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INTRODUCTION

The Association of Engineering Geologists (AEG) is pleased to have an opportunity to participate in
the rule making regarding nuclear reactor site criteria (10 CFR Parts 50, 52, and 100) as indicated in
the Federal Register of Tuesday, October 20, 1992 (vol 57, no. 203, p. 47802-47821). The comments
presented below constitute the official position of the AEG, and have been prepared jointly by AEG's
Engineering Geology Standards Committee and Seismic Safety Committee. The AEG is a society of
approximately 3,000 professional engineering geologists.

The AEG understands that one of the objectives of the Nuclear Regulatory Commission (NRC) in the
proposed rule making is 1o provide a stable regulatory basis for seismic and geologic siting of future
nuciear power plants. A second objective is to create a flexible structure to permit the NRC 1w
consider new technical understandings. One of the key issues in the proposed amendment to reactor
site ¢ri.ra is the requirement of the use of probabilistic evaluations as well as deterministic evaluations
10 define the Safe Shutdown Earthquake Ground Motion (SSE) for a reactor site. Furthermore, the
proposed amendment ar . “~aft regulatory guide DG-1015 “Identification and Characterization of
Seismic Sources, Determinisdc Source Earthquakes, and Ground Motion™ would mention specifically
seismic hazard evaluations conducted by the Electric Power Research Institute (EPRI) and
Lawrence-Livernore National Laboratory (LLNL). Both the EPRI and the LLNL studies were
probabilistic evaluations in which "expert opinions” were manipulated statistically as though each
expert's opinion were equally accurate, and the best representation was the statistical average or
median of the opinions of the experts.

The AEG is very concerned about the use of probabilistic evaluations, particularty those based on
expert opinion, to develop the SSE for a reactor site. The AEG believes that requiring the use of
probabilistic evaluations and specifically mentioning the EPRI and LLNL studies as examples of
acceptabie procedures are contrary 10 NRC's objectives of creating a flexible structure and a stable
regulatory basis. Requiring the use of probabilistic evaluations is less flexible than acknowledging that
such evaluations may be useful but aliowing the SSE to be developed by the deterministic procedures
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described in Appendix A to 10 CFR 100. The expert opinion element in the EPRI and LINL
probabilistic evaluations would tend 1o create a decidedly unstabie licensing environment by providing a
framework for pitting the applicant's "experts” against the "operts” produced by those opposed to the
reactor.

The AEG is generally in favor of applying probabilistic proceduses to quantifying natural processes for
risk assessment. Clearly, if all hazardous processes 1o which a site may be oposed are 10 be
considered collectively, they must be expressed in similar quantitative terms. At the present time,
however, probabilistic eva'uations can be misused. For exampie, it would be a relatively straightforward
process to calculate the risk of a voicanic eruption in Houston, Texas, based on the surface area of the
carth and the rate of recorded voicanic eruptions during hictoric time. The resuiting calculation, of
course, would be meaningless because of the current tectonic setting of Houston. This example is easy
10 visualize. Other misuses of probabilistic evaiuations are more obscure. AEG believes that
probabilistic evaluations of natural processes other than floods have not been widely accepied, and until
such evaluations have been accepted, requiring their use where public heaith and safety are at risk is
unwise and should not be done.

The evaluations required by Appendix A 10 10 CFR 100 are considered to be "deterministic”; however,
they are inherently probabilistic by virtue of the definition of a capable fauit. Consequently, a fault that
has not created deformation at or near the land surface once in the past 35,000 years or more than
once in the past 500,000 years is considered "safe” in terms of defining the SSE for a site. Such a
definition not only is probabilistic in nature, it is an explicit statement of acceptable risk. [The AEG
notes that the proposed Appendix B to 10 CFR 100, paragraph I1I(1), uses 50,000 vears in lieu of
35,000 years in the definition of a capable tectonic source.] Furthermore, relationships among
ecarthquake magnitude, iength of surface fault rupture, and surface displacement for historical
rarthquakes are statistical regressions, as are estimates of ground motion based on strong motion
records generated by historical earthquakes with known megnitude and distance from the recording
site. The scatter in the data upon which estimates of earthquake magnitude or ground motion at a site
are based is expressed statistically as the standard error of regression. The NRC staff indicates that
probabilistic methods can provide an explicit expression for the overall uncertainty in the ground
motion estimates [paragraph V(B)3)]. The statistical uncertainty based on data collected from
historical earthquakes can be expressed in the context of the existing Appendix A 10 10 CFR 100,
without modification. The AEG believes that placing statistical uncertainty on expert opimons has little
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sound basis at the present time, and believes that public health and safety is best served by a
detenninistic evaluation of the seismotectonic regime based on detailed geologic and seismic
examination which in tum are based on the mulliple working hypothesis. A probabilistic seismic risk
assessment is based on an earthquake recurrence reiationship that expresses the number of earthquakes
equal to or exceeding a range of magnitudes up to the Maximum Earthquake. The rate of occurrence
of earthquakes exceeding a given magnitude {the Gutenberg-Richter b-value) and the Maximum
Eanthguake may be estimated from historical earthquake records or by an expert's opinion of what the
values "ought 10 be".

Although probabilistic seismic hazard assessment methodologies have matured during the past 20 years,
the AEG believes they are still as yet inappropriate for defining the SSE at a site. On the other hand,
probabilistic assessments appear to be well suited for defining the Operating Basis Earthquake (OBE)
ground motion, or assisting an applicant in making a choice of an OBE equal to one-third or less of the
SSE, as would be included in the proposed Appendix B 1o 10 CFR 100. The AEG beiieves that the
issue of acceptable nisk must be addressed in its broader context before the results of probabilistic
seismic nisk evaluations for defining the SSE at a reactor site have a chance of being widely accepted
by public decision-makers on behalf of the general public.

Following are specific comments of the AEG on the "Proposed Rule Making."
V. Major Changes
B. Seismic and Earthquake Engineering Criteria
NRC. 1. Separame Sising from Design
Comment: The AEG believes this is an appropriste action.
NRC: 2 Remove Desailed Guidance from the Regulation
Comment: The AEG believes this is an sppropriste action. However, detailed guidance

relating to probabilistic assessment procedures acceptable to the NRC would be
contained in & Draft Regulatory Guide DG-1015. For all practical purposes, the AEG
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believes the Regulatory Guide will be interpreted as part of the regulation. Therefore, the
Regulatory Guide must be worded carefully o preserve the desired flexibility in applying
basic principles to new situations and the use of new data sets of dramatically higher
strong ground motion and evolving methods of analyses in the licensing process.

3. Use of Both Derermunistic and Probabilisuc Evaluations

The proposed regulation would require the use of both probabilistic and deterministic evalua-

nons.

Comment: The AEG strongly recommends that only the deterministic evaluations be
required for determining the SSE. Probabilistic evalustions may be useful, but they
should not be reguired.

Using this dererministic approach, an applicars develops a single set of eanhquake sources,
develops for each source a postulated earthquake w be used as the source of ground motion
Hhat can offec the sue, locates the postulated eanthguake according 1o prescribed rules, and
then calculates ground motions at the site. Although this approach has worked reasonably
well for the past rwo decades, in the sense thar SSEs for plarus sued with thus epproach are
nudged 1o be suusably conservazive, the approach has not explicily recognized uncenainty in
peosaenice parameier. Because so liale is known abow eanthquake phenomena (especially in
the eastem Unued Sunes), there have always been differences of opinion among the expens as
10 how the prescribed process in Appendix A is w be camed ow. Expens ofien delineate very
differeru estimaies of the largest eanhquakes w be conndered and different ground-motion
models.

Over the past decade, analysis methods for encompassing these differences hove been devel-
oped and used. These "probabiistc” methods have been designed 1o allow explicu incorpo-
ration of different models for zonarion. eanhquake size, ground monon, and other parameters.
The advantage of using these probabilistic methods is their abiity w0 not only incorporate dif-
ferent modeis and different dara sets, but also 1o weight them using judgmenzs as o the
validiry of the different models and data sets, and thereby to provide an explici expression for
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the overall uncenainty in the ground motion esimates and @ means of assessing sensuivity 0

Comment: The uncertainty in this context was analyzed in detail by

Dr. Ellis L. Krinitzsky as part of the 1992 Richard H. Jahns Distinguished Lecture in
Engineering Geology. Attached (enclosure 1) is the text of Part One of the Lecture which
is the part that d=als with uncertainty. Dr. Krinitzsky demonstrates thet the procedure
for analyzing uncertainty is logically defective and produces worthless results. The AEG
reguests that the requirement for evaluating uncertainty in this context be eliminated
from the propesed changes.

The saff proposes o use both the desermunistic (currenuly being used ) and the probabilistic
evaluarions wgether and compare the results of each o provide insights unavailable if eiher
meshod were used alone.

Comment: The AEG strongly sdvises that the requirement for using the probabilistic
method be eliminsted. A major problem is that the Gutenberg-Richter earthquake
magnitude and recurrence refation (the b-line), which is the heurt of seismic probability
theory, is defective for predicting large earthquakes. The SSE is defined by the maximum
credible earthquake regardiess of the probability of its occurrence beyond the implicit
definition of capable tectonic sources. A great body of work has come into being during
the lust 15 years that establishes the deficiency with recurrence relationships for
predicting large earthquakes.

Using both probabilistic and desermunistic evaluations w complemens each other should lead
1o a more stable and prediciable licensing process than in the pas:.

Comment: The AEG believes that probabilistic evaluations based on expert opinion
introduce unsubstantiated and erroneous results. Furthermore, relyving on & statistical
expression of expert opinions promotes instability by encouraging those opposed to 8
project to hire 8 group of experts who have opinions that are more conservative than the
applicant’s experts.
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NRC:  In order to implemery this approach the NRC has proposed o requiremen: that the annual

probability of exceeding the Safe Shusdown Eanhquake Ground Motion a: o sae be lower
than the median annual probability of exceedance compused for the currer: population of the
operating plarus. This requiremen: assures tha the design levels at new sues will be
comparable 10 those ai many existng sues, paricularly more receruly licensed sues. This
crisenon is also used w idenstfy significaru seismic sources, in terms of magniuude and
disance, affecting the esimazes of ground motions at a sie.

Comment: The philosophy of the SSE and the concept of the median annosl probability
of exceedance are incompatible. Until an sgreed upon ievel of acceptable risk Is defined,
explicit estimstes of the probability of exceedance imply thet more is known sbout
temporal varisbility of earthquakes than is sctually known. Such implications, hidden by
very small annus! probability estimates, may appear to the public to be an attempt to
establish acceptable risk without & commensurate probabilistic assessment of the
consequences of an earthquake exceeding the SSE.

Furthermere, selecting the median annual probability of exceedance indicates that
opinions from each expert are given equal weight. Therefore, conservative opinions and
non-conservative opinions offset each other. The AEG believes that relying on expert
opinion to identify significant seismic sources is not in keeping with the underlying goal
of the reactor siting criteria — protecting public health and safety.

NRC: 4. Safe Shuadown Earthquake

Comment: The AEG believes this may be an appropriate action, but defers to the
structural earthquake engineering commanity for specific comment.

NRC: 5. Value of the Operating Basis Eanthquake Ground Mouon (OBE ) and Required OBE
Analyses

NRC: An applicans may determine that @ one-third of the SSE level, the probability of exceeding the
OBE vibrawory ground motion is too high, and the cost associaved with plary shutdown for
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inspecrions and tesung of equipmen: and structures pmor 1o resiarang the plans is
unaccepeable.
Comment: The AEG believes the application of probabilistic seismic risk evaluations tied
to & consequence that may or may not be judged acceptable is an appropriste use of
probabilistic procedures. In this use, it is the consequences that are judged acceptable or
unacceptable by the applicant whe also is responsible for conducting the probabilistic
analysis.
NRC: 6. Required Plaru Shuadov:n
Comment: The AEG bas no comment on this major change.
NRC: 7. Clanfy Inerpreiazions
Comment: The AEG has no comment on this major change.
X1. Questions

B. Scismi ineering Criteri

NRC:

NRC:

There is a general consensus within the NRC naff thar the revised seismic and geological
suing cruena should ollow consideration for a probabilistic hazard analysis.

