building Operator performs Task #4 and #5 at different locations, both of 
these actions are related to the same higher-level function of restoring injection (as 
timing analysis confirms an appropriate time margin).  Also, within a short timeframe, 
the order of these actions is not critical. 

3. While there are multiple locations, including local plant locations, actions between 
locations, 

j. There is only one ASP with no more than three accompanying local actions, 
ii. The actions are either independent or a coordination strategy compensates 

for their dependence, i.e.,  
a. each action location has all of the necessary cues/indications and 

controls needed  for successful performance, AND  
b. either they do not require any coordination or associated 

communication for successful performance, OR the SRO is dedicated 
to coordinating Task #3 with Tasks #4 and #5. 

 
 

 
5.0 Alternatives When "0.1 Case" Is Not Justified 
 
If neither the base definition or acceptable exceptions for the 0.1 case can be met, then 
alternative HRA quantification approaches must be used.  Detailed HRA is the obvious and 
preferable alternative.  However, the NUREG-1921 scoping approach might be helpful in some 
cases. Also, the NRC proposes a relaxation to the NUREG-1921 approach below. 
 
5.1 NUREG-1921 Scoping Approach 
 
Following the guidance provided in NUREG-1921, the scoping approach can be used for HRA 
quantification of safe shutdown strategies involving MCR Abandonment.  The scoping approach 
was specifically developed to develop HEPs that are less conservative than screening values, 
but less resource-intensive to apply then detailed HRA. 
 
As illustrated in the example attached, HEPs on the order of 0.1 can be obtained using the 
scoping approach for certain cases (especially when operator actions are required no less than 
30 minutes after reactor trip).    
 
The NRC also suggests a relaxation of the NUREG-1921 criteria for use of the scoping 
approach.  Namely, for those plants that can demonstrate that their ASP has a capability and 
design similar to that for the MCR, then the EXCR flowcharts can be used to develop HEPs.  
The EXCR flowchart provides lower HEPs than the ASD flowchart because the ASD flowchart 
assumes that both cognition and execution are affected by a lesser capability and design of the 
ASP.  
 
For both the as-published and relaxed applications of the scoping approach in NUREG-1921, 
additional guidance and examples could be developed to support such applications. 
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5.2 Detailed HRA 
 
The NRC recognizes that there is limited, specific guidance on how to perform detailed HRA 
quantification for safe shutdown strategies following MCR Abandonment. However, the existing 
discussions in NUREG-1921 in the qualitative analysis section (Section 4), quantification 
analysis section for the scoping approach (Section 5.2), and two appendices on detailed HRA 
quantification (Appendices B and C) can be coupled with the discussions above to support 
detailed HRA applications for MCR Abandonment cases  
 
As a supplement to existing guidance and this FAQ, the NRC would recommend, if multiple 
plant locations are involved in the safe shutdown strategy (especially, if coordination is 
required), that multiple associated timelines be developed, with notations in the timelines and 
associated explanatory texts on where there are potential dependencies between 
operators/timelines due to coordination, time-sequencing, hold-points, and so forth. 
 
However, the NRC also recognizes, as is stated in NUREG-1921, that HRA for safe shutdown 
strategies following MCR Abandonment can be a complicated analysis which is further 
exacerbated by the variety of plant designs and safe shutdown strategies, and, therefore, merits 
further research (probably as a cooperative effort between the NRC and industry). 
 


