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Considerable guidance exists for eliciting expert 
judgment in support of probabilistic risk assessment 
(PRA). However, as illustrated by a recent exercise 
addressing the likelihood and duration of fire-induced 
electrical circuit failures, there appears to be room for 
improvement. More broadly, the current guidance 
provides considerable flexibility in implementation that 
could lead to different elicitation approaches, leading to 
different sets of information provided to decision makers. 
The U.S. Nuclear Regulatory Commission (NRC) staff, 
per Commission direction, is currently developing 
comprehensive guidance regarding the use of formal 
expert judgment in regulatory applications. The staff 
intends to pilot that guidance in its assessment of the 
likelihood of interfacing systems loss of coolant accidents, 
performed as part of the NRC’s ongoing Level 3 PRA 
project for the Vogtle plant.  
 

 
I. BACKGROUND AND OBJECTIVE 

 
As with most other engineering analyses used to 

support decision making, probabilistic risk assessment 
(PRA) relies heavily on expert judgment when developing 
models and when identifying and interpreting potentially 
relevant data used in quantifying the parameters of those 
models. In addition, PRA studies may use expert 
judgment in the direct estimation of model parameter 
values. Such an approach is needed, for example, when 
addressing rare events for which: a) directly applicable 
empirical data are sparse, and b) the relevant technical 
community does not have a common understanding of the 
underlying phenomena. The American Society of 
Mechanical Engineers (ASME)/American Nuclear 
Society (ANS) PRA Standard provides broad 
requirements governing the use of expert judgment.1 The 
process of eliciting expert judgment is referred to as 
expert elicitation, which includes examining available 
data and models, eliciting individual judgments and 
evaluating other experts’ judgments, integrating different 

opinions, and estimating uncertainties. Guidance for 
eliciting expert judgment in a structured manner aimed at 
addressing known sources of potential bias is provided in 
a number of reports, notably NUREG/CR-6372.2 
However, studies indicate that variations in implementing 
this guidance may lead to significant differences in 
results.3,4  

In 2012, the Commission directed the U.S. Nuclear 
Regulatory Commission (NRC) staff, via Staff 
Requirements Memorandum SRM-SECY-11-0172, to 
develop comprehensive guidance regarding the use of 
formal expert judgment in regulatory applications and to 
pilot that guidance the NRC’s ongoing Level 3 PRA 
project for the Vogtle plant.5 

The purpose of this paper is to discuss: a) lessons 
from a recent expert judgment exercise addressing the 
likelihood and duration of fire-induced electrical circuit 
failures, and b) the staff’s ongoing work and future plans 
for improving the elicitation process in accordance with 
the Commission’s directions. 

 
II. FIRE-INDUCED ELECTRICAL CIRCUIT 

FAILURE 
 
Although anecdotal information from operational 

events indicates that fire-induced spurious actuations of 
equipment are possible,6 the risk significance of such 
events has long been an important source of uncertainty in 
the results of fire PRA studies.7,8  In 2002, the Electric 
Power Research Institute (EPRI) and Nuclear Energy 
Institute (NEI) completed a research project to improve 
the understanding of fire-induced circuit failures of 
typical nuclear power plant cables and circuits (primarily 
control cables and circuits powered by an alternating 
current – ac – source) with a focus on failure modes that 
could lead to spurious actuation of equipment, and to 
quantify the likelihood of these failure modes.9 The 
quantification process involved the elicitation of 
judgments from a panel of experts.10 
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In 2008 and 2012, the NRC’s Office of Nuclear 
Regulatory Research (RES) completed confirmatory 
testing programs that complemented the EPRI/NEI 
testing.  The NRC testing provided data on specific fire-
induced failure modes for ac and dc control circuits.11,12   

In 2012-2013, RES and the Electric Power Research 
Institute (EPRI) jointly sponsored a complementary 
exercise of eliciting expert judgment aimed at cables and 
circuits not addressed in the 2002 EPRI/NEI project 
(notably control cables and circuits powered from a direct 
current – dc – source). The purpose of the elicitation was 
to assess the conditional probabilities of spurious 
operations of various control circuit applications and the 
associated durations, conditioned on (“given”) fire 
damage to electrical cables. The elicitation was performed 
subsequent to and building upon a Phenomena 
Identification and Ranking Table (PIRT) exercise, an 
expert panel activity aimed at qualitatively identifying 
control circuit configurations vulnerable to fire-induced 
failures and hot short-induced spurious operation of 
control devices.13  

