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ADVISORY COMMITTEE ON NUCLEAR WASTE
MINUTES OF THE JOINT WORKING GROUP ON EXPERT
JUDGMENT AND HUMAN INTRUSION
June 18-19, 1991
The Working Group on Expert Judgment and Human Intrusion was
convened by Working Group Chairman Paul W. Pomeroy at 8;30 a.m.
on Thursday, June 18, 1991 at 7920 Norfolk Avenue, Bethesda,
Maryland. Giorgio N. Gnugnoli was the Designated Federal Officer
for the meeting.
[Note: For a list of attendees, see Appendix I. ACNW Members,
Drs. D. W. Moeller, M. J. Steindler and W. Hinze were present.
ACNW consultant, Dr. David Okrent was also present.)
Chairman's Opening Remarks
Dr. Pomeroy identified the focus of the meeting on formal
(explicit) elicitation of expert judgment to support the
prelicensing and licensing process for a high-level radioactive
waste (HLW) repository. The human intrusion issue was identified
as the reference example for the meeting. Dr. Pomeroy
acknowledged that expert judgment was going to be used
extensively, so the question boils down to how it will be used.
He listed the topics for the first day of the meeting:
1.
2.
3.
4.
5.

Lessons learned in the NRC's Severe Reactor Risks Study
(NUREG-1150).
Regulatory and legal considerations in using expert
judgment in the licensing process.
Sandia National Laboratories (Sandia) studies on the
(WIPP)
future states of society.
Canadian perspectives on high-level waste disposal.
Applicability of expert judgment to the long-term
potential for human intrusion.

Dr. Pomeroy then listed five questions, which each of the formal
speakers were asked to address:
1.

How are experts identified and selected?

2.
3.
4.

How
How
How
the

5.

are the pertinent issues and questions selected?
are the mechanics of the elicitations carried out?
are the biases avoided/removed with respect to both
experts and the elicitors?
How is aggregation performed in a meaningful way?
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As a prelude to the next day's round-table discussion Dr. Pomeroy
asked each of the presenters and other interested parties to
consider three additional questions:
1.
2.
3.

What pitfalls are associated with the formal use of
expert judgment in the licensing process and how can
they be avoided?
What is (are) the preferred methods(s) for utilizing
formal expert judgment?
How can the formal use of expert judgment in
demonstrating compliance with the standards be
validated?

Dr. Okrent indicated concern that the NRC licensing staff was
hesitant with regard to reliance on "purely subjective" opinion
and that his past experiences in reactor probabilistic risk
analysis (PRA) indicate a reliance roughly on the order of 75% on
expert judgment.
M.
Cunningham. NRC/NRR
M. Cunningham began with some background information on the
NRC's Reactor Accident Risks Study (NUREG-1150). He noted that
the risks study evolved from an attempt to provide a risk
perspective for the source term (radioactive release) resulting
from a core meltdown. Among the many reviews of the first draft
of the risk report, one focused on the uncertainty analysis
method.
Mr. Cunningham noted that the long-term objective of performing
severe accident risk assessments at five nuclear plants was to
provide PRA models for generic use in research and security risk
evaluation; specifically in setting priorities. The primary goal
of this effort was to quantify the uncertainties in the risk
estimates. As a parallel benefit, the PRA tools were improved,
e.g., the offsite consequence analyses evaluation.
Dr. Pomeroy asked about the issues addressed by the expert panels
in the NUREG-1150 effort. Mr. Cunningham pointed out that the
NRC staff and contractors composed the list of issues, but that
the experts were subsequently allowed to modify the lists.
Dr. Budnitz pointed out that one of the objectives of the NUREG1150 effort was the risk reduction potential. He observed that
despite the robustness of the analysis, it was dropped from the
report because there was little in the nature of hardware
improvements that were worth implementing. Dr. Budnitz pointed
out that the lesson to be learned was that the objectives of any
cost-intensive, long-term study change as a function of time. He
relates this to expert judgment in that there is as much expert
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judgment in reducing the potential for risk as there is in
characterizing what the absolute risk is, but the former effort
is more robust than the latter. In other words, you can more
successfully reduce the risk potential than you can portray the
absolute risk itself, yet both efforts involve significant use of
expert judgment.
Mr. Cunningham proceeded with the four categories of the NUREG1150 elicitation: selection of experts, structuring of the
expert assessment, phrasing of questions and documentation. He
pointed out related criticisms that included:
1.
2.
3.
4.
5.
6.
7.

Lack of selection guidelines
Range of expertise was too narrow.
No training
Lack of structure in elicitation.
The distribution and uncertainties weren't
representative of the true range of variability in the
technical community.
Casting the judgment as discrete weights versus
probabilities, which resulted in overall confusion.
Preselection of the range of weights may have biased
the outcome.

Mr. Cunningham noted that in the second draft of the report,
improvements were realized in the breadth of choice of experts,
the formality of elicitation and in the documentation.
Commenters on the second draft noted the significant improvement,
but still raised concerns; e.g., what is the proper balance of
"empirical" data and science versus reliance on expert opinion?
Although formal expert elicitation is a useful tool, Mr.
Cunningham noted that its cost, its time-intensive nature and its
attendant uncertainty create significant obstacles to repeated
and iterative use.
Dr. Pomeroy asked whether dominant personalities on expert panels
might not implicitly weight the result. Mr. Cunningham
recognized that potential and tried to mitigate it in the
eliciting process; e.g., keeping the subjective probability
estimate from the open forum of the panel, yet allowing each
expert to discuss his/her technical opinion with the other
panelists. Dr. Keeney suggested that in cases of implicit
weighting by panel members, it is sometimes productive to require
each expert to formally write down their opinion and rationale.
This often makes such "gamesmanship" more transparent to the
normative expert or decision analyst.
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Dr. Okrent questioned whether decision analysis and group
psychology techniques could be significantly relied upon to be
consistently dependable mechanisms to identify and/or root out
conscious or subconscious biases.
F. Harper. Sandia National Laboratories
Dr. Harper began with some expert judgment "truisms"; e.g., the
careful analysis of expert judgment measures what we are
uncertain of and what we know or cannot know. He pointed out
that expert judgment is frequently used to assess uncertainty and
that this assessment was a "snapshot" assessment, which would
evolve with time. Although expert judgment (implicit and
explicit) pervades all complex, technical analysis, there is some
concern in the scientific community that it is used as a
substitute for experimentation and observation.
Dr. Harper proceeded with an example of the almanac quiz to
sensitize experts to the uncertainty in estimation (overconfidence). When properly trained to the potential pitfalls in
elicitation, the experts become effective synthesizers of
available, sometimes conflicting, information, rather than
substitutes. Ultimately, the goal is to encode the experts'
opinions into probability distributions, which could allow
mathematical manipulation (modeling) of that information. Dr.
Judd also observed that such quantification also improved
communication, specifically with the decision maker(s).
Dr. Okrent asked about any preference regarding the balance in
the composition of the panel; i.e., lots of experts with a
relatively shallow knowledge of a subject versus a few experts
with relatively deep knowledge of a subject. Dr. Pomeroy
observed that it will be necessary to explain that rationale for
excluding generalists to the public. Dr. Keeney observed that
the information from the panels was "integrated" by different
people with expertise different from the panelists; thus
implicitly introducing some degree of "breadth" into the process.
Dr. Hinze was concerned that in bringing a "generalist" panel
member up to speed in a subject area, biases would be introduced
in the training process. Dr. Harper indicated that in all of the
panels, but one, an exhaustive collection of the relevant
literature was provided to each panel member. A broad
perspective was presented to the panelists, including "short
courses" during communal sessions. Dr. Hinze was interested in
any demonstrated techniques to measure the level of bias
introduced in the "bringing-up-to-speed" of the generalists. Dr.
Harper indicated that there are, but that such mechanisms were
not feasible in the NUREG-1150 study. Dr. Harper indicated that
the only way to account for "institutional" bias was to select
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experts with diverse perspectives; i.e., cancelling out any
dominant institutional bias. Some have suggested that even that
is "fixing" the result; "experts" should be chosen randomly.
Dr. Pomeroy noted in this context that the probability
distributions are, in reality, subjective probabilities or
degrees of belief, not probabilistic distributions as conceived
in the classical or frequentist context.
Dr. Harper discussed the vertical versus the horizontal
organization of expert elicitation. The vertical would entail
all necessary experts in different areas in one panel; i.e.,
representation from each "discipline" in each panel. The
horizontal includes all experts of one discipline in one panel;
i.e., each panel represents one particular necessary discipline.
The NUREG-1150 elected the horizontal approach. Dr. Harper noted
pros and cons with each approach; however, due to the complexity
and number of scenarios and subscenarios, one expert would not be
sufficient to cover the individual discipline or scenario in
question. Dr. Harper did note that the horizontal approach did
make the interfaces between the panels more difficult to handle.
He also indicated that he didn't know enough about the HLW
situation to recommend one approach over the other one.
Dr. Harper pointed out that the strategy was to impose a
consistent decomposition process, rather than impose the same
decomposition for a given issue (in order to avoid bias). Dr.
Budnitz indicated that an expert selection process aiming to
achieve diversity was counterproductive if equal weighting of
opinion was used. In this case, Dr. Budnitz indicated that the
decision analyst should take responsibility for deciding on the
resultant judgment. Dr. Budnitz basically identified decision
accountability as a replacement for artificial aggregation
algorithms. A rationale is necessary over and above division by
a denominator --

