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Introduction 

• USNRC’s Office of Research (RES) has initiated 
a site-wide, multi-hazard Level 3 PRA project 

• Because of the variety of PRA hazards and 
associated contexts that need to be addressed, 
there are some new HRA problems to address 

• This paper lays out a logical process for 
understanding and defining the new HRA 
problems and issues  

• This paper provides a “snapshot in time” of work 
NRC’s expected approach 



HRA Process Steps 

• HRA always must be performed following a set of steps, 
or process 

• The general HRA process adopted for NRC’s Level 3 
PRA project is based on the EPRI/NRC-RES Fire HRA 
Guidelines (NUREG-1921), and ATHEANA 

• These steps are: 
1. Define issue 
2. Define scope 
3. Qualitative analysis 
4. Identify and define human failure events 
5. Quantification 
6. Recovery analysis 
7. Dependency analysis 
8. Uncertainty analysis 
9. Documentation 

 
 



Pre-Analysis Before HRA 
Can Begin 
• Because almost all HRA approaches, methods, and 

quantification tools have been developed for “internal 
events” for nuclear power plants during at-power 
operations, HRA support for multi-hazard risk and Level 
2 PRA must recognize that: 
 HRA will need to be performed differently 
 Different types of human performance will need to be modeled 
 Different contexts for human performance need to be addressed  

• In order to best understand these differences, we need to 
do our “homework” or some pre-analysis investigation 

 



Examples of Pre-Analysis 

• For any technology or PRA type, a new HRA 
“knowledge-base” should be developed, consisting of: 

1. Understanding of operational experience, and 
2. Development or use of explanatory, psychological models 

and literature. 
Both must explain how and/or why human behave  

• Examples of knowledge bases: 
•At-power, internal events NPPs in ATHEANA, NUREG-1624, 
Rev. 1 
•Spent fuel handling (NUREG/CR-7016 and -7017) 
•Unpublished fire research (including fire event reviews mentioned 
in paper) 
•THERP (as a “travel log” of Swain and Guttman’s investigation 
of US NPPs in 1970s and earlier 

 



Level 2 HRA Pre-Analysis 
To-Date 
• Inputs to the Level 2 HRA (L2HRA) knowledge 

base, such as: 
•Westinghouse training course on Severe Accident 
Management Guidelines (SAMGs) 
•NRC Inspection Reports on SAMG implementation 
•Relevant conference papers and other prior experience 
•Plant-specific SAMGs and other procedures 
•Review of Great East Japan Earthquake and its effects 
on Fukushima Nuclear Power Stations 

 



L2HRA Pre-Analysis: Examples 
of Insights To-Date 

• Errors in decision-making may occur due to lack of information or lack 
of understanding plant conditions 

•  Decision-making errors may originate in the Technical Support Center 
(TSC) or with outside organizations 

• High stress (including concerns for personal safety) may need to be 
addressed 

• Accident progression timing will need to be addressed differently due 
to: 
•Overall, longer duration events 
•Longer times to perform recovery actions and delays in developing 
decisions 

• Feasibility of actions (especially outside the control room) needs to be 
assessed by considering, for example, 
•Accessibility 
•Hazardous conditions 
•Lack of training and procedures 

 
 

 



How Will HRA Need to Be Different?  
Table I: Implications of Pre-Analysis 
Results  

HRA issue Level 1, internal events Multi-hazard, Level 2 
Type of 
prepared 
plans 

Emergency Operating 
Procedures 

SAMGs (guidelines): 
1) Severe Challenge Guidelines (if 
there is an active fission product 
release) 
2) Severe Accident Guidelines (if 
there is not) 

Format and 
usage of 
plans 

Follows requirements for 
formatting and logic (e.g., 
series of steps with 
associated actions in left 
column, "non-response 
obtained" column on right); 
verbatim compliance 
required 

Does not follow formatting and 
logic requirements (e.g., priorities 
rather than steps; several possible 
strategies listed for each); verbatim 
compliance not applicable 

Users of 
plans 

Control room operators/crew Technical Support Center for 
decision making; implementation 
by control room operators and field 
operators 

Training on 
plans 

Simulator training every two 
years for many PRA 
initiators 

Initial classroom training; refresher 
training in classroom or self-study 
every two years; simulator cannot 
support training; few US NPPs 
have used during Emergency 
Planning exercises.  



How Will HRA Need to Be Different?  
Potential Impact on HRA Process 

• Preliminarily, four (4) impacts on HRA process steps are 
expected: 

1. Step 1 - Define Issue: More extensive pre-analysis will be 
required, as compared to traditional NPP PRA applications 

2. Step 3 - Qualitative analysis: Additional HRA qualitative 
analysis tools and approaches may be needed to address the 
issues in Table I 

3. Step 4 - Identify and define human failure events: Traditional 
definitions of “success” and “failure” may not be meaningful, 
especially since each SAMG priority may have multiple 
suggested strategies with differing potential outcomes 

4. Step 5 – Quantification: Detailed explanations will be needed 
since existing U.S. HRA methods do not match well with the 
issues in Table I. 

 



Conclusions, Status, and 
Future Work 
• NRC’s multi-hazard, Level 2 PRA will require 

leveraging and expansion of existing HRA 
practices and methods 

• Substantial work has been done on “pre-
analysis” specifically for Vogtle plant site 

• However, final decisions on HRA models and 
approaches for Level 2 HRA, including multi-
hazard risk, is in process or just beginning 

• Future work will have publication limitations due 
to plant proprietary information 
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