 
II.A. Elicitation Approach 

 
As discussed in NUREG/CR-7150 Vol. 2 (EPRI 

3002001989), the elicitation involved a panel of ten 
experts possessing collective expertise in electrical 
circuits, post-fire safe-shutdown circuit analysis, fire 
PRA, and reliability modeling.14 Five of the panelists 
came from the NRC and its contractors (National 
Laboratories); five came from the nuclear power industry. 
Following the guidance provided by the Senior Seismic 
Hazard Analysis Committee (SSHAC) in NUREG/CR-
6372, the panelists were assigned specific roles, namely 
to: provide (and defend) probability and duration 
estimates; provide supporting technical information (e.g., 
regarding the details of past experiments and analyses); 
integrate the various expert estimates; and review both the 
execution of the elicitation process and its results. (Some 
panelists were assigned dual roles, as needed by the 
project.) In accordance with the fundamental principles 
established by the SSHAC, the elicitation was aimed at 
developing probability distributions representing the 
state-of-knowledge of the informed technical community, 
and not just that of the expert panel. 

NUREG/CR-6372 describes four levels of increasing 
sophistication (and effort) for conducting  elicitation of 
expert judgment. The circuit analysis elicitation was 
conducted as an enhanced SSHAC Level 2 process. In 
particular, as compared with a standard Level 2 process 
(see Table 1), the elicitation involved the interaction of 
experts via in-person workshops and a Technical 
Integrator (TI) team rather than a single TI. Also, of 
particular interest to this paper, the elicitation involved a 
Participatory Peer Review Panel (PPRP) comprised of 
three of the authors of this paper. 

TABLE I. Elicitation Process Characteristics 

Attribute SSHAC Level 2 Circuit Analysis 
Elicitation 

Technical 
Integration  Individual Team 

Information 
Collection  

Informal 
interactions with 
proponents and 
resource experts 

In-person 
workshops 

Peer Review Either late-stage or 
participatory 

Participatory 
(addressing 
technical subject 
matter and 
elicitation process) 

  
The PPRP was charged with providing feedback to 

the project members during the course of the study on 
both technical and SSHAC process matters. To 
accomplish this, the PPRP members participated in 
project meetings and workshops to provide comments and 
suggestions during group discussions. These comments 
and suggestions covered the goals of the SSHAC process, 
the project’s implementations of that process, and various 
technical issues regarding modeling and computation. The 
PPRP also supported the development of the project’s 
training materials. The PPRP observations and 
conclusions were documented in Appendix F of 
NUREG/CR-7150, Volume 2. Key lessons relevant to the 
development of future guidance are discussed below. 

 
II.B. Elicitation Lessons 

 
In general, the PPRP found that the elicitation 

approach used by the project was reasonable for the 
problem and the approach was reasonably executed. The 
goals of the elicitation process and the participants’ 
various roles in achieving these goals were clearly 
communicated, and the participants performed in 
accordance with their roles. The workshop interactions 
were constructive (viewpoints were supported with 
technical arguments, challenges to proponent positions 
were generally made to enhance group understanding) 
and the participants exhibited appropriate levels of 
flexibility in their positions following group discussion. 

However, the PPRP also identified a number of 
potential weaknesses.  These weaknesses were not judged 
to be sufficiently great to significantly affect the central 
tendencies of the quantities addressed by the elicitation, 
but were likely to affect the uncertainty in a few of the 
derived community distributions for those quantities. 
These weaknesses involved incomplete coverage of all 
elicitation cases by all experts, the panel’s predominant 
focus on spurious operation probabilities (vs. durations), 
and the use of mathematical simplifications in 
representing individual and community distributions.  In 
particular, the PPRP observed:  



• The expert panel (referred to as the “PRA panel” in 
NUREG/CR-7150 Vol. 2 to distinguish it from the 
panel of experts participating in the PIRT exercise) 
was charged with developing estimates (including 
uncertainties) for 23 cases. Some of the participants  
did not address all cases. The distributions derived 
for cases involving limited panel input are likely to 
underrepresent the full range of uncertainty of the 
informed, technical community. 