equal weighting is not wrong, but it should not

be a given.
Dr. Pomeroy inquired regarding the identification and selection
of experts in the NUREG-1150 study. Dr. Harper pointed out that
little interestwas evoked from the "intervenor" community; so
although diversity was attempted, it could not be guaranteed.
Dr. Harper stressed that experts were used to filter results from
mechanistic codes, not to replace these results. There were a
large number of different calculations performed in the study,
but each equation/code had intrinsic biases of the developers,
and the experts were used to neutralize these biases, as much as
possible. Dr. Okrent commented on the bias which could be
introduced in choosing the normative experts, who select the
substantative ones. Dr. Keeney commented that the normative
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experts should have an influence on the result, not a bias. The
normative expert's talents include releasing of knowledge and
information from the substantive experts without clouding this
information with distortion or bias. Dr. Okrent stressed that
whatever the influence - good or bad - it remains unevaluated and

undocumented, thus presenting a problem for later evaluations.
Dr. Harper discussed the criteria used to select issues, such as
whether an issue was important for risk or if it was
controversial. He observed that having gone through the draft
1150 study, the staff had the luxury of criticisms and
suggestions from the comment period. Even so, some issues were
missed in the second draft. In response to Dr. Pomeroy's
question on how the process could be improved, Dr. Harper
responded that additional time would have been the most help.
Mr. Cunningham alluded to the beneficial iterative nature of the
PRA process. Dr. Budnitz reiterated his concern regarding the
weighting constraint in aggregating experts' opinions;
algorithmic-weighting is a way, not the only way, to come to
resolution in an expert panel -- otherwise you constrain the
process and outliers can overwhelmingly affect the result. Prior
to conducting the elicitation, the normative analyst should not
be constrained to use a predetermined aggregation mechanism. Dr.
Pomeroy indicated that in some cases, such a predetermined
approach may result in a representative degree of uncertainty.
Mr. Lee Abramson (RES) noted that outliers sometimes are closer
to reality. Dr. Harper noted that the 1150 study aggregation
algorithms were not simple average statistics, but involved
complex distributional strategies, such as Latin Hypercube or a
stratified Monte Carlo analyses. Dr. Harper observed that there
are specific reasons why any given mechanism dominates the
overall risk and that these reasons are what Dr. Budnitz alluded
to in concerns regarding aggregation algorithms.
Dr. Harper pointed out that the diversity of background was not
achieved in the 1150 panels, because of lack of interest from the
intervenor/citizen public interest sectors. He briefly described
the nomination process of contacting various and diverse
organizations for candidate experts. Dr. Harper discussed the
selection criteria from the candidate lists: 1) Publications, 2)
Experience in the subject, 3) Experimental knowledge, but also
less obvious ones such as, 4) Degree of cooperation, 5)
Background in nuclear safety, and so on. Few generalists had
sufficient interest to participate. He also noted practical
considerations; e.g., some candidates wanted to be paid, others
couldn't drop six weeks of work, etc. Some discussion regarding
the motivation of experts who were being paid by outside
interests followed, but Dr. Harper indicated that this did not
appear to play a measurable role. Dr. Budnitz observed that the
manner in which the issues are presented controls the level of
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bias. Dr. Okrent observed that in PRAs, the experts have been
funded either by NRC or the industry; there doesn't seem to be a
third party. Dr. -Harper raised Hal Lewis' criticism that the
panels should be chosen randomly, rather than selectively to
represent diversity of views.
Dr. Harper went on to the elicitation training. The initiation
phase involved a trial decomposition and fed the panels'
criticisms back into the process to refine the questions and
issues. This involved a literature search and an NRC staff
generated strawman paper laying out the logic model. Dr. Budnitz
supported the iteration-intensive nature of this initial stage of
the process. Dr. Pomeroy asked if any training in statistics was
provided. Dr. Harper responded affirmatively, describing the
typical almanac-sensitivity/pitfall tests, as well as the basics
of assigning subjective probabilities. Dr. Keeney observed the
need to avoid underestimation of uncertainty, typical of experts
not versed in the elicitation process. The end result was to get
experts to construct probability distributions for their answers,
especially those who were mechanistic/deterministic in their
perspective. A typical example, was to take something that an
expert was dismissing: Event A can't really happen. The
decision analyst would ask, what if it did? Then expert A would
say: then conditions B. C and D must have occurred. The
decision analyst would then ask for probabilities for those
conditions. Dr. Harper noted that within the time constraints of
the elicitation, they did not measure the panel members biases.
In response to Dr. Steindler's question, Dr. Harper noted that
those experts who weren't "trained" didn't function as well. Dr.
Budnitz indicated that training was essential even for those who
were probability types. In response to Dr. Pomeroy's question on
the relative merits of a normative expert doing the training, Dr.
Keeney noted that the normative expert could be far more dynamic
in customizing the training; the substantive expert was more
formal and rigid in the interactive exchange mode.
Dr. Harper proceeded to the types of biases; he noted that
institutional bias was not addressed in the training. In
response to Dr. Okrent, Dr. Keeney noted that "dependence" bias
(among the experts) was usually covered under both anchoring and
availability biases. A number of participants noted that a
common pool of information was necessary to avoid this type of
bias. Dr. Okrent noted other biases, such as economic, and
cultural biases, which Dr. Harper acknowledged but indicated that
these were not addressed. In an exchange between Drs. Steindler
and Budnitz, Dr. Budnitz noted that the probability of being
right between a generalist and an expert in a given field may be
the same, but the expert would have a narrower range of
possibilities.
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Moving on to selection: of issues, Dr. Harper observed that the
logic models determined the level of detail of the specific issue
selection and presentation. The experts could then add or delete
issues. One of the major lessons learned was to minimize
ambiguity in the elicitation by making the questions specific.
Exchanges between Dr. Harper, Dr. Pomeroy and Dr. Budnitz
resulted in the observation that the panel members need to be
sufficiently versed in the issues, and if not, they should notify
the decision analyst that there is a problem.
Dr. Okrent raised a concern regarding the difference between the
1150 study and the HLW repository situation -- the orders of
magnitude of probabilities to be estimated; e.g., 0.1-0.5 versus
1 in a million, respectively. Dr. Hinze asked whether there was
any spinoff involving calling for further analytical/
deterministic studies or holding off until these could be done.
Drs. Pomeroy and Harper responded affirmatively, but were
skeptical because many of the experts would have liked to be
funded to do the further studies. Dr. Harper noted that such
efforts were beyond the scope and intent of the 1150 study, which
was to obtain a current "snapshot" of the knowledge. Dr. Keeney
noted that, in general, further studies and new data usually
expands the level of uncertainty, rather than reducing it -- what
improves is the state of knowledge (of the processes and their
related uncertainty).
Dr. Harper went on to note the multiple panel meetings (3 or
more), the opportunity to work in "solitude" (2-3 months) and to
interface with other panel members. Time appeared to be a common
complaint among the panel members. Dr. Harper noted the complex
interfacing between panels, so that each panel did not always
have all of the other panels' information at each "nodal" point.
Dr. Harper stressed the timing factor and the interfacing network
as lessons learned -- it is necessary to try to address these two
factors before going very far in the elicitation. One of the
problems faced was the different formats of the experts' answers,
which made it very difficult to aggregate. Dr. Harper noted a
tradeoff between the experts' degree of freedom versus the
decision analysts', e.g., one gets "better" responses from the
experts, but they are harder to aggregate. Experts were
contacted during the aggregation process, but they weren't always
responsive within the time constraints of the study. Dr. Harper
noted the encyclopedic nature of the documentation of the
experts' results, which allows one to trace back through the
rationale to assess the soundness and importance of the issues
and results.
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Dr. Harper then summarized the lessons learned:
*
*
*
*
*

He would have liked more iteration with the experts on
the interfaces (confrontation of experts with their
results).
The definition of issues was critical (balancing
freedom of expert versus overdefining and
overconstructing issues); there are pros and cons.
Abandon anonymity (improves defensibility of the
results and the quality of the documentation).
Encourage as much analysis as possible prior to
convening the experts to synthesize the information.
Explore different weighting strategies.

Dr. Hinze asked for elaboration on the iteration of interfaces.
The experts' answers forced a change to the logic model. Not
being able to run through the impacts of different answers, in
terms of their effect on the final result, hampered the process.
Being able to confront the expert to get a clarification may have
complicated the process unnecessarily. Both Drs. Hinze and
Pomeroy asked whether more time or a vertical organization might
have resulted in significantly better results.
Dr. Harper
indicated that some intermediate results in certain specific
issues might be affected, but overall the conclusions would not
change significantly.
The additional time would have produced
more complete results, not different ones. Dr. Harper preferred
the horizontal, rather than the vertical elicitation structure.
In response to Dr. Okrent's question on the level of dependency
of core melt estimates or risk estimates on expert opinion, Dr.
Harper responded that it was 100%. Dr. Okrent observed that this
was lost on the NRC/HLW staff. Dr. Budnitz cautioned that the
degree of reliance on expert judgment is a function of the
accuracy that you want for your result. At lower levels of
accuracy, one doesn't have to "model" in as detailed and specific
a manner, as you would for higher accuracy -- less mechanisms
have to be addressed and accounted for and usually more expert
judgment is needed to augment available empirical information.
R. Keeney. Pros and Cons Consultina
Dr. Keeney began with the observation that there is no option on
whether to use expert judgment -- the only question is whether to
do it explicitly. Dr. Keeney made the following observations
regarding the use of expert judgment in solving technical
problems:
1.
2.