Comment: The wording “allow consideration for” is quite different from “require”. The
AEG believes that the SSE should be determined on the basis of detailed geologic and
seismologic investigations, not on expert opinions per se. It must be recognized that
geologic and seismologic investigations provide the basis for interpretations (opinions)
that are used to determine the SSE. The emphasis must remain on the fundamental
geologic and seismologic evidence, rather than on the reputations of the various experts.

1. In making use of both derermunistic and probabilistic evaluations, how should they be
combined or weighted, that is, should one dominaze vver the other? (The NRC saff feels
srongly thar deterministic investugations and their use in the development and evaluation of
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the Safe Shudown Eanhquake Ground Motion should remain an imponan aspect of the
suing regudanons for nuclear power plants for the foreseeable future. The NRC suaff also feels
thar probabilistic sewsmic hazard assessmers methodologies have reached a level of matuniy to
warrans @ specific role in siing regulations. )

Comment: For reasons previously stated, the AEG strongly advises thet no probability
procedure be required for determining the SSE. The AEG believes that prebabilistic
procedures mey be sppropriate for estimating the OBE or the consequences te structures,
systems, or components (such as piping) given the eccurrences of the SSE.

2. In making use of the probabilistuc and desermunuuic evaluations as proposed in Draj
Regulaory Guide DG-1015, is the proposed procedures [sic] in appendix C w DG-1015,
adeguae 1o determine conzrolling earthquakes from the probabidistic analysis?

Comment: The AEG has two basic comments regarding Appendix C to Draft Regulatory
Guide DG-1015. In general, however, it is the AEG's peosition that the SSE should be
defined on the basis of thoroagh knowiedge of the geologic and tectonic conditions of the
region in which 8 reactor may be located. The SSE must represent the most conservative
reasonable earthquake regardless of its probability of eccuwrrence. With these comments
in mind, the AEG believes Appendix C to DG-1015 is not appropriate for defining the

SSE, although it may be sppropriate for estimating the OBE.

The primary objective of Appendix C to DG-1015 appears to be 8 demonstration that the
procedure will result in SSE ground motion estimates comparable with design bases of
currently operating power plants. This objective is based on the concept that the SSE

ground metion for currently operating power plants represents acceptable risk. While
this level of risk may be considered appropriate by the NRC staff, it is not clear to the

AEG that it has been widely accepted by public decision-makers on behall of the general
public. This is particularly concerning because the level of risk represents the median
value of the opinions of & group of experts. What makes the expert whose opinion is
least conservative s reliable as the expert whose opinion is most conservative?
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Section C2.2 of Appendix C to DG-1015 notes that less uncertainty exists in the western
US. regarding the significant contributions to the seismic hazard, and the controlling
carthquakes generaily can be defined deterministically. Therefore, a probabilistic data
base for the western LS. is not evailable. The AEG believes that the research emphasis
should be on improving the understanding of the geology and tectonics of the eastern
US. rather than trying to quantify the uncertainty of the current understanding.

3. In daermuung the comrolling earthquakes, should be [sic] median values of the seismic
hazard analysis, as described in appendix C w Draft Regulasory Guide DG-1015, be used to
the excdlunon of other ssatistical measures, such as, mean or 85th percenniie?

Comment: The philosopby of the SSE and the concept of an snnual probability of
exceedance are incompatible. After all, the SSE is the Maximum Earthquake; it has no
practcal annual probability of being exceeded. Use of probabilistic evaluations should be
restricted to estimating the OBE or conseguences to structures, systems, or components
given the occurrence of the SSE. Relying on the median (or the mean or the 85th
percentile) value would constitute an explicit acceptance of risk. The AEG believes the
concept of risk should be transiated to an analysis of consequence; then the acceptable
level of risk becomes & public policy issue, not & geologic or seismologic issue.

4. The proposed Appendix B 1o 10 CFR pant 100 has included in Paragraph V(c) a criterion
that suates: “The annual probabiity of exceeding the Safe Shu own Eanhgucke Ground
Motion s connidered accepably low if i is less than the meg.an annual probahility computed
from the current |[EFFECTIVE DATE OF THE FINAL RULE] population of nuclear power
plants.” This is a relative criterion without any specific numencal value of the ennual
probability of exceedance because of the currery suatus of the probahilistic seismic hazard
analvsis. However, this requiremens asswres that the design levels a: new sues will be
comparahle 10 those @@ many exsung sites, paricularly more recendy licensed sues. Method
dependery annual probabilities or warpet levels (eg., 1E4 for LLNL or 3£-5 for EPRI) are
identified in the proposed regulatory guide. Semsuivity studies addressing the effects of
different tarpe probabilities are discussed in the Bemrewser 10 Murph, leter repon. Commenis
are solicited s 10: (a) whether the above cruenon, as suned, needs to be included in the
regulation? and, (b) if not. should it be included in the regulation in a different form (eg.. a
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specific numencal vaiue, a level other than the median annual probabiity compnaed for the
currens planis )?

Comment: The AEG believes that probabilistic methods are inappropriate for
determining the SSE, and that the concent of the SSE and an exceedance probability are
incompatible beyond the exceedance probability explicit in the definition of & capable
tectonic source. It is the position of the AEG that specifying probability values or target
levels implies that more is known sbout the temporal variability of earthquake processes
than is sctually known. The AEG recommends that no probability values for the SSE be
included in the regulation in any form. Probabilistic evaluations for selection of the OBE
may be appropriate for reasons described emrlier in this response.

PART 100 - REACTOR SITE CRITERIA

Appendix B to Part 100-Criteria for the Seismic and Geologic Siting of Nuclear Power Plants On or
Alfter [Effective Date of the Final Ruie]

1. Scope

NRC' Both dererministic and probabilistic evaluations must be conducted w dewerrmune sue

v,

NRC

sunabiity and seismic demgn requiremers for the sue.

Comment: The AEG recommends that the requirement for probabilistic evalustions be
eliminated for reasons described in earlier parts of this response.

Reguired Investigations

The geological, sesmological and engineening characreristics of a sue and s environs must be
investigated in sufficien: scope and dexail 10 permit an adequaie evaluarion of the proposed
site, o provide sufficient information 10 suppon both probabilistic and deserminisnic
evaluations required by these cruena, and 10 permut adequate engineenng solurions to actual
or potenzial geologic and seismic effects ar the proposed sue.

i0
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Comment: The AEG recommends that the requirement for probabilistic evalustions be
eliminated in determining the SSE for ressons described in earfier parts of this response.

V. Seismic and Geologic Design Bases

(a) Determination of Deterministic Source Earthquakes.

NRC'  The uncenainty in dexermuning the deterministic source earthquakes must be accoursed for in

Comment: The AEG recommends that the requirement for determining uncertainty and
accounting for it in & probabilistic anaivsis be eliminsted in determining the SSE for
reasons described in earlier parts of this response.

(b) Determination of the Ground Motion at the Site.

NRC: The ground motion at the site must be estimated from all eanhquakes, including the
determunistic source earthquake assocumed with each source, which could potentially affect the
sue uning both probabiistic and derermirustic approaches. ... Appropriaze models, including
local size conditions, must be used w0 account for uncenainty in estimaung the ground motion
Jor the sise.

Comment: The AEG recommends that the reguirement for using probabilistic
approsches and accounting for uncertainty with appropriste models be eliminat<d in
determining the SSE for reasons described in earlier parts of this response.

(¢) Determination of Safe Shutdown Earthquake Ground Motion.

NRC: Deterrmunistic and probabiiistic seismic hazard evaluations must be used 10 assess the
adeguacy of the Safe Shuzrdown Eanhquake Ground Motion.

Comment: The AEG recommends that the requirement for prebabilistic evaluations be
eliminated in determining the SSE for reasons described in earlier parts of this response.
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EARTHQUAKE PROBABILITY IN ENGINEERING

The Third Richard H. Jahns Distinguished Lecture

in Engineering Geology

by
Ellis L. Krinitzsky
Geotechnical Laboratory
Waterways Experiment Station
Corps of Engineers

Vicksburg, Mississippi, U.S5.A.
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INTRODUCTION TO
THE THIRD RICHARD H. JAHNS DISTINGUISHED
LECTURE IN ENGINEERING GEOLOGY
By
George A. Kiersch
Professor Emeritus, Geological Sciences
Cornell University, Ithaca, NY 14850

U.S.A.

The Richard H. Jahns Pistinguished Lecture in Engineering Ceology 1is
sponsored jointly by the Geological Society of America’s Engineering Geology

Division and the Association of Engineering Geologists. It is both 2 memorial
to Professor Dick Jahns for his distinguished contributions to Engineering
Geology theory and practice and a distinctive honor to the recipient,
Dr. Ellis Krinitzsky, in recognition of his scientific stature among
geoscientists and acceptance by practitioners worldwide. This award, with its
joint spomsorship by the two geologically-oriented professional societies for
engineering geologists in America, was envisioned as the highest recognition
of distinguished professional attainment in the discipline. By acceptance,
the awardee agrees to present a special-subject lecture at selected American
Universities that contribute to enhancing the stature of Engineering Geology,
as does Dr. Krinitzsky’'s on "Earthquake Probability in Engineering." Ellis L.
Erinitzsky is the recipient of this honor for the year 1991 and is the third
outstanding scientist/practitioner to be selected.

Dr. Krinitzsky has had an exceptionally cutstanding professional career
in engineering geology as a government scientist/servant, teacher and

counselor to several decades of aspiring geologists, and consultant/
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practitioner worldwide providing guidance for engineered works. He is a
Senior Research Scientist, in Geoscience, at the Waterways Experiment Station,
U.S. Army Corps of Engineers, in Vicksburg, Mississippi and holds degrees from
Virginia Polytechnic Institute, University of North Carolina, and Louisiana
State University where he received his doctorate. His ~areer involvements
have included site exploration, alluvial sedimentation, riverbank
stabilization, construction cf roads and airfields using laterites,
radiography in soils testing, foundations for dams, geological-seiswmological
evaluation of earthquake hazards, and the specifying of earthquake ground
motions at engineering sites. Dr. Krinitzsky is the principal advisor to the
Corps of Engineers and the Department of the Army on geclogical-seismological
assessments for major engineering projects. He has published more that 50
technical papers and produced 3 books. His activities include membership and
service as an officer and committee member in nine professional societies. He
holds adjunct professorships at Texas A&M University and Mississippi State
University for whom he teaches graduate courses in Engineering Geology and
Engineering Seismology, respe tively. He is also Editor-in-Chief of the
International Journal of Engineering Geology.

Besides being named the Richard H. Jahns Distinguished Lecturer in 1991,
other awards received by Dr. Krinitzsky include: the Research and Development
Achievement Award, and the Decorstion for Meritorious Civilian Service, from
the Department of the Army; the Meritoriocus Service Award of the Geological
Society of America; and the Best Paper Award of the Association of Engineering
Geologists.

His principal interest is in earthquake studies. He has made seismic
safety evaluations for dozens of major dams and other critical structures and

published studies for the performance of such assessmwents. During related
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field investigations he has reconnoitered the sites of major earthquakes
worldwide, that include ones in China, Australia, Argentina, Mexico, Italy,
Balgaria, Costa Rica, Guatemala K San Salvador, and other countries. Thus, he
comes unusually qualified and field-experienced for his Jahns Lecture topic of
Earthquake Probability in Engineering.

Earthquake probability, better known as Probabilistic Seismic Hazard
Analysis, was a full grown concept by the late 1960s. The method subsequently
gained wide acceptance with strong advocates. That has continued to the
present.

Dr. Rrinitzsky, as clearly evident in his lecture, is less than an
admirer of the probabilistic analysis for estimation of earthquake ground
motions. He has long felt the method is an expensive approach and provides
unsatisfactory data for the design practitioner. His lecture develops in
detail the reasons for this evaluation and why he does not feel that
probability is wholly suitable for design purposes today. He has provided a
scan of ideas and observations that come together as a powerful critique of
seismic probability. Surprisingly, Dr. Krinitzsky's critique is unusual.
Throughout the 25 years that the probability method has been widely used and
accepted, there has not been a single technical paper offered that gives an
encompassing criticism and re-evaluation of the method. Dr. Krinitzsky's
lecture and publication is a "first" and an innovative mew look at one of
today’s widely-held scientific beliefs. After study, the reader may feel a
personal urge to re-examine the probabilistic approach for estimating
earthquake ground motions.