• Although the expert panel was charged with 
estimating the likelihood of both spurious operation 
occurrences and durations, the panel spent most of 
its time on the former (the treatment of occurrences) 
and developed only two distributions for spurious 
operation duration (one for ac circuits and one for dc 
circuits). Moreover, the parameters characterizing 
these duration distributions were treated as single 
values (estimated by averaging inputs from 
participants), rather than as distributed quantities. 
The stated uncertainties in the spurious operation 
duration distributions likely underrepresent the full 
range of uncertainty of the informed, technical 
community.a  The expert panel felt the lesser effort 
spent on duration to be reasonable.  Most PRA 
success criteria for recovery events involve failure 
times longer than 10 minutes (typically 15 minutes 
to 60 minutes). As indicated in Figure C-5 of 
NUREG/CR-7150 Vol. 2, this is well after the point 
where potential complementary cumulative 
distribution functions (CCDFs) intersect with 
potential expert-estimated “floors.” b  Thus, further 
refinement of the early portions of the CCDF was 
unlikely to significantly affect practical analysis 
results. This situation illustrated how application 
knowledge could be used to focus expert panel 
efforts.  

• In order to develop results in a form that could be 
easily used by current PRA software, the project 
placed a heavy emphasis on using a standard 
probability function (the beta distribution) to 
approximate the spurious operation probability 
distributions of individual experts and of the panel 
as a whole (as represented by selected percentiles). 
In some cases, because of the limited flexibility of 
the beta distribution, choices had to be made as to 
which portions of the experts’ distributions should 

                                                           
a  Based on general principles, it can be expected that 
further efforts to characterize uncertainty could shift the 
central tendency of the distribution as well as increase its 
breadth. 
b The “floor” represents a time-invariant portion of the 
CCDF. It models situations where the hot short is treated 
as having, for all practical purposes, an infinite duration, 
and therefore provides a minimum probability of circuit 
failure. 

be emphasized in the fitting process.  In a few cases, 
the use of the beta distribution may have masked 
situations where multi-modal distributions 
(representing the possibility of distinct, competing 
“models of the world”) accurately represent the 
current state of knowledge.  It is not clear whether 
the use of the beta distribution artificially increased 
or decreased the panel’s representation of the range 
of uncertainty.  

The preceding observations arose, at least in part, 
from practical resource constraints, particularly the time 
each expert could spend participating on the panel (either 
in elicitation workshops or doing work between 
workshops). Planners of future elicitations of expert 
judgment should: a) recognize that the careful expression 
of judgment is a time-consuming and possibly fatiguing 
process,c especially when directly relevant data are sparse 
or non-existent, b) consider how many uncertain 
parameters can be realistically elicited given available 
resources, d  c) prioritize the uncertain parameters for 
judgment, and d) consider what should be done in PRA 
applications regarding the parameters that are not covered 
by the elicitation. 

The PPRP also noted a number of potential training- 
and guidance-related recommendations for future 
elicitation exercises. These arose from observations 
regarding: expert qualms in providing numerical 
estimates, the degree of discussion needed for relatively 
data-rich cases, the need to assess the relevance of 
available empirical data, expert calibration, and practical 
means for addressing well-known sources of bias (e.g., 
the anchoring and adjustment heuristic). 
• Initially, a number of experts were reluctant to 

express their judgment for cases for which test data 
were lacking. Some appeared to question the 
premise of the elicitation process, dismissing their 
own expertise (e.g., via statements such as “I have 
no basis to quantify”) even when they had opinions 
regarding phenomenology and expected trends. 
Over the course of the project, most of the experts 
appeared to become more comfortable with the 
process. Nevertheless, the panel employed various 
strategies (e.g., grouping of cases, excluding cases) 
to avoid providing estimates for a number of data-
poor situations. Recognizing that the experts’ 
reluctance to provide estimates based on holistic 
judgments (rather than discrete, easily identified sets 
of test data or mathematical model predictions) may 
be difficult to change, the training portion of future 

                                                           
c  “Meeting fatigue,” arising from prolonged elicitation 
sessions often involving vigorous discussion of strongly-
held views, can easily affect the quality of the elicitation. 
d This number is likely to be highly situation-dependent, 
as it will be affected by such things as the form of 
supporting data and the similarity between cases. 



elicitation projects should nevertheless spend more 
time addressing panelist qualms and empowerment. 