The Use of Expert Judgment on Technical Problems is
Unavoidable.
The Use of Explicit Judgment is Often Valuable and
Desirable.
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5.
6.
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Quantification of Expert Judgments Has Many Advantages over
Qualitative Forms.
Probabilistic Expression of Expert Judgment is Appropriate.
Elicitation of Probabilistic Judgments from Experts Involves
Both Science and Art, and is Based on General Principles of
Engineering.
Expert Judgments and Probabilities are Subject to Change and
Should be Interpreted Carefully.

In response to Dr. Steindler's concern about the quality of the
product of an elicitation, Dr. Keeney responded that the decision
analyst evaluates the quality of the elicitation process, not
necessarily the quality of the judgment itself. The decision
analyst must get into the mind of the expert in order to assist
the expert in articulating the rationale and eventually the
documentation supporting the judgment.
Dr. Keeney described a simply opinion survey example. It
displayed shortcomings in the reliance on qualitative statements.
His point was that not only are the quantitative statements of
the expert judgments advantageous, so are quantitative
expressions of the survey questions and issues. He also noted
that in the arena of expert judgment, probability basically
encodes the state of knowledge, not the state of nature. In
eliciting these probabilities, Dr. Keeney recommended that the
questions should be adapted to the thought process of the expert
being elicited. For example, if an expert has difficulty
quantifying the answer, decompose the question into segments, on
which the expert can construct an answer. Dr. Keeney observed
that unstated assumptions are the cause of the biggest biases.
Dr. Keeney moved on to the answer to the five questions presented
at the beginning of the meeting (e.g., how are experts selected,
etc?). He responded that these questions are answered by expert
judgment --

either explicit or implicit.

For the explicit

applications, he noted that the "how are's" ought to be changed
to "how should's"; e.g., how should the issues be selected?
Dr. Keeney then described the (explicit) elicitation process.
1.
2.
3.
4.
5.
6.
7.

Identify and select issues.
Identify and select experts.
Discuss and refine issues.
Train experts for elicitation.
Elicit.
Analyze, aggregate and resolve disagreements.
Document and communicate.

Dr. Keeney observed that each of these steps require decisions to
be made. He cited the overall task objective, availability of
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alternatives, budget,:participant availability, and so forth, as
being factors in making the above decisions.
In terms of the mechanism of identifying/selecting experts, he
suggested broadcast solicitation of candidates by mail and
issuing an RFP listing the necessary expertise. In response to
Dr. Steindler's questions on calibrating the quality of the
candidate experts, Dr. Keeney was not aware of any established
mechanisms for doing that. Dr. Keeney suggested appraising the
body of the expert's work. Dr. Budnitz suggested asking the
mainstream experts to evaluate the author's expertise, as a kind
of panel self-check. If they have a rationale for dismissing the
other's opinion, the decision maker could elect to do so. Dr.
Keeney observed that the decision analyst must first determine
whether the outlier's opinion is significant to the objective of
the elicitation; however, he discouraged any quick ploy to
eliminate the other's opinion.
Dr. Keeney moved on to the "art" of assessment. He noted that
the elicitation should focus on the expert's frame of mind, and
that the elicitation process should motivate the expert. He
noted that it was useful for the decision analyst to practice the
elicitation, if for no other reason to familiarize himself with
the topical discipline. Dr. Keeney observed in documentation of
the elicitation, the degree of documentation is done at different
levels depending on the scope, content, objective and needs of
the elicitation and should include:
1.
2.
3.

Unambiguous specification of the events for which
probabilities are assessed.
The assessed probabilities of those events.
Data, reasoning, models, calculations used in the
assessment; how and why they were used; the rationale for
eliminating and/or not documenting any "obvious"
information.

Dr. Keeney observed that the documentation process isn't
different than that for any other scientific work. In response
to Dr. Hinze's concern, Dr. Keeney indicated that the decision
analyst had to pursue the basis for an expert's judgment to the
extent necessary, depending on the elicitation's objective and
alternatives. In response to Drs. Pomeroy's and Steindler's
questions on reducing the experts' opinion to a single number,
where all the decision analyst's art fails to converge the
experts' results, Dr. Keeney indicated that it ultimately falls
on the decision maker to decide and shoulder the responsibility
for the choice. Dr. Keeney stressed the retention of the
individual expert's component contributions, even if only one
aggregated result is needed in the particular application. Drs.
Steindler and Okrent questioned the applicability of the NUREG-
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1150 risk study approach to the HLW case, because of the vast
difference in probability ranges of 0.1 to 0.9 versus 10-2 to

10-8, respectively. Dr. Keeney acknowledged that the results of
expert judgment may not be as good for the lower valued
probabilities, but he indicated that the relative benefits of
explicit to implicit is greater for the lower magnitude
probabilities.
Dr. Keeney observed that using explicit expert judgment up front
is expensive in both time and money, but that is the long run it
will be relatively inexpensive in the face of the overall
application costs, especially in costs avoidance.
Dr. Keeney moved on to discuss the various types of biases. He
pointed out that all probabilities are subjective probabilities.
He also dispensed with anonymity for experts, noting that it was
inconsistent with use of "experts." He also favors not
procrastinating performance assessment, since much valued
information is obtained in the iterative process of assessment.
Dr. Keeney concluded with the following points:
1.
2.
3.
4.
5.

Expert judgment is a necessary part of performance
assessment.
A possible split between implicit and explicit is 95t versus
5%, respectively.
Expert judgment (explicit) is not a poll, it clarifies the
principles, rationale, data, etc. on which it is based.
Explore our strength (expert judgment) rather than rely on
our weakness (data).
Explicit expert judgment aids decision making, it is not to
provide a "warm fuzzy feeling."

Dr. Pomeroy voiced a concern about the term "art" being used in a
scientific setting. Dr. Keeney noted that expert judgment does
not violate any scientific principles; rather other fields of
endeavor, who use this art, are not sufficiently honest to admit
it. Dr. Steindler raised a concern regarding the situation in
front of a licensing board, where an intervenor challenges the
use of expert judgment on a sensitive parameter. The applicant
and the intervenor each defend their parameter value in
estimating this variable. What does the board do? Dr. Keeney
observed that this frequently happens without bringing up expert
judgment. The board decides on the merits in either situation.
Dr. Okrent brought up the NRC staff's reluctance to accept
subjective opinion to support key parameters in the demonstration
of compliance for licensing the HLW repository. Dr. Keeney
questioned the reality and validity of that position. Mr.
Gnugnoli (ACNW staff) noted that some of the NRC staff's concern
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stems from the use of artificial aggregation algorithms used in
explicit expert judgment, which may produce artificial, but not
realistic answers. Dr. Keeney observed this that would be a
situation of incorrectly aggregating, which should be carefully
avoided.
W.

Roberds. Golder Associates. Inc.

Dr. Roberds began with noting that expert judgment was necessary,
but also controversial. Specifically it is involved in
identifying decision alternatives, validating models and
assessing parameters. The expert should accurately reflect the
state of knowledge and should quantify the attendant uncertainty.
He observed that the HLW site characterization program may
provide disqualifying evidence, but to determine suitability of a
site/design, expert judgment and not empirical &at
will
establish compliance. He reiterated a theme cited by the
previous speaker that the decision makers must address the
expected value of continued data collection and research vis-avis the significant cost in delay and resources. Related to this
is the decision of how far in detail does one decompose the
performance assessment mechanisms or process. It is at this
level, once determined, where the estimation of parameters occur
either by empirical means, expert judgment or a combination. You
may only measure voltage, but from it you infer pressures and
displacements from which you infer all the way back up the
decomposition process to the large-scale parameters and
decisions.
Dr. Roberds noted that in the HLW case using "bounds" on
performance and worse-case scenarios will not be fruitful in the
face of the large uncertainties and the compliance time period.
Thus, the performance assessment will have to be performed in a
probability setting. He noted that there are numerous facets of
the performance assessment which could be adjusted to arrive at
compliance; e.g., if there is a minor problem in performance the
waste package design could be improved. If no reasonable
adjustment can be made, perhaps the site should be disqualified.
In dealing with the compliance assessment, there are two
necessary conditions: 1) That the probability of compliance is
"sufficiently" high and 2) that the assessment and rationale is
defensible. Dr. Roberds noted that with more information and
increased state of knowledge, you reduce your ignorance not
necessarily your uncertainty.
Dr. Roberds also noted the impacts on compliance caused by
surprises (processes and events which cannot possibly be
conceived of). He also stressed the difficulty of anticipating
probability distributions for "surprises," and hence the
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difficulty of predicting compliance. The degree of public
skepticism aggravates the situation. However, he did note that
we increase our knowledge with time, and the CCDF will also
change through the licensing and postclosure periods (learning).
During this learning process, opportunities to "correct" various
aspects of the overall design to enhance the capability to
demonstrate compliance.
Dr. Roberds characterized assessments of releases as being
functions of the parameters, as well as the uncertainties in both
parameters and the model(s). He advised selecting that model
appropriate to the significance of the particular task. Monte
Carlo Simulation and Bayesian Updating (modifying models and
probability distributions based on iterations and/or new
empirical evidence) appear to be excellent tools for implementing
"learned" experience and for handling uncertainties in release
estimates. As part of this, he noted that the experts need to
address other factors which are correlated to a given model or
parameter which may be the main subject of the elicitation -false assumption of a parameter's degree of independence can
greatly affect the end result. He further observed that
benchmark or field testing may be effective in short-term model
validation, but in the present case of the HLW program, peer
review or expert judgment are the only mechanisms available for
long-term model validations. He agreed with Dr. Steindler's
observation that the low "empirical" reliability of the input and
models, coupled with the demanding nature of the EPA standard,
significantly complicate the demonstrability of compliance.
Dr. Judd observed that the stringency of the standards, models,
etc. leads him to prefer the experts' honest assessment, rather
than a conservative guess at his/her uncertainty. Dr. Judd is
reluctant to build in future conservatism.
Dr. Roberds observed that there is frequently confusion as to
which parameter and distribution to use; e.g., distribution of a
parameter versus the distribution of the average value of that
parameter. The attendant uncertainties and uses of the parameter
and its average value are important depending on whether one
wants to assess performance or to build in defensibility
(conservatism) for compliance purposes. In the face of
inadequate data (for whatever reason), judgment and
interpretation will need to be used. A tradeoff between delay
due to further empirical confirmation versus the expense due to
conservatism must be struck to obtain a defensible and costeffective result.
Dr. Roberds proceeded with a discussion of parameter statistics,
where the probability density functions (PDFs) represent
uncertainty associated with estimating a unique parameter versus
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a value of a population (means or medians). He did stress that
variability of a parameter is a statistically-different concept
then the uncertainty in estimating it.
Dr. Roberds described potential problems with individual
assessments (single expert elicitation). He described:
1.
2.
3.
4.
5.
6.