Predictably, criticism of the probability approach will be regarded as
controversial Throughout his lectures, Dr. Krinitzsky quickly realized that

he angered many in his audiences. Personally he will tell you -- those were
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the very scientists he wanted 1o reach and impact, and they are the ones that
must be willing to re-think the approach and reconsider the merits of the
deterministic approach for earthquake ground motion assessment.

1 believe you will find Dr. Krinitzsky's lecture to be an important
scientific contribution that is both thought-provoking and stimulating.
Moreover, 1 am sure he invites the readers to examine his views with care and

then form their own opinions.

George A. Kiersch
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Introduction i

We tend generally to assume that several heads are better than one and
that experts are more knowledgzeable than ordinary practitioners. It follows ‘

that engaging a group of experts should be the best way to master a problem.

This avenue has been examined and the results are instructive. They may also
be unexpected, especially if you have not had experience in dealing with large

numbers of experts.



Experts on Probabilistic Earthquake Ground Motions:

The Okrent Study

Okrent (1975) engaged seven experts to give probabiiistic estimations of
earthquake ground motions at eleven nuclear power plant sites. Locations were
broadly distributed over the United States, taking in a variety of geological
and seiemological environments. The experts were given the description of
local geology and seismology provided in the Safety Analysis Report for each
nuclear power plunt, thus they all were provided with the same basic informa-
tion. They were not asked to make independent studies. They provided
probabilistic motions at recurrence rates of 10%/year and 10%/year.

Table 1 gives a comparison of the ranges in values that Okrent obtained.
Note that ten of eleven sites have accelerations that vary by factors of 8 to
10. Factors of 2 to & predominate for durations, but one factor is 10, and
one site ranges from "few" to 30 seconds. Cycles per second have the greatest

variances, mostly from 1/3 to 10 or 15.

Comment

Imagine trying to generate accelercgrams for engineering analyses by
using these parameters. Is it possible that critical strucrures such as
nuclear power plants may have been designed and built from expert judgments
that made no more sense than these?! David Okrent was onto something very

disturbing.
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Experts on Faults: The Eguchi Study

Eguchi and others (1979) performed a similar opinion survey, this time
concentrating on geological information. They engaged 14 experts to assign
dimensions for mapped earthquake-generating faults. The experts also were
asked to interpret slip rates and maximum credible earthquakes. Published
fault maps were provided for the states of California, Nevada, and Arizona,
plus a2 tectonic map of the United States. The experts were asked their
opinions of individual faults. There was no field work. They were allowed to
decide if they were knowledgeable about the respective faults. They could
choose to give an opinion or decline.

Eguchi does not tell us what his experts were experr in. 1 tried to do
that in a limited sense by tabulating their disciplines:

Geology: B8 persons

Geophysics: |

Seismology: &

Theoretical mechanics and geology: 1!

Table 2 contains a selection of the ranges in their expert opinions on
faults in California and Nevada. Opinions on fault lengths for sections of
the San Andreas fault were pretty much in agreement but for the corresponding
maximum credible earthquakes there was a divergence of 0.5 to 0.75 of an
earthquake magnitude unit. And, the differences were more pronounced for slip
rate and fault depth. Factors were as much as & for each. Also, when the
faults were less well known than the San Andreas, the opinions on lengths were

in much greater disarray. Table 2 gshows there were ranges for fault lengths
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up to a factor of 6. The corresponding maximum credible earthquakes varied by
one to 2-1/2 magnitude units., Slip rate variances ranged up to & factor of
15.

Interpreting faults from maps only, seems to me to be an invitationm to
disaster. To have done it properly, the experts in the Eguchi study should
have flown over the faults, made airphoto studies, walked the faults, dug
trenches, studied the displacements, obtained seismic profiles, performed age
dating to determine recurrent movements, and done whatever else that might be
relevant. They needed first-hand knowledge of the field evidence. They did
not have it and the study shows the lack. Note that where there is a well-
known fault, the San Andreas, the expert opinions on lengths of segments are
not far apart, but the estimares for slip rate and for depth of fault are
again widely disparate. Though the Eguchi study has very little to enlighten
us about faults, it has some important things to teach us about experts.

To deal competently with earthquak:~generating faults, the expoert needs
to be a mature geologist who is experienced in dealing with the field evidenc-
es of earthquakes. A seismologist or a geophysicist may not have this
background nor this skill. The expert in theoretical mechanics and geology
right have been excellently qualified, but only if he also had the requisite
geological field experience. On the face of it, I would say at least a third
of Eguchi's experts did not have the expertise needed to give expert opinions
on fault lengths.

The 10 and 12 to 40 km depths given by the experts tor the San Andreas
fault are of special interest. More than a decade before Eguchi began his
study, the U.S. Geoclogical Survey (USCS) had embarked on an ambitious program
of monitoring microearthquakes along the major faults in California  The USGS

is very good at keeping the profession informed of its activities. An

i



ram IEESrTY — A pe— B S W A —— e o e A e e e e e e s R e iy T —— PR ——

important early paper by Eaton and others (1970) reported that microearth-
quakes along the 5an Andreas occurred to a depth of 15 km. Maxioum activity
was between one and about 13 km. Later observations extended the depth to
about 20 km, and that value is cited in the Eguchi report (p. 45). The
experts who gave Eguchi the 10 to 12 km depths were evidently acquainted with
the field evidence in the USGS studies, but they introduced an element of
individual interpretation into their estimates. For a maximum earthquake
which at that time would have been expected to break the ground surface and to
have been initiated by displacements within the underlying ductile zone,
thereby rupturing the entire brittle layer, dimensions of at least 15 km would
have been appropriate. Thus, the dimensions given by the experts are their
personal estimates but their reasons are not given.

Another issue in the depth values is the estimate of 40 km. The 40 km
does not agree with the cited evidence. The explanation is inescapable: at
least one so-called expert had no idea of what was common knowledge for a

decade.

Comment

The above expert opinions on faults show:
(1) experts were engaged to answer questions that were
not in their areas of expertise, and
{2) answers were given that are personal interpretaticns in
which experts modified the observed information
i think the Eguchi study teaches us that offhand opinions of a group of
experts on faults is not 2z satisfactory substitute for one good data collec-

tion and field study by a competent geclogist.
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1he Vallecitos Controversy: Polarized Opinions

In 1977, the Nuclear Regulatory Commission (NRC) shut down General
Electric's test reactor at the GE Vallecitos Nuclear Center near Pleasanton,
Californuia. The shutdown was ordered when Darrell Herd, a geologist with the
U.S. Geological Survey, mapped a fault about 200 ft from the site of the
reactor. It was a low-angle thrust fault and was interpreted to be associated
witr. the Veroma fault, a known feature in the area.

Earth Science Associates (ESA), a contractor to GE, examined Herd's
evidence and corcluded that there was no fault and that the low-angle shear
resulted from a landslide. The fault and landslide for the same feature are
shown schematically in Figure |. Later, ESA found "shears" in a trerch on the
other side of the reactor. These dipped underneath the reactor.

The events that were unfolded at Vallecitos were described in a delight-
fully well-written and easy-to-read book by Richard Meehan, The Atom and the
Fault (1984). Meehan is a born raconteur and has an engaging sense of humor.
His book chronicles his view of the battle that took place between opposing
experts. One group accepted a landslide which posed mo hazard to the reactor
while the other believed an earthquake-generating fault existed at the reactor
site.

Meehan depicts the USGS and the NRC as staffed by unsavory characters
whose opinions were flawed and unacceptable. Consequently, the argument
became polarized and acrimonious. Table 3 documents this controversy with its
pros and cons. Rice and others (1979) discuss the many problems associated
with these views. Other commentaries on the controversy are presented by Hund
{1986), Kiersch and James (199)), and Bomnilla (1991).

ESA and Meehan fought heroically against any change in the landslide

R v e—

T e | | e e W g W S e I NS =




BT T RItIE m T

interpretation even though ESA found thrust movements in trenches dug across
the extension of Hercd's Verona fault. Later ESA located what they called
"thrust-like splays” from the Verona fault adjacent to the reactor, but ESA
did not alter their views. They argued the splays were not a "major struc-
ture,” but did not define what "major" meant. Eventually, ESA retreated to
the extent of saying that both the landslide and rhe fault were indeterminste.
During the legal proceedings, the General Electric Company allowed that the
Verona fault could exist ané could cffset the reactor by one meter. However,
Meehan then turmned to probability theory and said that the fault would have a
one-in-one-willion chance of rupturing. In his book, Meehan does not mention
that Slemmons (1979) showed that probabilistic reasoning had no validity at
the site for several very cogent reasons (see Table 3): a lack of dates of
earth movements, an unknown geometry of displacement; alternatives in inter-
pretations, and no evidence of a needed random, or Poissonian distribution of
earthquakes. Regardless, Meehan continued to support the probabilistic
interpretation.

Finally,the whole controversy was made moot by Meehan himself. He
testified to the revicw board that no fault wmovement could break the 5-ft-
thick concrete slab on which the reactor, about the size of a garbage can, was
placed. This principle was learned a decade earlier, during the Managua,
Nicaragua, earthquake of 1972. A fault moved beneath the Banco Central
building without causing any significant damage. The Banco Central had 45-cm-
thick concrete walls and floor in its basement. For discussions of this
experience see Wyllie and others (1977) or Niccu, and others (1977).

Permission was granted to operate the reactor, but the controversy had
dragged on for five vears and GE's market for the reactor’s products had been

destroyed and a profitable business could not be revived.
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The never answered question, heard many times since: why did so many
high-powered experts, working energetically on this problem, take five years

to arrive at this simple, no-cost solution?

Comment

At Vallecitos the expert opinions were polarized and remained so through
the five years of acrimonious disputes and is so today, more than a decade
later. To speak of this case with the principal players uncovers wounds that
have never healed. The Vallecitos dispute was rife with all of the hang-ups
that plague group decision making:

(1} the influence of strong personalities on both
sides,

(2) promotion of decisions prior to examining the
problem in all of its dimensions,

(3) anchoring of views so that changes are resisted,

(4) biases with covert judgments that are never
adequately explained, and

{5) group pressures for conformity.

The dispute merits the attention of a psychologist. It is a clear case
of what Leon Festinger (1962) called gognitive dissonance. Festinger believed
that once a person makes a decision and commits himself to a course of action,
his psychological behavior alters powerfully The person comsciously turns
away from beirpg objective. His partialities and biases are strengthened and
so is his resistance to accepting alternative views. The Vallecitos contro-

versy is 2 case book for Festinger's views.
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Industry Practices in Specifying Earthquake Ground Motione:

The Krinitzeky Survey

Erinitzsky (1980) collected examples of the methods by which earthquake
ground motions were assigned for engineering sites by practitioners in
government, academia, and industry. The documentation is not published but
has been deposited without analysis in the Library of the Waterways Experiment
Station. The compilation was made jointly by the Bureau of Reclamation and
the Corps of Engineers with the objective of helping to produce a manual. No
manual was generated.

Frinitzsky postulated seven hypothetical sites. Motions for them were
requested. There were responses from 14 consulting firms, five private
consultants, and five government agencies. Of these Z4 reports, 18 were
suitable for making comparisons.

Table & shows site characteristics and the ranges in peak horizontal
ground motions on soil given by the 18 respondents. These ranges for motions
are far greater than those obtained by Okrent. The largest dispersion in
values is for acceleration, between 0.0Z and 2.0 g for a floating earthquake
in eastern United States. The least spread for acceleration, comparing all
sites, is 0.35 to Z.0 g at a reservoir. Other components of motion have even
more variances: wvelocities from 1.0 to 300.0 cm/sec, displacements from 0.05
to 190.0 em, and durations of 8 to 60 sec, all for eastern United States
earthquakes.