• As a likely side effect of the experts’ reluctance to 
express their judgments concerning data-poor cases, 
the experts spent a considerable amount of time 
discussing situations for which there were relatively 
ample data. Although there were some differences 
between the experts’ estimates (due to differences in 
interpretations and treatments of the data), these 
differences were relatively minor. (For example, in 
one case, the experts’ best estimates for a spurious 
actuation probability ranged from 0.57 to 0.72.) 
Future elicitation projects should try to ensure that 
the panel spends a greater fraction of time on issues 
of greatest uncertainty. The training for such 
projects should address the sensitivity of parameter 
estimates to changes in data sets. For example, for a 
given sample size, what kinds of changes are needed 
to make a large difference in the estimate? (Or, 
similarly, the extent to which changes in the 
parameter of interest can explain changes in the 
observed data). Such training can also help avoid 
expert overcompensation for the overconfidence 
biases that were identified in the project’s training 
activities. 

• A number of times over the course of the project, it 
was useful to remind the experts that even in 
situations where empirical data are available (e.g., 
as the result of a testing program), their expert 
judgment was needed in assessing the relevance of 
that data to the practical (field) situations of interest. 
Future training should emphasize this point. 
Mechanical processing of empirical data using 
standard statistical techniques without appropriate 
consideration of field conditions may not result in 
appropriate representations of parameter central 
tendencies, let alone uncertainties.   

• The expert elicitation training for the project 
included a calibration exercise intended to provide 
the experts with some calibrated practice in 
quantifying their beliefs regarding event 
probabilities. The particular exercise involved 
predicting the results for a number of events in the 
2012 Summer Olympic Games. This exercise, 
although potentially of interest to some panelists, 
was not particularly analogous to the technical 
problem faced by the project since it involved the 
outcome of a one-time event (as opposed to the 
outcome of a repeated series of trials). The exercise 
was not performed by a number of panelists. Future 
elicitation projects should employ training exercises 
more closely aligned to the problem at hand. 

• In addition to the previously mentioned grouping of 
cases and exclusion of others, the experts used a 
number of heuristics to simplify the judgment 
process. One of the most common heuristics used 

was “anchoring and adjustment:” the identification 
of a similar situation for which an estimate was 
already available, and then adjusting that estimate 
(the “anchor”) to account for differences between 
the case at hand and the anchoring case. As pointed 
out by the project’s training sessions, the anchoring 
and adjustment heuristic is a potentially important 
source of bias; the anchor may be incorrectly 
selected, the adjustment may be insufficient, or 
both. Nevertheless, the experts appear to have little 
else to rely upon when addressing a situation for 
which they have no directly applicable data. Future 
elicitation training materials should re-examine 
guidance in this area, including the implications of 
different adjustment strategies (e.g., using absolute 
values versus relative values or percentages or such 
approaches as “splitting the difference” between 
bounding estimates). 

Regarding the conduct of the elicitation sessions, the 
PPRP made a number of observations and related 
recommendations. 
• As discussed earlier, one simplification employed 

by the expert panel involved the pooling of hot short 
duration data. This simplification, which reduced 
the number of parameters to be estimated, was 
facilitated through the use of statistical tests 
determining whether it is appropriate to model a set 
of data as coming from the same underlying 
population. These same tests identified statistical 
outliers (i.e., data that don’t appear to belong to the 
population) which were explicitly discussed and 
dispositioned by the panel. It should be recognized 
that empirical data can reveal realistic behaviors not 
included in models and that, therefore, data outliers 
should not be discarded based solely on statistical 
arguments. As was the case in this project, future 
elicitations should ensure that any data screening be 
done with caution, that the screening has a sound 
phenomenological or practical applications basis, 
and that the basis be carefully documented. 

• In one case (the treatment of motor operated valves), 
the panel did not, at the beginning of the project, 
have a common understanding of what constituted a 
“spurious operation.” This common understanding 
was developed after considerable discussion. 
Recognizing that analogous situations might arise 
dynamically over the course of any project, 
nevertheless future elicitation projects should try to 
ensure that the subjects of the expert judgment are 
clearly defined prior to engaging the expert panel. 