Poor problem definition (estimate based on economic versus
technological achieveability).
Poor quantification of uncertainty (underestimating expert's
own error).
Unspecified assumptions; especially those not articulated.
Biases, both motivational and cognitive.
Impression.
Credibility (associated with the expert).

Dr. Roberds noted that with biases, the motivational (hidden
agendas) are less responsive to elicitation training than the
cognitive biases (experts not reflecting available information).
Dr. Pomeroy asked about "under-confidence." Both Drs. Roberds
and Judd noted this occurred after training exercises slated to
reduce overconfidence (e.g., the almanac game). Some experts
then react defensively, but iteration of the process usually
results in an improved assessment. Dr. Roberds displayed sample
questionnaires and almanac training exercises for the purposes of
expert training in estimating uncertainty.
Dr. Roberds observed that of the various elicitation strategies,
probability encoding was superior in light of the various
problems discussed previously, except with regard to expense. It
is a formalized five-phase process where the analyst actively
trains the expert to quantify his/her uncertainty. The five
phases are: motivating, structuring, conditioning, encoding and
verifying. The decision analyst actively documents, elicits,
checks for consistency and verifies the experts' rationale and
information. He discussed the comparative lottery technique where
the subject must choose between two different "games of chance"
to bet on. The lotteries are changed until the subject is
betting on the value that is being elicited.
Dr. Roberds moved on to group assessments, noting the additional
complexity of disagreements in parameter estimates, as well as in
parameter uncertainty. He noted that, in general, the problems
were either in differences in the experts' assumptions or
definitions. In discussing consensus of a group, Dr. Roberds
indicated that sometimes forced consensus; e.g., mechanical
aggregation, is used. He did observe that this compromises the
defensibility of the results. Dr. Roberds did observe that the
probabilistic setting may offer a better arena for resolution
then the deterministic one, because it takes the discussion out
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of a "won't work/will Work" impasse.
Dr. Roberds then compared mechanical aggregation to behavioral
methods (e.g., delphi panels or encoding), noting the greater
expense associated with the latter. He acknowledged the role of
group dynamics (e.g., dominant personalty). In response to Dr.
Pomeroy's question on weighting strategies for the HLW case, Dr.
Roberds indicated that for big or controversial issues, he would
prefer behavioral techniques, but for a relatively small issues
(not justifying great expense), he would do a combination of
group statistics and peer ratings (a group of peers rating a
panel of experts and assigning weights on that basis). Dr.
Roberds noted that the choice of expert elicitation (from self
assessment all the way to formal group evaluation) should be
selected on the basis of the degree of defensibility required.
J. Wolf (NRC/OGC) noted that in the context of a licensing board
decision, the elicitation mechanism will have little or no added
weight beyond the articulation of the basic facts and the
reasoning which leads to the conclusion. Dr. Steindler observed
that the protocols of how to demonstrate compliance should be
established much earlier in the process than at the stage of
licensing. Specifically, for those aspects of the HLW program,
where the protocol is an issue, rulemaking should be used to lay
the issue to bed legally and regulatorily.
R. Budnitz. Future Resource Associates. Inc.
Dr. Budnitz identified his involvement as a substantive expert in
the NUREG-1150 panel on front-end issues. He noted that the
panel met for 2-1/2 days for sensitivity training, which he
considered to be crucial. He noted that the panel was evenly
talented and very representative of the particular expertise,
which he believed permitted easier interaction than on other
panels.
Dr. Steindler observed that this seemed to be self-validation,
which would not carry much weight outside the panel. The
discussion that followed indicated that on this particular panel,
the subject area and the small number of qualified experts in
that area were such that wide diversion of opinion was uniquely
absent. This would not be an example of a typical elicitation.
Dr. Budnitz, however, observed that the identification/selection
of the experts, the lack of institutional bias and the nature of
the questions asked had a great affect on the success of
consensus. He indicated that the panel split, eliminated and
reformed questions. He also observed that experts need to
review, recast and revise the issues/questions so that they can
be answered -- iteration in this is necessary. When the panel
reformed for discussion of the issues, behavioral group
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interaction was used to evaluate the opinions developed in an
iterative round-table fashion.
Dr. Budnitz acknowledged that concurrence with the models was not
achieved on some issues, but two aspects of the elicitation were
accomplished: 1) All the panelists had the same information to
work with and 2) the model, approach or disaggregation used by
each expert were transparent to all the others for review.
Dr. Budnitz noted that there was no anonymity in discussion of
models and approaches, but the elicitation was performed by a
one-on-one questioning by the normative experts. This forced the
substantive panelist to more clearly articulate the rationale for
his/her opinion. This helped to analyze the logic and underlying
opinion, as well as providing the documentation thereof. At the
time, he didn't think it was worth writing down, but in hindsight
it was invaluable.
Dr. Budnitz observed that each issue he dealt with in the NUREG1150 elicitation was one with inadequate data, but in most all
cases, adequate data could have been acquired if there were
sufficient resources. He noted that in this case the NUREG-1150
study and the HLW repository licensing process were significantly
different. In response to Dr. Steindler's question, Dr. Budnitz
observed that the panel's judgments weren't always supported by
later empirical efforts in terms of the parameter estimates, but
were covered by the predicted variability (e.g., the uncertainty
estimates were supported by the later empirical data spreads).
In response to Dr. Pomeroy's question on how panelists' positions
changed, Dr. Budnitz observed a two-fold effect -- from learning
(new information) as well as from group dynamics (rationale
conversion). Dr. Budnitz observed that two points were important
regarding how the panel functioned:
1.
2.

The panelists knew how their estimates (parameters and
uncertainties) would fit into the whole analysis, and
The panelists accepted the body of information and data from
which they started the elicitations (i.e., the original base
of knowledge was acceptable to all the panelists).

Dr. Budnitz stressed the importance of resolving these two issues
before going into the elicitation in depth.
Dr. Budnitz noted that the Sandia/WIPP efforts were "out in
front" of the other parties involved in disposal of HLW. In
response to Dr. Hinze's concern regarding the introduction of
bias into the process of sensitizing experts for the HLW
repository case, Dr. Budnitz observed that the "training" should
be directed to sensitize the experts regarding how their
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information would be used and how it could be abused (i.e., to
achieve a minimum level of understanding of how their
contribution would fit in).
James Wolf. NRC Office of the General Counsel (OGC)
Mr. Wolf observed that lawyers and courts will bring up questions
very different from the technical discussion heard up to this
point. He observed that the HLW repository will not raise
legal/licensing questions different from those raised in the
past. Specifically, the reliance on expert judgment will not
change how the decision is made. He basically thought that the
courts would not expect anymore of the process than to do a
reasonable effort within the available money and resources. In
fact, traditionally the courts have been reluctant to overturn
NRC decisions, where public health and safety are concerned.
Even in cases involving technical judgments on the frontiers of
scientific knowledge, the courts have been deferential in those
cases where the agency can articulate some reasonable basis for
these judgments. That is the caveat -- not any judgment, but
those judgments which:
1.
2.
3.
4.

Point to relevant and material facts.
Clearly articulate the application of those facts to arrive
at inferences.
Demonstrate how those inferences are consistent with
applicable regulations.
Are reasonable and can be defended as such.