Table 4 has 2 guestion that asks for motions at a site 150 km from the
Rew Madrid source and an earthquake of my = 7. 5. The experts responded with
an acceleration range of 0.03 to 0.5 g. The site actually is Sardis Dam in

northwest Mississippi. During the i811-1812 New Madric - -rthquakes, the
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Sardis area experienced a Modified Mercal'i intensity of VIII. The MM VIII is
established by contemporary observations in the region such as were reported
by Street and Nuttli (1984), and by interpreted isoseismali maps, such as those
by Stearns and Wilson (1972} MM VIII is hardly represented by 0 03 g.

The threshold of feeling anything at all during an earthquake is about
0.05 g. So 0.03 g would in fact be a microtremor and fully off the Modified
Mercalli intensity scale. Nonetheless, for this site, three experts gave
values of 0.03, 0.04, and 0.05 g respectively. The reason is because the
experts used attenuations from western United States without realizing that
attenuations differ between western and eastern United States by a factor of
about ten.

let’s face it: experts can make very bad mistakes. The user of expert
opinion must be able to examine opinions critically and confront them, prune
them, or discard them as necessary. A good principal investigator does this

as a routine part of his work!

Dealing with Earthquake Cround Motions

Table | from Okrent (1975) and Table & from Krinitzsky (1980) show
motions assigned by experts in which values vary by an order of magnitude and
more. Can we explain theece dispersions? Can we bring those motions under
control?

For background, consider how dramatically peak motions for earthquakes
have changed during recent years. Table 5 shows the growth that occurred in
accelerations from the 19208 to the 1970s, from 0.1 g to 1.25 g. Questions
concerning the validity of the 1.25 g recorded at Pacoima Dam have since been

gquieted by a half dozen additional 1ecovds of one g and greater as shown in
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Table 6. But notic that in Table 6 the values are for moderate earthquake. ,
those with magnitudes of 5.4 to 6. 8. There are as yet no instrumental or
other motions to be had for larger earthquakes close to their sources. Is
there a saturation limit for their peak motions by which they will be no
higher than what we see now?! How high can an acceleration at a fault be? The
experts have to interpret these values. In Table 4, the 3 g at the San
Andreas fault is clearly such an interpretation and it may turn out to be the
best of the lot. Iio and Yoshioka (1992) interpreted a horizontal accelera-
tion of 2.0 g and a frequency of about 1 Hz from & boulder displacement
measured following the Nagano Prefecture earthguake of 1984,

The question to ask nt this point is how to consider the frequency
content of the peak motions? There can be spectral components of motion of
very high frequency, such as 10 to 25 Hz, that are high accelerations but have
little energy, with the res.it that they commonly produce no significant
effect in a dynamic analysis of structures such as dams when they are intro-
duced in an accelerogram or in corresponding response spectra.

Should the expert contribute ¢ very high acceleration with no practical
meaning or should he give an acceleration for the spectral content that he
knows to be meaningful? The problem is that the high acceleration may come to
be used in analyses that are not spectral dependent and the engineering
seismologist will try to avoid that eventuality in order not to contribute to
unforeseen possibilities for vidstakes. 1 see, in the values that have been
given in our tables, ones that are theoretical and others that are practical.
However, there is also a broad variety of meanings within what is called
practical.

Table 7A presents the types of earthquake ground motions (from

Krinitzsky and others, 1992) that are suitable for use in various categories
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of pseudostatic analyses. Table 7B shows notions that are appropriate for
dynamic analyses. Not only are experts likely to specify the motions that
they think the customer should have, as indicated in these tables, but they
also may be speaking from limited experience within one or another of the
categories of analysis. Their motions may be unwittingly parochial. Addi-
tionally, there is within the above categories another adjustment which is not
described in the tables and which provides what are called effective motions.

Effective motions can be lower than peak moticns where there are either
non-repetitive spectra, high frequency spectra, or configurations in the site
and structure that may mitigate the effects of ground motions. Such situa-
tions include:

(1) the size of loaded area compared to patterns of wave incidence,

{2) depth of embedment of structure,

(3) damping characteristics, and

(4) stiffness of structure and formation.

These factors, and possibly others, are being researched but there are
no established procedures for evaluating them. Nonetheless, effective motions
have been introduced into engineering analyses of earthquake effects quite
extensively. FKrinitzsky (1989) gives examples from the Trans-Alaska Pipeline;
the Van Norman Reservoirs, CA; Diablo Canyon Nuclear Power Plant, CA; and San
Onofre Nuclear Power Plant, CA. Reductions in peak motions varied from 25
percent at the Trans-Alaska pipeline and the Van Norman Reservoirs, to 40
percent at the Diablo Canyon and San Onofre Nuclear Power Plants. The
specifying of effective ::.;tions is basically an engineering decision and there
are pressures or desires to include them as a practical matter in assignments
of earthquake ground motions.

The above observations assume that the experts have been working at

12
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assigning earthquake ground motions and have their own preferred selections of
data, which some of them do. However, there are experts who only contribute
motions that they take from published sources and, in doing so, they introduce
other possible vagaries. Figure 2 shows a comparison of currently used magni-
tnde and distance curves by various authors for accelerations on rock for M =
7.5. Joyner and Boore (1981), Campbell (198l), and Seed and ldriss (1983) are
lower than Krinitzsky and others (1988) and at close-in distances from the
source they are appreciably lower. Why the differences? The reasons for
these differences are in the respective selection and handling of the basic
data.

The Krinitzsky curves are for focal distances; the other curves are for
distances on the ground surface. Thus, the curves compare unlike data.
Joyner and Boore (1981) excluded data from abutments of dams, such as the
Pacoima record with its 1.25 g. They assumed that |.25 g represented a
topographic effect and was not what would have been a free field value had
such been recorded. When 1.25 g was obtained in § February 1971, there was a
rush to repudiate the record. Campbell (1981) did not use it and Seed and
Idriss (1983) revised it down to 0.80 g. Joyner and Boore (1981) also
adjusted the distance from source to site, making it the nearest distance to a
projection of the causative fault onto the ground surface. They also assumed
that distances where instruments were operational but not triggered were the
limits of an earthquake No triggered values beyond that limit were used for
that earthquake though they might have been available. They also tried to
resist any preferential selection of high amplitude records by noting the
smallest distance for such a record and excluding all other such records of
the game amplitude at equal or greater distances.

1 believe that wave propagation comes first from a fault at depth and

13
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rupture propagation, with focusing of waves, then comes into play so that the
source to site distance 15 not a {ixed quantity but is & dynamically changing
one.

The Joyner and Boore (1981) values are moderately lower than those of
Erinitzsky and others (1988) but reflects a lessened conservatism in Joyner
and Boore's handling of their data.

Campbell (1981) took the shortest distances to surface p+-irctions of
fault planes. He excluded soft soil deposits and he excludeu 1% /icoima
record. He also assumed that the same accelerations are produced by all
magnitudes of earthquakes near a source. At 0 to 10 km from the surface trace
of a fault, his motions are very similar to each other for magnitudes that
vange from 6.5 to 8.0. Campbell’'s (1981) conception does not allow for the
focusing of waves. Yor the above reasons, his lesser values are derived from
a lessening in conservatism that does not appear to be warranted.

Seed and ldriss (1983) reduced the Pacoima record frem 1.25 g to 0.80 g.
Close to a source, their peak motions for M = 6.0 to M = B.5 are nearly
unchanged. The effect is to provide near-source values that can be
unconservative.

Thus, even the simplest use of published strong motion curves involves

selections that can result in great differences in ground motions.

Comment

Despite the enormous variations that occur in earthquake ground motions,
the differences between interpretative models can be identified, the reasons
for these differences can be understood, and some order in the selection

process can be achieved. However, & project engineer has to know what is
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available, the pros and cons in every case, what his engineering analysis
requires, and finally what he wants or will accept. He will have to under-
stand the meaning of data as the experts do. This is not too difficult. 1I
have described the essentials by which he can do it.

My contention is that the best way for a project manager to operate is
to have someone, either an engineer or an earth scientist, who will learn the
intricacies, learn to use geological and seismological evaluations, and either
proceed to assign earthquake ground motions himself or have it dou: by a
specialist. Experts should then be engaged for outside reviews. The engineer
or earth scientist needs to pay close attention to the opinions of reviswers.
He and the project manager need to judge the opinions carefully, have the
knowledge and character to throw out what is bad, and decide what to accept

accordingly.

Experts on Engineering Judgments for an Earth Embankment: the Hynes and

Vanmarcke Study

Hynes and Vanmarcke (1975) studied variances in expert judgments by
obtaining responses {rom seven experts to questions on settlement in an earth
embankment and on failure from additions to the height of the embankment. The
experts were given laboratory and field data for the embankment that included
Atterberg limits, water contents, vertical and horizontal consolidation strain
at a constant rate, unconfined compression, triaxial tests, field vane tests,
piezometer data, slope indicator data, Standard Penetration tests, grain size
distributions, dry densities, drained strength, and readings from field
instrumentation of the embankment for six years. Additionally, undisturbed

samples of the foundation clay were available. The experts had every element
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of data that reasonably could be expected for making calculated determinations
but were not given the observed values for settlement and height-induced
failure,

The interpretations produced by the seven experts are shown in Figure 3
for settlement of a clay layer in the embankment and Figure 4 for failure from
added height. The experts provided a best estimate and their "confidence" was
obtained by having them provide ranges of * 10 percent, 25 percent, or 50
percert of their degrees of certainty from their best values.

The experts used a variety of methods to obtain their results and the
methods represented different degrees of sophistication and originality,
according to Hynes and Vanmarcke.

Figure & shows that the best estimates for added height to failure
differ by a factor of 3. None of them are closer than 5 ft from the actusl
value. The average of the best estimates is 15.8 ft which is about 3 ft from
the observed value of 18.7 ft The average minimum-to-maximum range is
9.1 ft. The results of the exercise show that statistical merging of the
estimates produces only a slightly better estimate than do the best of the
individual predictions. The average does represent an improvement.

However, when these results are compared with the estimates for settle-
went of a clay layer in the embankment as given in Figure 3, the latter
variances have a factor of 7. Yet, two of the estimates are practically at
the observed level. The average of the estimated settlement values is 2.75
in. compared to the observed value of 0.6~ in. Averaging the estimates in
this case does not result in an improved estimate and devalues two of the
estimates that were accurate.

The steps of the interquartile range, at 25 and 75 percent, helped to

plot a range of uncertainty that could be interpolated into a probability 1f
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the technical assumptions were valid and the expert's assumption of uncertain-
ty were express~d fairly, the uncertainty range should contain the actual
value. In this study it did so for only two estimates given in Figure 3 and
none in Figure 4. Clearly, a cowbining of the probability estimates into a

single probability value can be misleading.

Comment

The purpose of the Hynes-Vanmarcke study was to examine how disagree-
ments among experts could be dealt with in civil engineering evaluations.
Their initial assumption was that statistics and probability theory could
supplement the engineer's judgment and be a useful part of the decision-making
process. This assumption was not borne out by their two exercises since the
results contradicted the assumptions.

The question is can statistical manipulation be applied usefully to
subjective engineering judgments? Not by the evidence of this study. We saw
that probability values based on the experts' confidence levels could have no
validity since they tcuched the actual values in only two instances out of 14.

It stands to reason that, if an erroneous approximation was used in
addition to a correct one, statistical manipulation is not a reliable way to
adjust asway the erroneocus value. If a correct approximation was never used,
statistical juggling cannot be depended on to make up for its absence. The
answer is clearly that, when subjective judgments are based on a variety of
inferences or differing models and the resulting judgments vary, statistical

manipulation for decision making is a treacherous route to follow.
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Probabilistic Seismic Hazard Analyses for Nuclear Power Plants in Eastern
United States: Studies by the Lawrence Livermore Natiomnal Laboratory and the

Electric Power Research Institute

The Lawrence Livermore National Laboratory and the Electric Power
Research Institute each conducted a series of extensive studies of earthquake
hazards in eastern United States. Eastern United States for both studies was
east of the Rocky Mountain Front. Both studies were based on multiple expert
opinions and probabilistic interpretations.