• In a number of cases (involving the spurious 
operation of motor-operated valves, the treatment of 
“double break” circuits, and the duration of a 
spurious operation), the elicitation process required 
estimates for a parameter that was not directly 
elicited. Instead, the parameter was represented as 



the output of a mathematical model whose 
parameters were the ones actually elicited. The 
PPRP noted that: 
o The SSHAC process allows (and calls) for 

experts to bring their models to the workshop 
discussions. The experts can agree upon a 
consensus model, but care should be taken to 
ensure that the workshop discussions do not 
force a consensus model.  

o When using a mathematical model for the 
parameter of interest, the probability 
distribution for that parameter is a 
mathematical function of the distributions for 
the elicited parameters. When developing a 
project team, care should be taken that the 
team has sufficient expertise (or access to such 
expertise) to understand how the project’s 
chosen software tools develops the output 
distribution, what are the potential cautions in 
using such tools, and how to develop the 
distribution if a software solution is not readily 
available. 

• Although the project’s TI team requested that the 
experts provide their estimates in the form of a set 
of pre-designated quantiles, e  some of the experts 
had alternate, preferred ways of expressing their 
uncertainties and didn’t always comply with the TI 
requests. It should be recognized that quantitatively 
expressing one’s uncertainties on a particular matter 
involves a certain degree of introspection, and that 
many analysts do not think naturally in terms of the 
quantiles requested by the TI team. Future 
elicitation projects continue to provide guidance as 
to the desired format for reporting uncertainties, but 
remain flexible in accepting expert input in the form 
the expert feels most representative of his/her 
beliefs. Furthermore, as discussed earlier, the project 
should ensure that any mathematical representations 
of these beliefs do not unduly distort the beliefs for 
the sake of convenience. 

• Finally, the PPRP noted that the project 
demonstrated a number of good practices for 
eliciting expert judgment. These practices are worth 
emulating in future elicitation projects. 

• At every elicitation session, remind the participants 
regarding:  
o the basic SSHAC philosophy of developing a 

community distribution (not the “right 
answer”); and 

o the participants’ assigned SSHAC roles (be it 
technical integrator, resource expert, 
proponent, or participatory peer reviewer). 

                                                           
e These quantiles were suggested by the TI team’s review 
of the literature on expert elicitation. 

• Encourage participants to openly share their point of 
view, even if it is not shared by others. Find ways to 
help an expert overcome his/her reluctance to 
quantify his/her beliefs even when test data or 
mathematical model predictions are not available. 

• Ensure panel discussions include adequate 
consideration of application issues, including: a) the 
effect of potentially key differences between test 
and field conditions when interpreting test data (e.g., 
hundreds of conductors in a typical tray versus 10 in 
a typical test; a predominance of one particular 
polarity in the field versus an even polarity 
distribution in a typical test), and b) how the elicited 
expert judgments are likely to be used in PRA 
studies. 

• Ensure panel discussions include adequate 
consideration of previous, relevant efforts (e.g., the 
PIRT panel discussions in this case).  

• Perform sanity checks to ensure the estimates are 
consistent with the experts’ beliefs. 

• Check elicited and derived estimates for 
implications regarding the random variable (e.g., the 
number of failures in a set of trials), not just the 
parameter (e.g., the failure probability). 

• Check estimates for trends across cases and 
determine if there is a justification for those trends. 

• Check uncertainty representations for consistency 
with the amount of information. (In general, the 
uncertainties should be larger when less 
information, including data from tests and 
information regarding actual plant conditions, is 
available.) 
 

III. ONGOING WORK AND FUTURE PLANS 
 
The preceding discussion shows that, although useful 

guidance for conducting expert elicitations in support of 
PRA is available for staff use (in particular, see 
NUREG/CR-6372 and NUREG-2117 [Refs. 2 and 3]), 
additional guidance should be useful for practical 
implementation. The NRC staff is, per Commission 
direction, currently developing comprehensive guidance 
regarding the use of formal expert judgment in regulatory 
applications. This guidance will be based on the SSHAC 
process, as discussed below. 