Mr. Wolf stressed that the expert's judgment need not be the only
one which could be made, but one where the reasoning process can
be understood and accepted by other reasonable people. He
defined the role of experts in providing the foundation on which
the decision makers can make the decision. He indicated that the
Commission or Licensing Board make the compliance decision,
whereas the technical expert provides the rationale for technical
validity of the approach.
Mr. Wolf observed that the burden of proof lies on the applicant
(DOE) not on the NRC or its staff -- DOE needs to articulate the
basis for licensing. In response to Dr. Pomeroy's concern that
the NRC needed to involve itself in this subject in order to
provide guidance, Mr. Wolf responded that the NRC QA programs are
legally established to encourage the applicant to provide
trustworthy and reliable information. He cautioned that if the
NRC goes too far in laying out guidelines, that it would impose
too rigid a framework for DOE to pursue, in order to satisfy the
needs of the national HLW program. This would be inconsistent
with NRC's traditional regulatory role. Mr. Wolf identified that
good management is DOE's best way to develop its case for
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licensing.
Mr. Wolf cautioned that the boards will be interested in the
facts and the rationale for the decision; they will not be
impressed by the process of elicitation (i.e., the mechanics of
how to elicit judgment), in and of itself. He did observe that
the elicitation process could build up the experts' ability to
articulate their rationale.
Dr. Steindler questioned Mr. Wolf's characterization that the HLW
case is not unique. Dr. Steindler pointed out the apparent
certainty required in the standards, as well as the long-term
period of performance. Dr. Steindler identified rulemaking as a
means to set aside nonmaterial contentious issues, such as
reliance on expert judgment, upon which intervenors are likely to
focus any challenge. Unless some mechanisms is identified for
addressing this, Dr. Steindler observed that it is effectively
left to the courts to decide, not the regulators.
Mr. Wolf found no problem with leaving the decision to the
courts. He reviewed the technical exchange process between NRC
and DOE in the public forum (e.g., site characterization plan
reviews) as a means to focus on what is material to licensing and
what is not. He stressed that a licensing proceeding is a forum
for adjudicating these types of disputes; intervenors usually
challenge specific issues of controversy. In fact, he indicated
far more confidence in the adjudicatory process then in explicit
expert panels; the hearing process utilizes experts' testimonies
more effectively. He also stated that the law and the
regulations do not call for "apparent" certainty; it comes down
to the NRC making a societal judgment that these are sound risks
to take.
In response to Dr. Budnitz's request for clarification, Mr. Wolf
indicated that there is a difference in generating guidance (such
as regulatory guides) to deal with technical uncertainties, (such
as in arriving at estimates for ground motion) versus guidance on
how to prove your case, which is an epistemological question.
Mr. Wolf was not persuaded that rulemaking would resolve this
question.
In response to Dr. Pomeroy's question that a challenge might
arise in how the elicitation was performed, Mr. Wolf noted that
using expert judgment, in a methodical approach, would not carry
any added adjudicatory weight -- the soundness of the rationale
would have to stand alone. Mr. Wolf cautioned trying to convince
a board that because a convention of experts conclude something,
the board should be convinced solely by the fact that it was a
convention of experts, especially without providing convincing
rationale.
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Dr. Steindler again argued for rulemaking to set aside
methodology questions; such as what atmospheric model should be
used, not to set aside questions on the quality or types of data
used. Specific, questions that are controversial or are
technically unresolvable could be set aside, in order to better
deal with those that can be addressed. Extrapolation to 10,000
years using empirical models without knowledge of the mechanism
is a protocol issue, which cannot be technologically resolved but
can be regulatorily resolved. Kr. Wolf observed that 10 CPR Part
60 is a reasonable regulation, and whether the approach is
mechanistic or empirical is not the issue, but rather pursuing
the approach that make sense to do in reasonable time frame.
Dr. Pomeroy pointed out the distinction that the Commission never
made PRA a central issue in licensing of reactors; the HLW
repository performance assessment is to be probabilistically
driven vis-a-vis compliance. Mr. Wolf acknowledged that the low
probability/long-term nature of events and issues affected the
structure of the standards, but their perceived stringency is
independent from the deterministic or probabilistic approach.
Mr. Wolf thought that the approach does not affect the role of
and reliance on expert judgment.
Dr. Okrent disagreed with Mr. Wolf's characterization; he noted
that:
1.
2.
3.
4.

5.

6.

Expert judgment played a large role in the final decision.
Due to the complexity, expert judgment will play an
inextricable role, which cannot be segregated as to prelicensing versus licensing issues.
The NRC staff is reluctant to encourage DOE's reliance on
experts.
DOE will provide expert judgment bases for its decisions to
the NRC in its demonstration of compliance, well in advance
of any licensing hearing, and ask for concurrence or
approval.
Will the NRC staff be able to review and accept a DOE
empirical correlation extrapolated to the long-term by
expert judgment or will the NRC keep requesting a
mechanistic basis for any determination?
Part 60 is ambiguous in this regard; NRC should clarify what
it would find acceptable; i.e., the NRC staff should provide
relevant guidance!

Mr. Wolf acknowledged the role of and need for expert judgment,
but cautioned that the NRC staff would be skeptical of any
premature termination of any effort to collect data, where it
might be reasonable to do so. Mr. Wolf went on to observe that
the Commission may reject the application, if the site is not
appropriate and because there may not be enough data and
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information to support: the HLW disposal design at the site,
regardless of the role of expert judgment.
Dr. Hinze expressed a concern that expert judgment should follow
an agreed-upon level of effort to perform experimentation, to
obtain data and to evaluate and analyze that data prior to
applying expert judgment. Furthermore, this level of effort
needs to be communicated to DOE so that they know when and to
what degree expert judgment can be applied. Mr. Wolf
acknowledged the usefulness of expert judgment and that if the
NRC staff can communicate guidance to DOE on how to use it, then
this may end up improving the quality of the expert judgment.
However, Mr. Wolf reiterated that it will not "buy" anyone
anything, in and of itself, in the licensing process.
Dr. Budnitz observed that although guidance on the preferred
epistemological method is unnecessary; one should not ignore the
advances in epistemology, because they point out more clearly
where the problems are -- you may not find the solution, but you
find where and how to seek it.
Mr. Wolf pointed out an example of a case at Three Mile Island,
where a witness' testimony collapsed, because he did not provide
an adequate rationale for support. Dr. Pomeroy hypothesized a
case where two equally-qualified experts had conflicting
conclusions with the same data base. Mr. Wolf observed that
traditionally the NRC staff went with the more conservative. He
further noted that the degree of uncertainty would also play a
role, and in the light of reasonable assurance, the staff would
have to weigh the consequences of one or the other experts being
incorrect.
Mr.

Wolf then made two noteworthy observations:

1.

An apparent violation of the EPA standard, where very
conservative interpretation of data was involved, would not
necessarily result in a board's decision that the EPA
standard had not been satisfied with reasonable assurance.
An apparent compliance with the EPA's standard based on
average values and best fits, where there may be a wide
range in the uncertainty -- even though it is supported by a

2.

number of experts --

may still result in a board's

determination that there has not been a demonstration of
reasonable assurance.
Mr. Wolf stressed that the board would need to be convinced of
the basic assumptions, rationale and level of uncertainty
associated with a CCDF determination. Dr. Steindler questioned
whether a licensing board could make such a distinction.
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1991 8:30 am

The Chairman opened the second day of presentations by
introducing representatives of Sandia National Laboratories, who
would address applicable experiences with the Waste Isolation
Pilot Plant (WIPP). He noted that the WIPP experience was in the
forefront of addressing both the EPA 40 CFR Part 191 standards
and the reliance on expert elicitation.
Dr. Rip Anderson. Sandia National Laboratories.
Dr. Anderson acknowledged that WIPP relied on the NUREG-1150
methodology except that in the case of WIPP:
1.
2.
3.

the experts were known
the experts were encouraged to publish their results,
and the experts were not required to arrive at a
consensus; the variability in their judgments provided
a glimpse into the "unknowns."