EPRI (1986 to 1989) engaged 50 experts for this work, separating them
into six teams. Each team was intended to have an interdisciplinary associa-
tion of geologists, seismologists, and geophysicists.

LLNL (Bernreuter and others, 1989) engaged 19 experts who they separated
into two teams called Panels. The Panels were as follows:

(1) Zonation and Seismicity Panel

Number of members: 14
Specializations: 2 geologists
12 seismologists and geophysicists
Mission: Principally to divide eastern United States
into source zones for earthquakes.
(2) GCround Motion Panel
Number of members: 7 (2 from the Zonation and
Seismicity Panel)
Specializations: 7 seismologists
Mission: Make use of data and models for development
and specification of earthquake ground

motions at the sites of nuclear power plants.
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Except for the two floating members, the two LLNL panels did not
interact. The experts in both panels were furnished with existing geological
and seismological information. No independent investigations were called for
or undertaken in the zoning effort. The experts did introduce informstion and
new techniques for the seismological evaluation of ground motions. Within
each panel the members had limited group interaction with feedback and there
was an elicitation process.

Both the LLNL and the EPRI studies generated probabilistic earthquake
ground motions for nuclear power plant sites in eastern United States.

Differences in methodologies between LLNL and EPRI were explored in
detail by Bermreuter and others (1987). They noted that:

(1) LLNL used an earthquake database that began at

magnitude 3.75, EPRI at 5.0.
{2) The models for attenuation of ground motions from
source to site were different.
(3) LLNL accounted for site conditions; EPR1 did not.
Since the LLNL and EPRI studies are basically similar, only the LLNL

study will be examined in detail.

Background on Seismic Source Zones in Eastern United States

Before considering the seismic source zones developed by the LLNL's
Zonation and Seismicity Panel, let us consider seismic zoning in general for
eastern United States so that we can establish a point-of-view from which to
make comparisons.

In eastern United States, earthquakes are generally assumed to result

from one or more of the following possible causes:
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(n

(2)

(3)

(4)

(3)

Focusing of regional compressive stresser along lithologic or
other rock boundaries and release of these stresses by movement
through reactivetion of ancient faults.

Possible small-scale introduction of magma 2t depth with an
accompanying buildup of stresses.

Focusing and release of regional stresses along ancient rifts
which remain as zones of crustal weakness.

Slow, very brecad regional compression causing reactivation of
ancient thrust faults in the region.

Extensional movement along a sagging coastline with activation of

normal faults that bound major grabens.

Each of these theories can be interpreted as meaning that a major

earthquake can happen at a location where no historic earthquake has occurred.

That idea, though reasonable, must be handled with care; if valid it means

that large earthquakes can happen almost everywhere and that is not what

occurs in the world.

We consider a seismic source zone to be an inclusive area over which an

earthquake of a given maximum size can occur anywhere. That earthquake is a

fleating earthquake. A seismic zone is supplemental to, and can include, the

causative faults that have been identified as sources of earthquakes. The

purpose of zones is to avoid surprises, particularly earthquake generating

faults that have not been located to date.

The seismic zone represents present-day tectonism which is seen in the

occurrences of earthquakes. Seismic zones need not relate in extent to

geological basins or other structural or physiographic provinces since those

features were generated by past tectonism. The seismic zone is best defined

by the occurrence of known earthquakes.
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The United States has the disadvantage of a short seismic history, as
short as 100 years in parts of the Prairies and the longest about 350 years in
New England. However, we can obtain analogous situations in other parts of
the world where the records are many times greater. A case can be made that
the largest earthquakes are likely to be restricted to relatively small and
stable source areas.

Xian in central China is the scene of infrequently occurring major
earthquakes. The Great Shenshi earthquake of 1556, M = B with 830,000 deaths,
took place in the Wei Ho plain with no remaining evidence of the fault in the
alluvial valley. Figure 5 shows the locations and dates of major earthquakes
near Xian. The historic record in this region is about 3,500 years. There
were three M = 8 earthquakes: 1303, 1556, and 1695. Note that these, and
lesser earthquakes associated with the large events, are closely restricted to
a narrow, sinuous belt only about 20 km wide, while the adjacent areas are
abruptly less seismic. These relationships should be the basis for defining a
seismic zone in the area.

An even more striking example of the restriction of large earthquakes to
a small and persistent source, or a hotspot, is seen in Figure 6 for a portion
of Italy east of Naples. There is a zone barely 5 km across, situated south
of the Ofanto River, that has a Mercalli-Cancani-Sieberg (MCS) Intensity of
X1, rated "catastrophic." The zone was established by laccarino (1973A) on
the basis of earthquakes between 1500 and 1972. laccarino (1973B) counted
2,130 earthquakes between years 1 and 1972. Of these he interpreted 60 as MCS

"

Intensity X, considered "ruinous,” with 20 more that were greater than X, or
"catastrophic.” The latter occur sporadically along the mountain spine of the

country, well away from the coasts, and are in the form of very small zones,
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or hotspots.

Significantly, the Campania-Basilicata earthquake of (980, M =

6.8, occurred in the zone near the Ofanto River, precisely where laccarino

indicated his highest level of susceptibility.

On the basis of observations similar to those above, seismic zones can

be determined by the patterns of earthquakes and the maximum sizes can be

guided by the sizes of observed and inferred earthquakes.

Criteria for shaping seismic zones are:

(L)

(2)

(3)

(&)

{5)

Zones that have great activity should be as small as possible.
They are likely to be caused by a2 definite geologic structure,
such as a fault zone or a pluton, and activity should be limited
to that structural assoziation. Such a source is a geismic
hotspot. A seismic hotspot requires locally large historic
earthquakes, frequent to continuous microearthquakes and a well
defined area. Maps of residual values for magnetometer and
Bouguer gravity surveys and from seismic reflection or refraction
profiles may provide structural information to corroborate the
boundaries of hotspots.

One earthquake can adjust a boundary of a seismic zone but cannot
create a sone.

The maximum felt earthquake is equal to or less than the maximum
earthquake assigned to the zone.

The maximum zone earthquake is a floating earthquake, one that can
be moved anywhere in that zone.

Assignment of the maximum zone earthquake is judgmental.

Figure 7, from Krinitzsky and others (1992), shows seismic zones with

Modified Mercalli intensity values for floating earthquakes. These zones are

for the eastern United States. The most seismically active areas are very
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concentrated zones, or hotspots; notably Charleston, South Carclina: Giles

County, Virginia; Cape Ann, Massachusetts; and New Madrid, Missouri. Follow-

ing are the key determinants for these hotspots:

()

(2)

(3)

(4)

Charleston. Microearthquakes were found by Tarr (1977) to be
concentrated in an oblong zone with a maximum dimension of 40 km.
The zone is outside of Charleston and coincides with the epicen-
tral area of the Charleston earthquake of August 31, 1886 of MM
Intensity X. The zone has been further identified by White and
Long (1989). Work was done by Obermeier and others (1989) and by
Amick and others (1990) on paleoseismic evidences of soil lique-
faction from earlier earthquakes. The Atlantic coastal plain was
extensively reconnoitered. The conclusion was that pre-1886
craters are concentrated near Charleston in the same zone as the
1886 event and that this condition prevailed throughout Holocene
time (the previous 10,000 years.)

Giles County. Bollinger (198]1) reported a concentration of
microearthquakes from which he postulated a source zone about

35 ke in length. The seismicity is in the same scurce area as the
May 31, 1897 earthquake that was ranked as MM Intensity VIII.

Cape Ann. An earthquake occurred offshore on November 18, 1755
with an MM Intensity of VIII. Because of its offshore location
this area has not been studied in detail but there is no evidence
to require extending the source area.

New Madrid. For New Madrid, the site of four enormous earthquakes
felt over all of eastern United States in 1811 and 1812, there has
been an sbundance of information (see Gori and Hays, 1984) that

locates intense and continuing microseismicity in a 150 km-long
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(3)

zone. The zone coincides with the source area of the 1811-1812
events. There is no basis for extending this zone.

Terre Haute TFigure 7 shows MM VIII source zone at Terre Haute.
This is not a hotspot but it is a zone that is based on historic
seismicity as are other such zones in Figure 7. Coincidentally,
recent paleoseismic field studies by Obermeier and others (19%1)
for this area have indicated the presence of widespread liquefac-
tion features resulting from a large but infrequently occurring
earthquake. Obermeier’'s work may prove to have an important
effect on estimating the maximum credible earthquake for this
zone. However, the zone was already known and the paleoseismic

discoveries confirm a persistent activity.

The interpreted seismic zones in Figure 7 are presented as a point-of-

view from which we can consider the seismic zones in the LLNL study.

Seismic Source Zones from the LLNL Zonation and Seismicity Panel

Figure 8 shows the individual zoning of seismic sources in eastern

United States that was done by 1]l of the experts in the LLNL Zonation and

Seismicity Panel. In the lower right corner of Figure B there is showr for

comparison the locations of the principal seismic hotspots of Figure 7.

Observe that these hotspots were dealt with by the LLNL experts as follows:

(1

Charleston, South Carolina:

Experts 2, 3, 5, 7, 10, 12, and 13 restrict a Charleston earth-
quake to a small area at Charleston. Experts 1, 4, 6, and 11, a
third of the experts, place the Charleston event as a floating

earthquake that will move over much larger areas.
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(2) Giles County, Virginia:
None of the experts treated Giles County as a discrete source.
(It is the site of the third largest historic earthquake on the
eastern seaboard.)

(3) Cape Ann, Magsachusetts:

Also not a discrete source. (Site of the second largest historic
earthquake on the eastern seaboard.)

(4) New Madrid, Missouri:

All of the experts give relatively restricted source areas for New
Madrid, however, the sizes and shapes of the source areas vary
significantly.
The zoning exercise was followed by an elicitation to identify uncer-
tainties. The experts were asked to give each of their zones a rating based
on their percentage degree of cervainty. Only zones with high certainties
were to remain. When areas with lesser certainties were removed, boundaries
were changed to redefine the remaining zones. New zones produced this way are
shown in Figure 9. The results are startling. Larger and more inclusive
zones came to dominate and some of them have boundaries that are unnerving:
(1) Expert 5 begins New Madrid in the St. Lawrence valley and carries
it without interruption into the Gulf of Mexico. Port Sulphur,
Louisiana, is shown to have the same seismic potential as New
Madrid, Missouri.

(2) Hotspots along the eastern seaboard disappeared completely.

(3) Expert 6 went from a complicated pattern of zones to a single
super zone that covers all of eastern United States. It is One-
Size-Fits-All

The LLNL report documents questions and answers that accompanied the
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elicitation process for the zones, s0 we can examine the results in somewhat

more depth.

Of the 1l experts who provided seismic zonations, 7 gave respons-

¢s to questions, but not to all questions. Following is & synopsis gleaned

from 57 tyvpewritten pages of testimony:

(1)

(2)

(3)

(&)

{5)

What soxt of data is available and adeguate for zoning!?

Expert 1. Paleoseismicity at New Madrid and Charleston is good.
Expert 5. Seismicity is the pnly source of information.

Experts 10, 12. Geological and geophysical dazta determine the
zones .

What are the principal bases for forming the zones?

Expert 1  The Gutenberg-Richter b-linme (the b-line is described
in Part Two of this review) and geological structure cf the base-
ment Tocks.

Experts 5, 7, 10, 11, 12. The broad geology and the geological
structure.

Expert 6. Seismicity. (This is the author of the single zone
that covers all of eastern United States.)

What features influenced the zones?

Experts 1, 3, 5, 7, 10, 12. Patterns from geological and geophys-
ical data. (Expert 7 commented that the zones are too broad for
site-specific calculations.)

How were the sbove features used for zones?

Expert 1. Geology and the b-line were the principal determinants.
Experts 6, 10, 11. Seismicity was the determinant.

Do the zones represent your state of knowledge adequately?
Experts 1, 3, 6, 11, 12. Yes.

Expert 10. No.
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Expert 7 Not sure.