 
III.A. Literature Review 

 
As a first step in developing the guidance, we have 

reviewed the relevant literature and documents as follows:  
 

• Scientific literature in the areas of cognitive bias, 
decision-making, cognitive research of judgment, 
uncertainties, knowledge elicitation, 

 



• the previously mentioned NUREG/CR and NUREG 
reports providing guidance for conducting expert 
elicitations, 

• NRC reports on past studies that used expert 
judgment,  

•  expert elicitation practice and guidance developed 
by other domestic and international organizations.   

 
Our findings from the review are as follows: 
 

a. The literature provides a wealth of information on 
research results and lessons learned regarding such 
things as the facilitation of discussions/interactions 
to ensure the experts’ common understanding of 
the problem, expert biases and mitigation, and 
uncertainty analysis. Such information constitutes 
the technical basis for improved guidance. 

b. Many U.S. Federal organizations and international 
organizations also have published guidance for 
expert elicitation. The various guidance documents 
describe essentially the same flowchart of 
elicitation steps as described in the SSHAC 
NUREG/CR reports; the guidance varies in 
terminology and the details of implementing the 
process. 

 
III.B. The SSHAC Process 
 

As exemplified in the circuit analysis discussion in 
Section II of this paper, NRC’s recent expert elicitation 
efforts have focused on the use of the SSHAC process. 
Other examples include an elicitation performed to 
support the ongoing Integrated Decision Tree Human 
Event Analysis System (IDHEAS) project15,16  and the 
NRC’s ongoing Level-3 PRA project.17,18  

The SSHAC process is a formal, structured, 
interactive process for conducting expert judgment on 
complex technical issues.  The process allows for four 
levels of elicitation varying in complexity and resource 
demands.  For all four levels, the central process includes 
the following elements: 

 
1) Preparation – Develop the problem statement, 

project plan, expert panel, reading material, 
package of data available, and workshop 
procedures and worksheets. 

2) Piloting/Training – Ensure that all of the experts 
understand the problem and the specific quantities 
to be estimated, the intended use of the elicitation 
outcomes, the elicitation process itself, and the 
participant’s roles and responsibilities. Also ensure 
the experts understand how to use probabilities in 
representing the uncertainties in their judgment if 
the outcome includes probability estimation.  

3) Interactive and structured workshops: 

a. Evaluate the available evidence (typically 
models and data) and elicit the experts’ 
experience, knowledge, and interpretations, 
emphasizing the uncertainty factors.  

b. Develop, assess, and revise interpretations and 
judgment through interaction.  

c. Integrate individual judgments, assess and 
revise the integration process and results.    

4) Participatory peer review – Review the treatment 
of technical issues associated with the elicitation 
subject and the implementation of the chosen 
elicitation approach throughout the process. 

 
The essential philosophy of SSHAC is that the 

outcome of the elicitation process represents the 
distribution (i.e., the center, body, and range) of the 
knowledge or interpretations by the informed technical 
community.  

SSHAC embeds the following principles:  
 
• Structured - The structured process facilitates 

elicitation and minimizes biases.  
• Breadth of State-of-Knowledge –  The experts (as 

representatives of the informed technical 
community) evaluate all the  available evidence 
(e.g., numeric data, models, theories, and 
scientifically accountable positions) to make their 
judgment.   

• Independence – Judgment is based on knowledge 
and individuals’ expertise; it is not influenced by the 
organizations that the experts represent. 

• Interaction – The process of evaluation, elicitation, 
and integration is achieved through interaction 
among the experts with an emphasis on addressing 
uncertainties in the problems being judged. 

• Integration - The process emphasizes integration 
(rather than consensus) of individuals’ 
interpretations or judgment.  

 
Despite its strengths, SSHAC has three major 

limitations that impact its application. First, the SSHAC 
guidance delineates a rigorous elicitation process without 
explaining the underlying technical basis.  Thus, users 
often have difficulty in implementing the guidance.  For 
example, SSHAC specifies four levels of the elicitation 
process for users to choose without explaining the 
fundamental differences between the levels and the 
sensitivity of the outcome to the level chosen.  Second, 
although the SSHAC process attempts to reduce resource 
requirements, by defining four levels, nevertheless 
implementation of the guidance requires significant 
resources.  SSHAC provides quality assurance through a 
balanced expert panel, interactive workshops to evaluate 
all available data and technical positions, transparent 
documentation, and participatory peer review. This 
requires the involvement of many types of experts, 



management and documentation of the expert 
interactions, and time for the workshops (including 
travel).  Potential SSHAC users often find that they 
cannot afford a complete SSHAC process, and there is no 
guidance for simplifying or deviating  from SSHAC 
specifications.  Third, the current SSHAC guidance in 
NUREG/CR-6372 (Appendix J) provides only high level 
guidelines for the process; it relies on users to interpret 
the guidelines and fill in details. Depending on the users’ 
experience and the specific application, this “fill-in” 
process may introduce substantial variations in the 
elicitation outcomes.  