He observed that expert judgment is used everywhere. Using
expert panels helped formalize the judgment so that it was
trackable. A discussion followed which highlighted that the
Sandia employees dominated the panels in numbers. Dr. Anderson
noted that the Sandia effort so far indicated that the WIPP would
be able to meet Subpart B of the EPA standard. He also observed
that the only situation where the CCDF would register
significantly was in the case of human intrusion. In terms of
risk, he observed that the center of the plume from WIPP
corresponded to a risk between 10-6 to 10-5 deaths. He indicated
that even with the potential of noncompliance, the WIPP was still
a "safe" repository. Dr. Anderson supported the previous day's
theme of performance assessment (PA) as an iterative process.
As a result of the 1989 sensitivity analysis, the important
parameters included the time of an intrusion event (how far into
the performance period this occurs), the radionuclide solubility
within the room, room porosity and permeability and the diameter,
porosity and conductivity of the intrusion borehole itself. He
listed the important radionuclides as including plutonium,
americium, uranium and thorium (various isotopes). The dominant
scenario is by human intrusion through drilling a borehole
through a waste panel and a brine pocket. In response to Dr.
Steindler's question of the relative importance between the
radiological decay and the lower transport time through the upper
aquifer, Dr. Anderson was uncertain. In response to Dr.
Moeller's inquiry regarding possible sabotage, Dr. Anderson
indicated that this is not addressed for WIPP.
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Dr. Anderson went on to discuss the human intrusion/borehole/plug
failure scenarios. Besides bringing up cuttings to the surface,
subsurface communication pathways into otherwise unaffected
aquifers are considered.
Dr. Anderson indicated the importance of identifying all those
aspects, processes and parameters, which are unimportant. He
hopes to have the sensitivity calculation for this completed by
the end of the calendar year.
He acknowledged the danger of
terminating any further research for a parameter mistakenly
identified as unimportant. For this reason the progress is slow
at this point. In response to Dr. Hinze's concern about the
expert judgment process generating new information, Dr. Anderson
pointed out that it doesn't. He went on to indicate that it did
identify data deficiencies, and it does allow experts to
extrapolate from known data into a regime where there isn't
sufficient data. He notes that this is done all the time, but in
the case of WIPP it is being done formally. Mr. Weart (Sandia)
observed that the formal process brings a greater level of
credibility to the investigation, simply because "outside"
experts are also involved. In response to Dr. Hinze's question
regarding the contribution of the dynamics and interaction among
the panelists, Dr. Anderson dismissed the notion that the
dynamics introduced any new concepts or information, but rather
they did help to re-focus the importance of certain aspects of
the investigation that had previously been underestimated.
Ms. Kate Trauth, Sandia National Laboratories.
Ms. Trauth began discussing the status of the Futures (Future
States of Society) and the Markers Panels. The elicitation for
the Futures Panel has been completed and is being documented. In
response to Dr. Moeller's question regarding the difference
between the panels, Ms. Trauth noted that the Future's Panel was
to predict society 10,000 years into the future in order to
determine possible intrusion modes and probabilities thereof.
The results would then serve as input to the Markers Panel, which
would then determine what kinds of markers could be used to
discourage intrusion. The Barriers Panel, which hasn't gone very
far, would consider what types of barriers could be constructed
and buried to further discourage intrusion. In response to Dr.
Moeller's question on cost, Ms. Trauth estimated a single
convening to be $15,000 per panelist. Ms. Trauth went on to
describe the status of the other panels (radionuclide source term
and retardation). Dr. Budnitz asked what made one an expert in
future states of society. Ms. Trauth indicated that the Futures
Panel comprised broad areas of interests from historians to
physicists. Dr. Anderson went on to explain that they consulted
the National Academy of Science and other organizations for
suggestions for panelists. Dr. Pomeroy raised the litigation
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issue for the Yucca Mountain repository in terms of the
defensibility of predicting the future state of society. Ms.
Trauth pointed out that in soliciting panelists, they tried to
include potential opponents and intervenor groups to obtain as
broad a perspective as possible. She went on to observe that the
process of elicitation was defensible, but the results could
still be challenged.
In describing the issues and questions put to the panelists, Ms.
Trauth noted that the various groups did not address all the
questions; e.g., whether or not future society would be able to
detect waste. However, she indicated that the panels did not
generate more questions or issues. In response to Dr.
Steindler's question on the role of active controls, Ms. Trauth
responded that the standards didn't permit such reliance in the
long term, specifically after 100 years. The panelists discussed
the active surface restrictions that would be a function of the
continuity and duration of societal responsibility.
Ms. Trauth went on to discuss the expert selection process. The
WIPP approach was to seek tangible evidence of expertise in the
various disciplines: professional reputation, peers' esteem,
publication record, etc. Availability and willingness played a
significant role. Impartiality, proximity and balance were also
considered. In response to Dr. Pomeroy's question on the
disciplines represented on the Future's Panel, she listed
sociology, law, physics, engineering, geography, history, and
political science. Dr. Pomeroy pursued the rationale for any of
these disciplines qualifying one as an expert on predicting the
future. She responded that no one individual discipline did, but
the panel as a whole could address the question; i.e., an expert
panel as opposed to an panel of experts. The key factor was
diversity.
Ms. Trauth indicated that decision analysts were used in the
selection and training of the panels (S. Hora & D. von
Winterfeldt). After the panelists prepared their panel reports,
the elicitation was performed. Iteration of the process included
revising the report, interacting with the elicitors (decision
analysts) and revising the judgments. The final reports
reflected diverse opinions, but the ultimate result/product did
not necessarily include outlier judgments. Dr. Anderson observed
that fiscal constraints impeded some of the continuity of the
information flow from the Futures to the Markers Panels.
Ms. Trauth described the geographic breakdown of the four Futures
subpanels, which approached their task from two perspectives:
1.

Generic scenarios - work backward from possible
intrusion events to the societal causal conditions.
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Intrusion

2.

Point scenarios - postulate potential societal
configurations giving rise to possible intrusion.

The generic approach was numerical; the other qualitative. The
subpanels did not have normative experts nor chairpersons. Dr.
Anderson indicated that the elicitations did involve normative
experts, and these were done, not individually, but rather by
subpanel.
The Boston Futures Subpanel came up with scenarios as a function
of time periods, in which they had partitioned the performance
period. They considered construction of dams (reservoir
recharge), waste injection drilling and resource drilling among
others. One of the unexpected results indicated that after 300
years, they expected no drilling for resources. Dr. Pomeroy
introduced a discussion that the Boston subpanel's results would
-indicate that human intrusion should be treated deterministically, rather than probabilistically.
Ms. Trauth responded to Dr. Budnitz's question on whether a total
loss of technology was considered, by indicating that technology
cycling was considered but not to the point of a total return to
the caveman status. Dr. Budnitz noted that the most dangerous
situation would be that of the late 1800's, where
drilling/blasting technology existed, but there wasn't knowledge
of radioactivity or ability to measure it. Dr. Trauth admitted
that none of the teams or subpanels gave this much weight. Dr.
Steindler questioned the two significant figures for a 10,000year prediction, but Ms. Trauth indicated that was an artifact of
the calculational procedure. Dr. Okrent pursued the "zero
technology" scenario as a result of an advanced weapons' armed
conflict. Ms. Trauth indicated that this was considered
indirectly as one of the possible causes of the technology
cycles. Furthermore, the panels decided that the impacts from a
global thermonuclear conflict would far outweigh any concerns
regarding WIPP. Dr. Anderson also indicated that another panel
considered takeover by another country in its future states of
society evaluations.
Dr. Hinze asked for a clarification of the significance of some
of the numerical intrusion estimates. Ms. Trauth indicated that
the panels themselves didn't provide further specification of
that significance, other than that the numbers pertained to the
area around WIPP. She noted that the panel considered
archaeologists as a persistent breed of individuals who pursue
any surface anomalies to their source, and hence constitute a
significant potential cause of intrusion. She did point out that
the normative experts aggregated the numbers from the elicited
judgments; which were provided back to the panelists for their
reconsideration. She cautioned the Committee not to think of
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these numbers as absolutes, but rather as relative measures which
were used as input by the Markers and Barrier Panels. Dr.
Anderson indicated that these intrusion "statistics" would be
used qualitatively by the subsequent panels, and only after the
panels had finished their iterations could the calculations be
done.
Ms. Trauth moved on to the next (Southwest Futures) team. She
noted that the teams' thought processes were different. This
team saw the loss of political control as an underlying factor to
potential intrusion, and they focused on a single intrusion. The
team arrived at a single number -- 0.08 probability of a single
intrusion in the 10,000-year period. Furthermore, they suggested
a "no marker" strategy; these could attract as much as discourage
intrusion. Dr. Anderson mentioned a that the Swedish delegate
was participating in a study on the survival of records during
World War II in Berlin, Germany. This in conjunction with record
keeping by long-lived institutions, such as the Catholic Church
would be factored into the loss-of-knowledge investigations.
The two Washington teams were closer to the Southwest team, but
had their own unique contribution; e.g., they envisioned a
steady-state condition of future society relying on renewable
resources and recycling, thus obviating the need for resource
drilling. Furthermore, they factored in effective institutional
controls, but they focused on 200 years as the crucial time
period, after which controls and information ceased to be
effective. The Washington A team projected probabilities of 0.26
for intrusion within 200 years and 0.18 after 200 years. Ms.
Trauth noted that in this team 1 of the 4 members was an outlier,
whose contribution was not included in the aggregation (the
report does include the outlier's conclusion).
The Washington B team performed similarly; however they broke
down the frequencies and probabilities of intrusions by 4 main
avenues: resource drilling (0.93/mi2 /500y), water wells (0.002),
scientific investigations (0.03), and weather modification; i.e.,
increase rainfall and infiltration (0.16). Dr. Okrent and Ms.
Trauth discussed the teams' conclusion that it would not be a
petroleum-based economy in the future, with respect to increasing
or decreasing the need for drilling. Dr. Budnitz inquired about
the strategy of reproducing the WIPP information data base in
other countries, in order to avoid loss of information by altered
political control. He pointed out that in the legacy of waste
dumps left by the 20th Century, WIPP wouldn't rank in the top
1000 in risk. Thus, from a priority point of view, WIPP would
likely not be well-remembered.
Ms. Trauth noted that some of the Futures Panels recommended
building a museum on top of the WIPP site, because it might
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prolong the maintenance of knowledge regarding WIPP. Trying to
hide it might actually attract the persistent archaeologists.
Diversity in markers (dyes, multi-language, buried, soft, etc.)
was strongly recommended. She concluded the Futures/Markers/
Barriers Panels discussion with an acknowledgement of the role of
expert judgment in the areas of human intrusion and its attendant
uncertainties.
Dr. Pomeroy remarked that the elicitations resulted in elevated
estimates for probabilities. Ms. Trauth acknowledged that too
much may have been asked of the panelists; these results may end
up being used qualitatively. Likewise, it was noticed that there
Dr. Anderson
were no examples on the order of 10-4 or 10-8.
noted that some of the cause related to the group dynamics; the
panels tended to do some "looking ahead" instead of at the tasks
at hand. Both Drs. Okrent and Steindler commented on this
potential flaw's impact on the credibility of the elicitation and
their future reliability. Furthermore, redundancy may not be an
available mechanism to confirm the Futures Panels' elicitation;
such repetition of elicitation may actually subvert, rather than
confirm, the original elicitation.
In response to Mr. Weart's (Sandia) observation that the Futures'
Panels' probabilities were still lower than the EPA's Appendix B
numbers, Dr. Steindler remarked that these numbers could still
compromise the W)PP compliance determination. Mr. Weart
indicated that WIPP complied with the EPA standards, except in
certain human intrusion scenarios. He suggested removal of human
intrusion from the probabilistic to the deterministic arena. Dr.
Steindler noted that although expert judgment may be the only
available mechanism, it is not necessarily legitimate.
Dr. Anderson indicated that the relative time schedule for WIPP
and Yucca Mountain being what they are, he recommended that WIPP
be used as the test use as a regulatory methodology. The WIPP
experience could serve as guidance for the Yucca Mountain site
characterization (PA) and licensing.
Dr. Judd pointed out that the application of probabilistic
techniques to reactor safeguards and the sabotage potential
improved understanding and more balanced safeguards. Although it
was not a defensible procedure in the legal/regulatory arena, it
did enable better decisions regarding the implementation of
balanced safeguards.
Dr. Hinze expressed two concerns:
1.