Comuent on Seismic Zones

In the LLNL study, seismic source zones were created overwvhelmingly on
the basis of the geographic extent of broad geological structures. These
structures were the ones that are seen on geological maps of continental
dimensions and indirectly from geophysical i1aps that also reflect these major
geological features. Seismicity was reported as an important determinant, but
the seismicity was broadly extrapolated onto the above geological evidence.

Significantly, this heavy reliance on the patterns of geological
structures of continental scope did not come from geologists. There were only
two peologists among these experts, the rest were seismologists, not the best
people to understand all of the nuances and meanings to be found in the
geological evidence. Had there been more geologists among the experts, 1
believe large scale peological features, resulting from powerful but long
vanished orogenies, would have been played down in favor of small scale and
more specific local structural anomalies that key directly to seismic events
and to evidence from recent paleoseismicity.

None of the experts in the LLNL study followed the principles that 1
gave for forming the zones in Figure 7. 1If truth can be guaranteed by a
strong wind of elitist populism, then the LLNL approach is right. But, look
apain at the extraordinary disparities between zones within Figures 8 and 9.

The LLNL project managers accept the zones of Experts 2, 3,6 &, 7, 11,
and 12 on Figure 8 and the elicited zones of Figure 9. Successful elicitation
should have diminished the differences between the subjective opinions and

should have brought about a convergence of views. Yet, the opposite happened.
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The resulting zonations were more disparate than they had been in the begin-
ning. 1 think it is easy to see what went wrong.

In essence, all the LLNL investigators did in their elicitation was to
ask the experts what is the percentape degree of certainty for this or that
zone? That is asking the expert to add another subjective judgment to wrat is
already a subjective judgment. It is not a dependable way to get worthwhile
information. Let me take it to a reductioc ad absurdum. Imagine that an
investigator is at an asylum for the mentally deranged. He interviews a
person:

Question: Madawe, what is your percentage degree of certainty that you

are Marie-Antoinette?

Answer: One hundred percent, you idiot!

The investigator writes on his clipboard:

Confidence: 100%.

Changes: None.

LLNL also elicited "self weights" from their experts. The experts were
asked to rate themselves as follows:

(1) Your level of expertice relative to the other panel members.

{(2) Your level of expertise relative to the scientific community at

large.

(3) Your level of expertise relative to an "absolute level" of overall

knowledge.
The ratings were used to establish "weights," based on a relative weighted
averaging process, for adjusting the experts' subjective opinions.

LLNL then proceeded to use the results of their percentage-of-certainty
elicitations for cshaping their zones and for subsequent calculations.

Remembering the Hynes and Vanmarcke study, LLNL used subjective judgments in a
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manner that we consider extremely treacherous.

Consider again the extreme case, the second elicited zonation by Expert
6 in Figure 9, the One-Size-Fits-All zone, the identical seismic potential to
be found in every part of eastern United States: Land’'s End, Louisiana must
gird itself for the same size of earthquake as New Madrid, Charleston, Giles
County, and Cape Ann. And what did the LLNL project managers do with such a
patently puerile expert opinion? LLNL used it. 1 believe they will tell you
that they were meritorious in doing so, because it gave their conclusions a
measure for uncertainty. I do not see the nonsense by Expert 6 as a means to
measure uncertainty. It is purely and simply a sordid and disastrous failure
of judgment and 1 think it should have been regarded by LLNL in no other way.
But how many of the other zones have comparable failures of judgment? Compare
the zones given by the various experts with the seismic sources in Figure 7.
There are, I think, a great many judgments by the so-called experts that would
have benefitted from a rigorous reevaluation and a therapeutic pruning.

I suggest at this point that we have a desperate need to protect our
haré-won professional expertise in the study of evidence from depredations by

project managers who would substitute uncritically accumulated opinions.

Earthquake Ground Motions from the Ground Motion Panel

Seven models were developed for assigning earthquake ground motions and
attenuating them from the source zones to the nuclear power plant sites. The
models were as follows:

f1) Boore-Atkinson. Based on physical assumption of the source

spectrum and vibration theory, for rock.

{2) Toro-McGuire. Same as Boore-Atkinson but with different values.
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(3)

(4)

(3)

(6)

(7)

Another version of the above, with different parameters,
Irifunac. Ewmpirical correlation of peak acceleratiun versus
epilcentral intensity and Gupta-Nuttli attenuation of intensity,
for rock, deep soil, and intermediate.

Bugtli  Model based on corner frequency and seismic moment, for
soil.

Buttli. Same as above, with different values.

Veneziano. Empirical relationships of intensity and strong motion

data, for rock or soil.

Additionally, methods were developed for assessing wotions for soil

versus rock

for seismic

at the sites and for expressing motions as spectral compositions

excitations at the sites.

Eastern United States was divided into four regions, northeast, south-

east, northcentral, and southcentral. Each expert was asked to select

anonymously:
(1)

(2)

(3)

Calculating

a best model for each regiom,

as many as six other models in which the expert had less confi-
dence, and

assign deprees of belief to show exactly how less confident the

expert was in each of the latter selections.

the Seismic Harard

Returning to the source zones, the seismic potential in each zone was

determined from the Gutenberg-Richter relation between magnitude of earth-

quakes and frequency of occurrence {(Merits and shortcomings of the

Gutenberg-Richter equation are discussed extensively in Part Two of this

P R ] L S ——
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review.) The relationship produces a straight line on semilog paper. The
curve can be projected to interpret the larger and less frequent earthquakes
that may not yet have occurred. The curve is open ended so that limiting
maximum sizes of earthquakes must be interpreted. Ground motions and attenua-
tions from the Ground Motion Panel were applied to these source earthquakes
and the calculated ground motions through time at the nuclear power plant
sites were developed.

To obtain the above curves, every expert opinion for every seismic
source and every model for ground motion were calculated individually.
Typically there were 2,750 such curves calculated for each site, 50 simula-
tions per ground moction expert x 5 ground motion experts x 11 seismic zone
experts. The multiplicity of curves were then combined inte curves for mean
values and standard deviations for each site. The process for combining these
data is termed a Monte Carlo simulation. Figure 10 shows these values for
acceleration in the combined curves produced by LLNL and EPRI for the Vogtle
Nuclear FPower Plant site in Gecrgia (see Berneuter and others, 1987). Note
the open ended extensions of the curves and the enormous dispersion in the
values between the 15 and 85 percentiles. The spreads in the LLNL and EPRI
curves each are one to two orders of magnitude. And there is an order of
magnitude difference between LLNL and EPRI. Other curves were developed to
show spectral compositions at the median, 15, and 85 percentiles for 1,000 and
10,000 year periods. LLNL labels the spread between the 15 and B5 percentiles

as an essential element of information that gives a measure for uncertainty.

Uncertainty

In logic, there are in principle no external evaluations for subjective
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judgments. Nonetheless, in practice subjective judgments, or opinions, are
widely used in decision making. They also contribute the contingent theoreti-
cal assumptions from which all of our scientific progress is achieved. And
there are criteria that can be applied to judge opinions, though they must be
used with reservations. Following are three taken from Seaver (1978):

(1) Subjective decisions should be responsive to evidence.

(2) The opinions should occur with a frequency resembling the proba-
bility. Events for which the probability is 0.75 should occur
about 75 percent of che time, and about 50 percent of the values
should fall below the median of the probability density and
conform to the interquartile ranges.

(3) Opinions should be extreme in their range. For individual judg-
ments, probabilities assigned to events expected to occur shouléd
be near 1.0, while non-occurring events should be near 0.0.
Continuous assessments should have a high density at the true
value and a density of 0.0 elsewhere.

The experience of Hynes and Vanmarcke showed that the requirements o1

12) and (3) could be fulfilled but the resulting conclusions can be wrong when
(1) is pnot fulfilled entirely. In forecasting the times at which seismic
events occur, (1) is never fulfilled unless the earthquakes occur. In the
LLNL study, it appears that an attempt was made to shore up the deficiency in
(1) by the strong emphasis that was made to obtain the maximum breadth called
for in (3). This was done by engaging a large number of experts and getting
shades of their opinions, representing (2), through eliciting various levels
of their degrees of confidence. The range of uncertainty thus obtained was
significantly enlarged over that which the best estimates alone would have

produced. However, this enlarged assessment of uncertainty falls afoul of a

32



ok b o e 4
ki

different problem in logic.

The uncertainty of a statement is simply the degree of its logical
weakness or lack of informative content. With increasing content, uncertainty
decreases. To state it differently, increases in informative content produce
increasing certainty.

When everything is known for an engineering decision, our knowledge is
said to be deterministic and there is no ungertainty. Though inductive logic
alwaye contains uncertainty, enough can be known to have full knowledge of a
forecast hazard and a preventive design. For an engineering decision at a
critical project, there need be no more than a maximum earthquake attenuated
from a source to a site, done on conservative and defensible principles.

The rationality of science lies in its critical approach, and good
engineering involves the effective use of evidence. Uncritical reliance on
opinions flies in the face of good science and good engineering.

Not least is another problem: The value of the opinions. All of the
previously discussed studies by Jkrent, Eguchi, Krinitzsky, Hynes and
Vanmarcke, and LLNL, reveal the presence of experts, in large numbers, whose
opinions are unsatisfactory for one reason or another. Uncertainty, obtained
from them, has doubtful meaning. How then should experts be valued for

certainty?

Evaluating the Experts

The advocates of decisions by multiple experts have a copious literature
on the art of judging the quality of experts. Two very notable guides are
Meyer and Booker (1990) and Bonano and others (1990). Both are well orga-

nized, clearly written, and informative. They review a great body of diligent
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if unadventurous research  They represent the best of the writings in this
genre.

Do you want to engage an expert? Bonano et al. tells you what to do.
Check the expert for

(1) Education

(2) Publications

{3) Research grants

(4) Professional societies

{5) Professional activities
Get peer judgments to assess his

(1) Communication skills

(2) Interpersonal skills

(3) Flexibility of thought

(4} Command of topics

(5) Ability to simplify
and so on.

The failing is that the authors of this and other guides gingerly avoid
applying unpleasant cautions. They choose to inform their readers of platitu-
dinous goodnesses and not to be concerned about encountering ogres. The
marble has no fissures, the tapestry has no missing threads, the crystal is
without bubbles, none of the experts are muttonheads, and there is no need to
probe for these deficiencies so as not to be fooled. Do you expect to never
encounter fee-hungry knaves! No panjandrums, no time servers, no dodderers in
their dotage? Yet, these and all sorts of other characters can pass inspec-
tions, especially when their most sericus deficiencies are submerzed in tepid
douches of banality

This activity in dealing with experts created a new type of expert, the
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expert in the managing of experts. And it contributed to creating a new
peril: management experts who have no knowledge of what they are managing,
who can give no worthwhile direction, and who are not equipped to know when
they are dealing with mountebanks.

Do you want to believe in Edens that have no snakes? Then the current
crop of engineering design recommendations based solely on expert opinions

were written expressly for you.

Why Engage Multiple Experts?

Bernreuter and others (1586) give the following reasons for creating the

LLNL methodology:




geals with the diverse opinions and uncertainties and to implement
the methodology. ...

A priori assumptions were made that:

(1) @ large variety of subjective opinions provides the best
information that can be obtained: and

(2) pgathering subjective opinions is the only valid route to
follow.

Those assumptions were contradicted by what we saw in the studies of
expert opinions that we reviewed; yet, in decision analysis there is material
that can be cited in favor of the assumptions and, 1 suspect, may have misled
the management experts. What I am speaking of are rather simple exercises
that involve answers to questions for which very little depth of analysis is
called for.

Researchers in the 1920s asked subjects to estimate lengths of lines,
weights of objects, ages of people, or provide other simple judgments. The
individual answers might vary greatly but the averages were close to the real
values. An example is 3 paper by Gordon (1924) reporting the results of using
200 university students to judge weights. Mean attainment as individuals was
0.41 but together the attainment was 0.94. The group was distinctly superior
to the individuals and egqual tou the best individuals. 1t is easy to perform
exercises of this sort yourself and you will very likely obtain corrcborative
results.

1 asked 23 colleagues to draw a two-inch line. They gave me lines that
varied from 0.92 to 2.65 inches. The average was 1.B86 inches. Combining a
large number of best puesses is obviously safer than depending on any one.