 
III.C. Guidance Development Approach 

 
Having assessed the strengths and limitations of 

SSHAC, the project team is using the following goal for 
its guidance development: Preserve the SSHAC process 
and principles while allowing flexibility in the 
implementation of the process.  The project is currently 
pursuing the following framework for its final product:  

 
• The central part of the product consists of the 

SSHAC process and principles, extending the 
guidance in NUREG/CR-6372 with enhanced 
details on implementation. 

• The product will include a documented technical 
basis that will elucidate the scientific foundation 
underlying the SSHAC process and principles; this 
should help users to consistently apply the SSHAC 
principles yet implement the process flexibly with 
justification. 

• The product will also include a supplemental 
SSHAC implementation toolbox that will provide 
templates, tips, questions and answers for consistent 
and easier implementation of SSHAC.  

 
It is interesting to note that although the initial project 

intention was to develop its guidance by integrating 
existing guidance from a variety of sources (and thereby 
taking advantage of the strengths of the various 
documents), we have found that SSHAC stands out for its 
comprehensive, formal, structured process; its successful 
applications; and its embedded principles that are rooted 
in scientific literature. When comparing the scope, 
strengths, and limitations of other guidance documents; 
we find that SSHAC essentially possesses all the strengths 
of the guidance reviewed and offers capabilities to cope 
with the limitations of other guidance and some issues 
revealed in past use of expert judgment.  

For example, in the NRC’s NUREG-1150 study 
(before the SSHAC guidance was published), which used 
expert elicitation in addressing a number of technical 
issues arising in the assessment of severe accident risks, 
the experts debated  such questions as: 
 

• Should each expert be expected to only present 
his/her own perspectives, or should they also 
consider the perspectives of other experts? If the 
latter, should they comment on why they agree or 
disagree with other experts?  

• Should the experts be elicited independently from 
the other experts? The concern was that one expert 
could unduly influence the others, thereby resulting 
in a biased result. 

 
These questions have been addressed in the SSHAC 

guidance: the process requires that the experts consider 
and evaluate other experts’ inputs yet the experts do not 
have to agree with each other because the final output is a 
community distribution, i.e., a distribution intended to 
represent the view of the informed technical community. 
rather than a consensus of the elicited experts. The 
SSHAC process also assigns explicit roles and 
responsibilities to the experts to facilitate elicitation while 
minimizing biases.  

The project team is taking a progressive approach to 
develop and pilot the guidance described in the 
framework. 

 
1) The project team reviews relevant literature and 

existing guidance, identifies strengths and 
limitations, and develops a technical basis for 
conducting expert elicitation. 

2) The team identifies the NRC’s on-going and 
upcoming PRA projects where formal expert 
judgment is needed or being contemplated. 

3) For selected PRA projects, we work with the PRA 
project team to develop SSHAC implementation 
procedures and provide technical support using the 
current SSHAC guidance for the main process and 
other guidance documents  as well as the staff’s 
experience with implementation details from 
previous expert elicitation activities. 

4)  Throughout each selected PRA project, the 
guidance development team identifies issues and 
learned lessons, and then develops coping strategies 
and supplemental guidance materials (templates, 
tips) to pilot in the next PRA project. 

5) After all of the piloting, the guidance development 
team integrates the technical basis, the piloted 
SSHAC guidance, and the supplemental materials 
into a final report. 