Is this (human intrusion) a good example of where expert
judgment should not be used, because there isn't enough
information?

KY
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A normative expert, who is not an expert in the particular
topic, will be a filter in incorporating the panels'
results.

At this point, Ms. Trauth began discussing the parameter
elicitation effort. She referred back to Dr. Anderson's
sensitivity analyses discussion on determining unimportant and
important factors. The goal, here, was to determine the ranges
and concentrations of these radionuclides and of lead in the
brines in the rooms and drifts. This turned out to be
significant. The expert panel was composed of experts, outside
of Sandia; these experts had to be familiar with actinide and
brine chemistry. Both Drs. Steindler and Okrent questioned the
selection Committee's lack of chemists. In an exchange involving
Dr. Budnitz, the Sandia presenters stressed the independents of
the panel from any Sandia-institutional influence. Ms. Trauth
observed that this is an iterative process, which has not yet
been completed; there had been fiscal, temporal and schedule
constraints which will be dealt with in the next iterative step.
Ms. Trauth invited recommendations from the ACNW for the next
round. Some discussion followed regarding the expertise of the
select ed panelists in chemistry. In response to Dr. Steindler's
concern, Ms. Trauth and Mr. Weart noted some practical
complications in the pool of available candidates for this panel.
Ms. Trauth explained the elicitation and how the panelists were
directed to address both dissolved and suspended (colloidal)
concentrations.
Sandia staff provided background presentations on PA, WIPP, room
processes, etc..., as well as a literature survey. Expert
training was performed by S. Hora. The panelists decided that
they would rather be pooled together, as opposed to elicited
individually. In response to Dr. Budnitz's question regarding
the available pool of experts in this area (actinide/brine
chemistry), Ms. Trauth acknowledged that this panel tended to be
more theoretical than the following panel (radionuclide
retardation). Mrs. Trauth noted that the resulting values may be
higher than what the WIPP inventory could provide; the panelists
were not able to provide a consensus regarding colloidal or
suspended concentration. The panelists are still in the process
of completing the panel report.
Ms. Trauth went on to discuss the panel's assumptions regarding
potential oxidation states, inventory, room conditions,
solubility conditions, etc. for the radionuclides and lead. Some
companies ensured with respect to the table entries and headings.
Ms. Trauth then discussed the expert panel on radionuclide
retardation in the Culebra. Unlike the radionuclides sources
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team panel, this one was composed exclusively of Sandia experts
for fiscal reasons. This panel was to provide ranges and
distributions for-distribution coefficients (K ) under two
conditions: the Dolomite matrix and for the clay in fractures.
The panel broadened its charter to address transport fluid and
whether it was dominated by Castile brine or Culebra water.
These panelists preferred separate, individual elicitations.
This elicitation had not been completed, and the results are very
preliminary. She indicated that there would be a high reliance
on expert judgment, both implicit and explicit, since this
parameter valve topic was highlighted in the sensitivity
analysis. Ms. Trauth concluded the formal part of her
presentation by noting two advantages of using external expert
judgment:
1.

We benefit from the broad and diverse expertise on the
outside.

2.

We reduce any impression that there is bias by making it an
openly visible, documented formal process.