The effect of group size on proup error was examined by Dalkey (1969) in
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the famous Deiphi studies Dalkey used almanac-type questions. Example: How
many telephones are there in Uganda? The gquestions had single answers. There
was virtually no depth of analysis, but much speculation.

Dalkey took the group error as the absolute value of the natural
logarithm of the group median divided by the true answer. The relation
between error and group size is seen in Figure 11. The gains with increasing
group size has & marked regularity and in a group of 15 persons an accuracy is
achieved that is enormously better than what a few individuals are capable of
and does not increase appreciably with further increases in size of the group.

What happens in exercises of the above sort is that a bell-shaped curve
is formed. Constructing its median is a compensatory integration mechanism
that provides a tradeoff among the disparate evaluations. A smooth shape to
the bell suggests a ccherent and balanced process.

In statistics, Dalkey’'s cbservations can be seen in Fisher's null
hypothesis in which the regularity cf a bell shape determines the validity of
@ procedure. Fisher held that a statistical hypothesis should be rejected by
any experimental evidence which, based on the hypothesis, is relatively
unlikely, the unlikelihood being determinable when it is a significant
deviation from the bell. For a demonstration of Fisher's approach, see Howson
and Urbach (1989)

Fisher's null analysis can be applied to more complex relationships,
those in which both xs and ys are values assumed by random variablec. This
process falls under the aegis of correlation analysis. A conditional density
called the bivariat» normal distribution is determined (see Miller and Freund,
1985) to which Fisher applies a Z transformation and a solution that again
provides a bell curve when the two probabilities form a symmetrical density.

However, a satisfactory correlation does not prove a causal relationship
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between the two random variables. It is likely that we could discover a high
positive correlation between the sale of mouthwash in the United States and
the incidence of crime. Both relate to size of populaticn. But banning the
sale of mouthwash would not eliminate crime. In the Hynes and Vanmarcke
study, an aspect of this problem of meaning can be seen visually in Figures 3
and 4. The combined expert opinions would have passed Fisher's null analysis
for a bivariate distribution, yet the resulting median value would have no
useful meaning. Statistical analysis alone cannot tell us when ideas are
meaningless.

The idea that feedback and elicitation can focus expert opinions
received its major impetus from work in the Delphi studies. The cbjective was
to make group judgments less disparate and more meaningful. Figure 12 shows
results from work by Dalkey and Helmer (1963). Controlled feedback done
individually with no group interaction, and done on an iterative basis,
brought the initial disparities down remarkably. A correction was made in the
last step that factored in the experts’ estimates of effective disruption from
less than total destruction. A fourth convergence was obtained.

Experiments of this sort helped to establish elicitation and its
objective of obtaining convergencies of opinions. 1t further justified the
use of multiple expert opinions.

We should look at the gquestions asked in these exercises. BResides
almanac questions, they asked questions for which there were no credible
answers, Figure 12 shows the results of a query on how many bombs are needed
to level a metropolis. Numbers of this sort are never more than speculative.
Who knows all the factors, the weather, availability of planes, determination,
military resistance, logistics of supply, structural resistance, and goodness

knows what else? These are questions that not only require no depth of
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analysis, but for which there are no essential answers.

With this approach we are intruding into another territory namely a
political one. Some managers, especially in the political arena, have a
perceived need to use experts in abundance in order to have persons to blame,
other than themselves, should the results be disastrous.

It is for these rather shady and mostly inconsequential purposes that
the Delphi studies of group opinions were originally developed. Along the
way, the methodclogies experienced a transference and grew from answering
questions that required no depth of analysis and had no great consequences, to
answering very complex questioms that are crucial to engineering and life
safety. Totally lost was the basic question of what the substance of expert
opinions resally is -- mature judgment supported by facts and substantial
related experience. 1 find it very difficult to accept that someone lacking
facts or experience needs only to look inside himself, form an opinion that
expresses his on-the-spot, prejudiced inclination and then have his opinion
averaged with others of the same sort and see the result taken as the very
best that can be obtained for engineering design.

The LLNL Zonation and Seismicity Panel produced s=ismic source zones,
given in Figure 8, that reflect their opinions, and largely bear no relation
to the factual geologic and seismic evidence. Consequently, the elicitation
shown in Pigure 9 produced zcnes that were greatly more disparate than those
produced initially. Instead of convergence, as expected, there was a greatly
pronounced divergence. That was a reflection of problems with the expert
opinions. Capable management experts should have quickly realizec the error
of judgment involved.

Resesrch inte subjective group estimations has never grappled success-

fully with opinions that are based on genuinely complex information, such as
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the inputs discussed in our section on earthquake ground motions and for the

multiplicity of usages in engineering analyses presented in Tables 7A and 7B.

No study has been undertaken that

(1)

(2)

(3)

(&)

{3)

(6)

follows a single person, a principal investigator, who is not
necessarily an expert,

allows the person to gather and digest evidence,

allows the person to form conclusions,

has the work and its conclusions checked for mistakes with a
review by other professionals,

allows the person to correct obvious errors and an option to
accept or reject judgmental advice, and

present conclusions.

In other words, allows a working professional to do what is done normally in

every respectable engineering firm. And

(N

then pits this principal investigator's conclusions against
conclusions averaged from the massaged opinions of multiple

experts.

A confrontation of this sort, repeated enough times, becomes statisti-

cally valid and tells us something about the usefulness of multiple expert

opinions for deciding complex issues. But is i necessary? All that is

needed are the experiences summarized herein, those of Okrent, Eguchi,

Krinitzsky, the Vallecitos dispute, Hynes and Vanmarcke, and LLNL.

do they discern any advantage in relying on multiple expert opinions. At

best, see Hynes and Vanmarcke, those opinions are shown to be treacherous, but

there is no way to tell this without having the correct answer

Figure 9, they contain elements that verge on idiocy.
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Cost of the LLNL Study

1 was informed through the sponsors in the U.S. Nuclear Regulatory
Commission that the cost of the LLNL study from 1982 to 1989 was 1.2 million
dollars. Allowing for inflation, the present-day cost would be at least two
million dollars.

LLNL did very little original work along the lines of developing
evidence in eastern United States. They provided their experts with existing
information, and they produced some additional seismic attenuation models for
analyses. The work was mostly compiling opinions followed by an extraordi-
narily elaborate massaging and processing that they gave the opinions. The
results, a typical e~xample of which is shown in Figure 10, are in my judgment
unsatisfactory and misleading.

How else might earthquake ground motions be assigned to all of the 69
nuclear power stations in eastern United States without deing independent
investigations? Let me suggest the following:

(1) Take the seismic source zones shown in Figure 7.

{2) Locate the nuclear power plants.

(3) CGet the distances from the seismic scurce zones to the plants

within a radius of 150 or 200 miles.

{4) Attenuate the source intensities using curves by Chandra (1979) to

get site intensities.

(5) Assign equivalent ground motions for the site intensities. Values

are available from relationships published by Krinitzsky and Chang
{1988) .
Those earthquake ground motions would be reasonable ballpark values. The

method is deterministic; it lacks the probabilistic time dependence of the
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LLNL motions. For a nuclear power plant, where the consequences of failure
are intolerable, the design must consider a maximum credible earthquake which
the deterministic method supplies in a defensible form.

To do the above exercise, the steps could be set up so that 2 technician
might perform the study in about half a day. The cost would be about a couple
of hundred dollars.

Myron Tribus (1969) cites the following comments on practical needs in

engineering written by A. M. Wellington in 1887:

ion.

The costs between deterministic ground motions based on doing no
indepenuent site studies and the probabilistic motions based comparably on
opinions are not between one dollar and two dollars, they are between two
hundred dollars and two wmillion dollars. They are also between a method with
a2 database that can give defensible results and a method that, for many
regsons enumerated here, is suspect and should not be trusted.

The LLNL expenditures are by no means ended. The Nuclear Regulatory
Commission announced as Policy lssue SECY-92-122 on April 8, 1992 that an
additional 2.3 to 2.8 mwillion dollars will be allocated to resolve the

differences between the LLNL and EPR1 studies.

The National Research Council's Panel on Seiswic Hazard Analysis
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In 1984, the National Research Council, which functions under the
National Academy of Sciences, the National Academy of Engineering, and the
Institute of Medicine, established a Panel on Seismic Hazard Analysis. Ten
members were appointed for their "special competencies," along with ten

Liaison Members. The latter had no voting rights.

The mandate to the Panel was as follows:



Uncertainty, as cited in the mandate, 1s of course the statistical massaging
of subjective opinions obtained from multiple experts.

The mandate is an odd one. It assumes that the probabilistic method is
the only acceptable method and this decision was settled a priori, a false
assumption. The major construction and regulatory agencies of the United
States government had not, as a matter of policy, accepted the exclusive use
of the probabilistic approach for critical structures. These organizations
included the U.S5. Army Corps of Engineers, the Bureau of Reclamation, and the
Nuclear Regulatory Commission. At this time, 1992, these three organizations
still have not accepred probabilistic analyses as pelicy. The Department of
Energy, on the other hand, appears to be going the probabilistic route for

specifying the seismic safety for permanent storage of hazardous nuclear
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wastes. There still are crucial decisions to be made at high policy levels
regarding what methods are to be preferred for assuring seismic safety at
critical facilities.

The mandate to the Panel of the National Research Council was in my
opinion a deliberate attempt to circumvent these contentious issues and to be
a fait accompli for the probabilistic method. In the parlance of the National
Academies, the Panel was a "controlled committee." Its report, see Panel on
Seismic Hazard Analysis (1988), predictably describes the LLNL-EPRI studies as
models for proper seismic eveluations. Deterministic analysis is passed over
as an outdated method and is treated simplistically and inadequately.

The Panel's recommeidations are:

(1) Use simple probabilistic analyses for non-critical structures.

{(2) Use sophisticated probabilistic analyses that include uncertainties
to assess critical structures.
(3) Use probability to reexamine the deterministic values by which

older projects were designed.

These panel recommendations, appearing as they do under the auspices of
the National Academies exert an enormous pressure on governmental agencies and

the engineering profession.

Desires and beliefs lie behind man’'s creations. 1 believe the veiled

spirit that drove this Panel can be seen best when we conjure it into being by

metaphor:
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We on this Tribunal were assembled by the highest authori-
ties to render a final and unequivocal verdict on the obvi-
ous truth that the world is guided by a multiplicity of
gods. Having formulated our most profound beliefs, we come
before you as exceptionally qualified by our knowledge and
our sincerity. We will provide a final solution that will
be binding on all persons regardless of other and now cbso-
lete beliefs. Be assured that cur judgment will be in
accordance with our very best understanding. Thus, those
who are affected by our decision need not be concerned that
the members of this Tribunal happen to be devoted suppli-

cants of all the gods on Olympus.

1f you think that is far-fetched, consider the following:

(1)

(2)

(3)

(&)

Two of the members of the NRC Panel worked on the LLNL study of
probabilistic seismic hazards at nuclear power plants in eastern

United States.

Four others on the Panel worked on the EPRI study for eastern

United States and were developers of the EPRI methods.

Another was employed by EPRI on consultations involving seismic

probability

Yet another published papers that dealt with probability theory.
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(5) Of ten persouns on the Panel convened to evaluate probabilistic

methods, eight had prior commitments to probabilistic analyses.

(6) There remained two persons whe were not fully committed to the
probabilistic process. However, they were not well gqualified to
make either a case for the deterministic method or to criticize

effectively the shortcomings in the probabilistic process.

With a Panel like that, the exclusive recommendations for the probabil-
istic methods were certain before the Panel ever met. Yet I would not deny
that the Panel acted from the very loftiest motives.

Probability theory is founded on the belief that every future event is
uncertain, thus it is probable to some degree. That assumption is beyond
dispute. The question to ask is what makes the probability uecessary? We can
admit to uncertainties and still take a positivist approach. We do it all the
time in engineering. We select design levels with the assurance that what we
select covers all reasonable possibilities and fulfills the need for safety in
a structure. (Part Three of this review will explore this subject.) Iromi-
cally, probability theorists do the same. From their calculations of endless
variations through time, they must always at some point snap their minds shut
and take a value for design. That value is as deterministic as any other. My
quarrel with them is that their attempt to quantify what they call uncertain-
ties and to project earthquakes through time is done in ways that are logical-
ly defective. (The problems with time-related pronjection of seismic events is
the subject of Part Two of this review.)