 
III.D. Recent Activities and Planned Work 

 
To date, the guidance development team has been 

involved in three PRA projects for SSHAC piloting.  The 
first involves post-fire safe-shutdown circuit analysis, as 
described in Section II of this paper. The second involves 
the development of IDHEAS, the NRC’s new human 
reliability analysis (HRA) method; expert elicitation is 



being used to estimate a number of context-dependent 
human error probabilities used by that method. The third 
one involves the development of the systems model for 
interfacing systems loss of coolant accidents (ISLOCA), 
performed as part of the NRC’s Level-3 PRA project. In 
this last activity, the break size and location of an 
ISLOCA as well as the likelihood of common cause 
failures are highly uncertain, and can significantly impact 
potential radiological consequences. The project plans to 
use expert judgment to increase the understanding of the 
parameters and phenomena in ISLOCA.  

Some examples of the enhancements to SSHAC 
guidance and implementation materials identified from 
the piloting activities to date are as follows: 

 
• Selection of the SSHAC level.  SSHAC specifies 

four elicitation levels with specifications on the 
types of participants, number of workshops, 
resources, time required, and so forth. As discussed 
in Section II, the circuit analysis project used an 
“enhanced Level-2” (a mixture of Level-2 and 
Level-3) process. The IDHEAS project used a 
different mixture of the two levels. We plan to 
enhance the project’s final guidance by providing 
technical basis and guidelines for choosing mixture 
of levels while minimizing the potential negative 
effects.   

• Template and guidance for developing the project 
plan. As discussed in Section II, several lessons 
were learned from the planning of expert elicitation 
in the circuit analysis project. The staff took the 
lessons learned and developed a template and tips 
for preparing a detailed project plan. The template 
was piloted in the IDHEAS project and was proved 
to be very useful in ensuring that the project goal 
was achieved within the limited time resources.   

• Guidance, tips, and materials for expert training. 
SSHAC provides limited guidance on training. 
During the circuit analysis project, the participatory 
peer review identified a number of areas where 
training could be improved. Taking the lessons 
learned, the IDHEAS project exercised some 
training tips such as demonstrating how to estimate 
the uncertainties and integrate the uncertainty 
distribution. We plan to develop guidelines, 
materials, and tips addressing the Why/What/How 
of training conduct (e.g., how to train integrators 
and facilitators on eliciting uncertainty factors and 
quantifying uncertainty distributions). 

• Guidelines for the lead technical integrator. In a 
SSHAC process, the success of expert elicitation 
involving problems with high inherent uncertainty 
greatly depends on the lead technical integrator, 
who oversees the entire process, facilitates the 
workshops, and resolves technical issues. Many 
issues and good practices cited in Section II (e.g., 

encouraging participants to openly share their point 
of view, ensuring that panel discussions include 
adequate consideration of application issues, and 
ensuring that panel discussions include adequate 
consideration of previous, relevant efforts) rely on 
the lead technical integrator. The IDHEAS project 
incorporated the lessons and good practices in 
identifying the lead technical integrator (who was 
well experienced in both the SSHAC process and 
the technical subject of the elicitation) and defining 
the responsibilities as well as the work process.  The 
staff plans to develop detailed guidelines on to-do 
and do-not-do items for the lead technical integrator 
to ensure that the elicitation process follows SSHAC 
principles and achieves the project goals.  

 
In the upcoming ISLOCA project, the guidance 

development team will continue to pilot the SSHAC 
guidance and the supplemental implementation toolbox. 
Examples of topics to be piloted include:  

 
• Flexibility and justification in determining the 

SSHAC level. 
• Composition and balance of the expert panel 
• Template of the project plan 
• Training and exercise on participant roles and 

responsibilities, understanding and minimizing 
biases (especially the anchoring bias), and 
characterizing uncertainties.  

 
IV. CONCLUSIONS 

 
As directed by the Commission, the NRC staff is 

developing a comprehensive guidance document for 
eliciting expert judgment in a consistent manner in 
support of the agency’s regulatory decision-making. The 
project team has evaluated existing guidance and relevant 
literature, and is pursuing a course that enhances the 
existing SSHAC method. The enhancements involve 
refinement of the current SSHAC guidance, development 
of a detailed technical basis, and development of an 
implementation toolbox.  The project team is piloting the 
new developments in selected PRA projects where expert 
judgment is needed. This piloting has already identified a 
number of useful lessons for practical applications.  

We expect improved that the guidance resulting from 
this project will not only increase the consistency of 
expert elicitations but will also reduce the required level 
of effort for implementation and will help users avoid 
pitfalls. 
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