In response to Dr. Hinze's question on whether these outside
experts can be as good as the insiders, who have more experience
in the relevant issues, the Sandia participants responded that
the insiders tended to be more conservative, but no mechanism for
quantifying this relative "goodness" of experts exists. Dr.
Hinze pursued this line of inquiry in asking how the Sandia staff
made sure that the outsiders were brought up to speed. The
Sandia participants listed documentation briefings by the Sandia
staff, references, etc. Mr. Weart indicated that wherever
possible, the thrust was to use outside experts.
Dr. Anderson alerted the participants about an NEA/OECD working
group organized to address future human actions at waste
repository sites, scheduled in early 1996 in Albuquerque. The
Albuquerque meeting will continue previous deliberations and
review the Sandia/WIPP members panels' results. Later in the
fall, this international group will meet in Stockholm to review
studies on the German loss of records during the war and how some
records survived in long-lasting institutions such as the
Catholic Church. A report is planned in about two years.
Dr. Pomeroy posed a hypothetical situation, where another agency
(besides DOE) were to determine WIPP compliance, and asked
whether there would be anything that Sandia would do differently?
Mr. Weart responded that quality assurance (QA) would be one
mechanism that was not in place (with the same degree of rigor
Better QA and formal documentation
and formality) then.
(traceability) are areas which would have been done better. Mr.
Weart also would have preferred a better benchmark of how good is
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good enough to comply with the EPA standards. Some clear
guidance on what uncertainty bands suffice for reasonable
assurance would help better define the level of effort needed in
designing a waste repository.
A discussion followed regarding the ideal size for a panel. Four
seemed to be close to an acceptable minimum, but it was noted
that the size is closely a function of the topic and scope of the
panel's assignment. Mr. Weart observed that the principal
technical WIPP critic, the Environmental Evaluation Group, was
present during the initial briefing and during the elicitation
training.
Dr. Hinze asked whether any of the panel efforts led to any
further research, experimentation or other data collection. Dr.
Anderson indicated that this was too early for any impact from
the parameter panels. The Future States panel kept wanting to go
beyond their scope into the Markers panels' arena.
K. Bragg. Canadian Atomic Energy Control Board (AECB)
Mr. Bragg briefly discussed the Canadian approach to high-level
radioactive waste disposal. He noted that Canada is still in the
generic feasibility assessment phase; no site has yet been
designated. The AECB does not have a formal role in the process,
but it would be viewed as a combination of the U.S. NRC and EPA.
He noted that the spent fuel was from the CANDU reactor; i.e., it
doesn't use enriched fuel. In many ways, the configuration of
the design, the canisters, etc... is similar to the U.S. but
there are some differences; e.g., the canister is made from
titanium.
Mr. Bragg moved on to the AECB approach, noting more regulatory
flexibility than in the U.S. In Canada, they put more of the
burden of approach, design and justification on the proponent or
licensee. If the licensee is going to use expert judgment, he
needs to provide rationale and justification. They are trying to
avoid being too prescriptive at too early a stage. Mr. Bragg
pointed out that since there will only be one disposal site,
there is no great need to provide for prescriptive guidance. Mr.
Bragg underscored the Canadian regulatory point of view as
focusing on safety and-the environment. In this light, the AECB
will review the concept as if it were a license application. The
Canadians are looking for indications of concern; they do not yet
need details or even complete information. Mr. Bragg expects an
iterative process, where scoping and bounding calculation are
used until more detailed information becomes available.
Mr. Bragg cautioned the reliance on fixed detailed criteria,
since the ICRP revises its criteria periodically. Since a waste
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repository will need to provide for prolonged performance, the
applicable criteria must be able to weather such changes.
He
noted that the criteria needs to be: indicators only, practical,
understandable, stable and internally consistent. The only
criterion is:
Risk of death to a critical individual is limited to
10-6 per year over a 10,000 year period.
(Risk
probability of a scenario multiplied by its
consequences).
Even this is not a strict cutoff and beyond 10,000 years there
should be no sudden and dramatic releases (no planned
obsolescence).
In response to Dr. Pomeroy's question, Mr. Bragg indicated that
the risk was consistent with Canada's solid waste exemption
limit, as well as the ICRP and NEA 10-5 limit reduced by 10 to
account for multiple exposures. In response to Dr. Okrent, Mr.
Bragg indicated that this criterion applies in both the disturbed
and undisturbed scenarios. Mr. Bragg stressed that this
criterion applied to all radioactive waste, but just high-level
waste. He noted that, in general, the present environmental
criteria would hold for the future; siting should avoid limiting
access and use of resources and thus minimize burdens on future
generations. He stressed that in the Canadian approach, you
ignore future evolution on future states of society, since it is
so speculative and unreliable.
The Canadians define intrusion as unintentional and still apply
the 10-6 risk criterion. The engineering behavior must be
breached to qualify as intrusion. Mr. Bragg stressed that the
past is not an adequate indictor of the future; specifically
drilling rates in the past have varied so much that extrapolation
to the future would be meaningless. So they focus on an
intrusion resistant (e.g., very isolated) design without detailed
prediction of future behavior. He noted that the risk criterion
could change to reflect the revised ICRP approach (likely will
reduce by a factor of three or four).
In the area of compliance demonstration, Mr. Bragg noted a
dichotomy between description of reality and compliance with a
given limit. Mr. Bragg indicated that it is more fruitful to
look at system performance rather than predicting how society
will behave in the future. He focused on identifying critical
processes, making conservative assumptions and using natural
analogues. Using sensitivity analysis and the variability
between extremes in nature lead to addressing the potential
reality, rather than playing with the future psychology of human
behavior. In response to Dr. Okrent's question on the bounds of
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human behavior on system performance, Mr. Bragg acknowledged that
sometimes the bounds are so extreme that they do not provide
useful insights in design-related barrier systems.
In reality-oriented rationale for compliance, Mr. Bragg noted
reliance on "best estimates," detailed description of the
processes (models), large data bases, model verification and
validation, and good quality assurance. He feels that far too
much of the world community's effort in HLW disposal is in this
arena and not in the "limit oriented" compliance approach
discussed above. The ultimate decision will be a binary one, and
this reality-oriented effort will take far more time, money and
effort than is necessary for the decision. Mr. Bragg discussed
pit falls of overly sensitive models, and of confusing precision
with confidence.
Mr. Bragg then addressed expert judgment. The Canadians have no
specific position or guidance on expert judgment, in order to
provide flexibility in using it as well as other tools. He did
caution that expert judgment is inherent in all that we do; so
avoid formalizing it, or else you narrow its use. He further
cautioned trying to make subjective judgment objective by
imposing a formal facade of accuracy. He presented a list of
reasons why one should use expert judgment and noted conflicting
purposes. For example, getting the best information may lead to
eliminating another data, but then this conflicts with the best
expression of uncertainty. He also cautioned that in using an
expert judgment elicitation procedure, the purpose is strongly
tied to how the expert (or panel) is selected, trained, elicited
and how the result is presented. Depending on whether you want
the "best" answer or "best" uncertainty, as well as the attendant
audience will effect how expert judgment is accomplished.
Mr. Bragg ended his formal presentation by noting that expert
judgment is just a tool, that it had been oversold and misused.
He said that expert judgment had a role to play in technical
confidence, but not in the non-technical arena. Analogues and
simplifications are better suited to non-technical audiences.
Dr. Okrent commented that the 10- 6/year criterion is heavily
dependent on expert judgment, he further asked whether it was
solely an individual risk. Mr. Bragg responded that it is an
individual risk and that there is no collective risk criterion.
Mr. Bragg indicated that future change in human behavior, in
natural processes, etc.
were not included in the "equation."
In further response to Dr. Okrent, Mr. Bragg noted that the
Canadian situation represents a completely saturated system, so
that some of the processes in the U.S. approach are not at issue.
A discussion ensued regarding the interpretation of the risk
criterion (10-6/year) in a drilling scenario. Dr. Budnitz
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indicated that with the Canadian approach, almost any sensibly
designed repository, including WIPP, would meet such a criteria.
Mr. Bragg noted that demonstrating this compliance would still be
difficult.
Dr. Pomeroy asked whether there would be much public involvement
in the Canadian case. Mr. Bragg described a dynamic public
hearing system for each phase of the HLW repository licensing,
from conceptual to the actual construction. He expects
significant public involvement at the actual siting hearing. He
further noted that although there might not be suggestions to
move the site to an alternative, there might be some pressure to
consider alternative media; clay or salt instead of granite. In
response to Dr. Pomeroy's question on the relative merits of
implicit and explicit expert judgment, Mr. Bragg replied that the
proponent can use expert judgment, but there won't be any
regulatory requirements to use or not to use or how to use expert
judgment. What ever methods are used, they will need to be
rationalized and justified.
Dr. Steindler asked Mr. Bragg about the Canadian licensing
process for different kinds of nuclear facilities, and Mr. Bragg
responded that the same criteria applied to all. The difference
for the HLW repository is in the time scale. Mr. Bragg went on
to observe that it is a different regulatory environment in
Canada without the adversarial litigative proponent/intervenor
confrontations.
In response to Dr. Hinze's question on the impact of glaciation,
Mr. Bragg responded that the 10,000 year cut off was dictated by
that possibility. He noted, however, that the HLW repository
would be a minor issue in light of the effect of the glaciation.
B. Judd. Decision Analysis Company
Dr. Judd qualified his presentation by noting that it was
directed to the assessment of and analysis of testing priorities
for the Yucca Mountain (YM) site repository. He focused on two
topics: how to quantify uncertainty and risk, and then how to
reduce the uncertainty or risk (by gathering information). He
further observed that this effort has a broader scope than the
NUREG-1150 study, in that it extended to the consequences of the
processes.
Dr. Judd identified DOE's main purpose to develop a decisionaiding method to prioritize the tests for unsuitable site
conditions. It is a dynamic method which allows reprioritization
as information from early tests is evaluated. Furthermore, this
method provides for testing termination, i.e., when do you have
enough information to decide site suitability. He cautioned that
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this is a management tool. not a part of the license application.
The DOE has a priority list of all the fundamental processes of
concern in disqualifying or accepting a site for HLW disposal.
This list determines what needs to be tested and in what
priority. There was some uncertainty regarding the expected
consequence of gas release --specifically with respect to the
C-14 inventory -- Dr. Steindler expected it to be higher.

Dr. Judd also pointed out that in DOE's testing priority efforts,
that Eh and Volcanism/Magma have close to a 30% conditional
probability of a false positive result. The Volcanism/Magma also
has a low probability of detection approximately 62%. Dr.
Steindler questioned the high inaccuracy for the Eh test; Dr.
Judd indicated that the nature of the Eh experiment being
considered by DOE affected this. The test accuracy chart is an
intermediate result, which can be manipulated.
The various graphs presented by Dr. Judd provide the decisionmakers with detection benefits (i.e., increasing the probability
of accurate detection for any given testing procedure), false
alarm costs and avoidance of excess deaths relative to the
priority of the various tests. Gas release and complex geology
aqueous releases fall into the high priority testing region, but
these tests are also the ones associated with the largest falsealarm costs. In response to Dr. Moeller's comment regarding the
NRC 1000-year groundwater travel time (GWTT) restriction, Dr.
Judd agreed that with that additional requirement, the testing
priority would increase. In response to Dr. Okrent's question
about the relatively low test priority for volcanism, Dr. Judd
indicated that it was a function of the relatively low
probability of occurrence.
Dr. Judd then discussed expert selection and assessment
questions. He described a 5-step approach:
1.
2.
3.
4.
5.

Compile list of potential concerns (PCs) or issues to be
investigated through testing.
Assess and rank importance of each PC to waste isolation.
Compile list of studies/tests addressing important PCs or
issues.
Assess and rank the tests addressing important PCs or
issues.
Evaluate testing priorities.

In response to Dr. Pomeroy's question, Dr. Judd indicated that
expert panels assessed and ranked the issues in step 2 above.
Dr. Judd remarked that some of the experts changed their original
informal ranking and that this change was mostly due to
overlooking some portion of the pertinent information. In
response to Dr. Steindler's question regarding test accuracy, Dr.
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Judd indicated that accuracy was based on field experience, not
textbook reference. In the first step the assessment
participants selected 32 PCs. Regulations in 10 CFR Parts 60
and 960 formed the basic PCs with other concerns raised by
industry, states and other workshop participants. In step 1, Dr.
Judd indicated that assessment thresholds for the PCs needed to
be defined; e.g., 1000 years for GWTT. Their probabilities were
derived for whether the threshold was surpassed or not. Dr. Judd
expressed his preference for expert assessment at a more simple
level than to decompose the problem to its detailed elements and
then to aggregate back to the less detailed step, if possible.
He indicated that sensitivity analysis should be used to decide
whether to decompose a PC to its detailed components; e.g., GWTT
to flux, flow velocity, hydraulic conductivity, distance, etc.
The governing criterion should be the specific level of
complexity at which the analysis is to be done and at what level
the rationale must be explained; e.g., for the decision maker's
benefit. The decision maker may have difficulty understanding
the rationale for a decision, if the supporting information was
developed purely on a decomposed, detailed and complex level.
Dr. Steindler took issue with this approach and raised the
scenario of a decision maker terminating some effort, only to
find out too late that it should have been completed. Dr.
Steindler indicated that working at a simpler top layer for
expert elicitation, as opposed to relying on extensive
elicitation, could lead to that kind of scenario. Dr. Judd
responded that this is the kind of trade-off that needs to be
addressed in the face of other constraints, such as schedules,
cost, etc. Dr. Budnitz observed that the degree of decomposition
is often driven by the level of detail at which the knowledge
exists.
-

Dr. Judd moved on to step 2 --

assessing and ranking the

importance of each PC. Of the participants, twenty experts were
selected to judge the importance; these experts came from six
organizations involved in the testing/analyzing for Y.M.
characterization. Dr. Judd acknowledged the loss of "outsider
insight," but that was one of the trade-offs. There was overlap
of expertise, but the experts had received elicitation training.
The panel of twenty provided probabilities based on the PC, its
measure, its threshold, its consequence, other pertinent
conditions, and its release. The product of the various
components resulted in the importance of the PC. In response to
Dr. Budnitz's observations, Dr. Judd indicated that there were
instances of panel participants reacting negatively to posed
questions, either by refusing to be elicited or by altering the
questions posed or even by providing answers of little
usefulness. Dr. Judd displayed the importance of human intrusion