Probability theorists become shackled by their logic. First, they

exaggerate its importance. Then they proceed to do things that are illogical
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and erroneous, not to mention costly, under the false claim that what they do

is necessary.

Comment

A slanted mandate established and instructed the NRC Panel on Seismic
Bazard Analysis. The unbalanced mandate contributed to an imbalance in the
appointments to the Panel and consequently in the deliberations. Inevitably,

the Panel's recommendations were biased.
Constraints on the Experts from Within the Seismic Probability Methodology

It may seem from the wide-ranging acceptance of opinions that the LLNL-
EPR]I studies were not constrained by prior assumptions. That is not true.
There were very binding constraints that ressulted from probability theory.

Following are some of the most critical. They are from Bernreuter and others

(1989) and they describe requirements in the LLNL studies.

(1) [For each zone, it is assumed that earthquakes could occur randomly

(2) All earthquakes are assumed to be point sources, thus the fact

finite length is neglected
(3) TIhe occurrence of earthquakes is assumed to be indepencent between

zones . |
(4) The expected number of earthquakes of megnitude m or greater .



Effects on the Experts of Constraints from Seismic Probability Theory

The experts had no opportunity to critize either the theory or the
method by which seismic probability was evaluated. The experts might be
wrong-headed or very wise in these matters; the method did not care. The
experts were engaged to provide input only.

Since the experts were never asked to judge the method, it may be argued
that a purpose of the exercise was to co-opt these experts.

It should be no surprise that constraints built-in from assumptions in
the probability method affected the experts’ opinions in unintended ways.

Experts are not usually muttonheads or knaves; they are more often the
brightest and the best. LLNL and EPRI engaged almost all of the best and the
brightest of the earthquake hazards fraternity. Nonetheless, as sensible
people, they are capable of performing with a protective bias. Some of the
choices can be explained by this kind of thinking. Some experts could very
logically decide to give as conservative an interpretation as possible and,
pleading lack of knowledge, they might not see any reason to restrict large
earthquakes to the vicinities of persistent seismicity as I suggested they
should.

The expert who assigned an identical seismic potential for the whole of
eastern United States (Figure 9) did not understand what the seismic zones
were meant to represent. However, his zone ciuld make sense if he had in mind
that in some short period of time, 40 to 60 or 80 years, which is the life of
a nuclear power plant, the maximum earthquakes would be greatly smaller than

the larger of the historic earthquakes and conseguently might be uniformly
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distributed. However, the methodology required an endless projection of
earthquakes through time. Also the methodology regquired that the earthquake
ground motions for the zone be assigned by someone else who should not be
expected to be thinking along the same lines. 1t may be that the expert did
not know the implications of his choice. The methodology was supposed to take
the process to a conclusion and this reliance on the "rest of the method"
introduces a major problem. It allows experts to furnish information that
lead to conclusions the experts might themselves never have permitted if the
conclusions were known to them up front.

Experts who are unquestionably the best and the brightest can be
confronted by another problem in the methodology which involves the nature and
applicability of their expertise. The methodology is structured so that
experts may be obliged to give replies for which they are not expert. The
experts could not choose the questions that they felt competent to answer.

The methodology demanded any and all opinions in order to show a breadth for
uncertainty. Uncertainty and ignorance became confused.

Does the anonymity used by LLNL and EPRI make the expert opinions
braver, more penetrating, more fruitful? There is no reason tc believe that
it does. Anonymity can be a cover for haste, for shoddiness, and especially
for thoughts that are weakly held and irresponsible. We ought to know what an
expert is willing to sign his name to. Anonymity only worsens the intrinsic

defects noted above.

Errors in the Assumptions of Seismic Probability Theory

The assumptions given by Bernreuter and others (1989) and guoted in the

above section are basic to probabilistic seismic hazard evaluations, There
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are severe problems in these assumptions that become apparent on examining the
mechanics of faulting and the accompanying behavior of earthquakes. These

deficiencies will be examined in Part Two of this review.

Conclusion

Probabilistic seismic hazard analysis, when based on multiple expert
opinions, is intrimnsically unreliable and excessively costly. The method is

not suitable for developing design applications in engineering.
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Site

Brunswick (North Carclina)
Cooper (Nebraska)
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Diablo Canyon (South California)
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1-15
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Table 2

Ranges in Expert Opinions for Fault lengths, Earthquake Magnitudes,
Slip Rates, and Favit Depths from Eguchi and others (1979)

_Fault

California:
Death Valley
No Name (#150,151)
Oakridge
Ozena

Palos Verdes

Raymond

San Andreas, Northern

Section

San Andreas, Central
Section

San Andreas, Southern

Section
San Gabriel
Sierra Madre (East)
Nevada:
Dixie Valley
Fairview Peak
Pleasant Valley

Pyvramid Lake

Number
of

Experts

L

L

Maximum
Fault Credible - . Faulr
Length Earthquake Slip Rate Depth
- . X T4 -
30-109 6.6 - 7.8 0.001 - 0.05 -~
184-260 6.5 - 7.5 - -
39-54 4.5 - 7.5 .- -
36-106 5.5 - 7.3 - .-
11-76 5.5 - 7.0 0.05 - 0.1 .-
14-21 4.0 - 6.8 0.0013 12-20
409-459 7.7 - 8.3 3.0 - 5.0 12-40
289-293 8.0 - 8.5 2.0 - 4.0 12-40
183-200 7.5 - 8.25 1.0 - 4.0 10-40
JE-108 5.0 7.5 .- -~
16-55 6.5 7.5 0.001 - 0.8 12-20
85-139 6.8 8.0 0.1 = 1.% .-
40-80 6.8 7.3 0.1 ) S -
40-70 7.6 7.39 0.1 1.5 .-
17-%0 6.0 - 7.9 0.1% - 1.0 -




Table 3

L
ihe. zgug%mwmmwwmmmuumm
& . Fxem Meehan (1284) From Qther Sources (See References) i
Allegations Concerning an Active Fault
i 85 _Ehe Resctor e Advaraaxial _Pogitions Qther Posislons E
1977 1977 1277
Herd (USGS): Mapped tha *Verons Faule Trenchas end borsholes 3 : The fault fe based on alluvial stratigraghy, scerps

200 ft from resctor.
FRG: Orderesd reactor shut down

Brabb (USCS): Endersed fault

interpratation

stepp. Jacksen (FRC): K

interpretation

dorsed faule

1978

Slemmans (L)
{nterprataticn
3} m below reactor

Erndorsed faule
Fault may displace

1979

PRC: Estahlished design-basis fault
displacenrnt under resctor at | »
Brabb (USCS): ! & Is not enough,
Jackson (NRC): Frobabillity Inter-

pretation is not relfablae

find low angle shaar,
anclent lendelide.

Intarpreted an

Jahna _{Cl: Endorsed landalide
interpratation,
1978

! Two miles of tranches,
plue saismic raflection and refraction,
end sofl age dating: Shears wers found
on bath slder of reacter and extend
undar tha rescter, J-ft dlsplecezenta
interpreted avery 17,000 years, Couss
of moveament, landslide or fault, fe
{ndeterninant,

1979:

GE: Fhotos of foundation sxcavation
at rasctor suggest poesibility of
faulte,

Meehan (ESA): Probabilicy caleouletion
AT resctear shows resots recurrence af
171,000,000 per year.

Jahns (C): Verona feult [e very
doubtful but cannot be ruled out,

1981;
RE: Accepted tha fault Interpretation
affecting the site.

Fault movement would
not bresk a 5-fe-thick conerene sled
under a reactor that {s the slze of »
garhage can,

w/truncatad gravell and a 1ine of springs and saeps.  Noted a recert

history of emall, folt sarthquekes,

1978:

£3A: The Verona fault Interpratstion is an error, but thare ars
sevaral shasre and a possible low angle thruat fault along bass of
the hillfront te thes northeset of the resctor,

1879

E3A: A trench aleng che Verona feult found *a larga, steeply
dipping strike-sllp feulc with sinor or near surface thrust-liks
eplaye.® But i2 s not a major tectonic structurs.

1979:

Davis (CDNGY: Three £t of surfece displecesent at tha resctor

aize ia conservative for aithar & landsllide or fault intarpravation
Slemmona {C): The predablifty anslyels fe not walld becwuss there are
{1) ne sccurate dates, (2) y one messured, individ:al displacenent,
{1) the mmbar of palecesls are not kmown, (4) cumuls*ive dlapleacenents
can imply sherter rscurrances and grester risks, (3) the senmetry of
aesocinted movenents fa not known, end (&) a Poleeen Alatribution may
not be .
i Fault sechanien {s correct. Some faulting occurred
intarmittently until few theusand years B.P. and may occur again

1980: ~

¥ t Fault traces found near the reactor dlspleace
the modern sell profile, ahow sultiple movements during Pleletocens,
and dip beneath tha resctor etructurs. The structure sits on a fault
tone

COMG. Callfornia Divislon of Mines and Geology GE:

¢ Consultent

ESA.  Farth Sclences Assoclates (Meshan'e Company)

me:

Ganerel RBlectrie Co.
Suelear
USCS: .8, Caclegizel Survey

tory Commission

1981 Three-man Atomic Safety and Licensing Board reviewed the contentions,
1987 License for GE to operate tha reasctor approved.
198, Appeallate Bosrd atficmed flrat Board’s declelon.

MRC gave final approval elx ysars after the shut down,



Table 4
Ranges in Peak Horizontal Ground Motions on Seoil by 18 Experts*

from ¥rinitzsky (1980)
Acceleration Velocity Displiacement Duration

—location of Site —Sm/sec cm sec

San Andreas fault, 0.35-3.0 46-550 40-30 20-90
M - 8.3

5 km from San Andreas fault, ©.35-3.0 46-550 20-300 20-%0
¥ - 8.3

5C km from San Andreas 0.18-0.4 20-100 10-40 20-50
fault, M, - 8.3

150 ka from New Madrid 0.03-0.5 5-100 1-50 2-120
source, M, = 7.5

Floating earthquake, Eastern 0.05-2.0 1-300 0.05-190 8-60
U.S., M = 6.5

Floating earthquake, Western 0.15-2.0 10-300 4-190 10-30
U.S., M, = 6.5

Reservoir-induced 0.35-2.0 40-300 20-190 10-30

earthquake, M, = 6.5

* 11 consulting firms, 4 individual consultants, 3 govermnment agencies.
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Table 6’_
G Accelerstions Through Time

Peak Horizontal

Accelegation
Year Events £

1920s Lateral loads for buildings in San Francisco 0.10
1927 California Uniform Building Code, for pseudo- 0.10%
static analysis on rock
(Late 1930s First strong motion accelerographs) ¢5:,”’
15840 El Centro, California, earthquake; M - 7.1, 0.33
soil
1967  Parkfield, California, earthquake; M = 5.6, 0.50
soil
1971 San Fernando, Califoruia, earthquake; 1.25

M- 6.5 rock

* =172 A, applied at base?of styuc Cure




Table é’--

1971

1983

1984
1985
1987

1987
1992

*M

Esrthquake .

San Fernando, Pacoima Dam

Coalinga, Anticline Ridge;
Transmitter Hill

Morgan Hill, Coyote Dam
Bahenni, Site 1
Palm Springs, Devers Substation

Cerro Prieto

;,'q;yugsfirv)lﬁq,n:rf‘ﬁiﬁitﬁuﬁt

(Motions interpreTed.)

IMA

Distance Horizontal
to Fault Magnitude Acceleration
] XM
4 6.6 1.2%
7.6 6.5 1.17
- 6.5 0.96
At site? 6.1 1.29
At site 6.6 1.25
At site 6.0 0.97
At site? 5.4 1.45
Near ‘.f 2.0




Table Zs

/992
Earthquake Ground Motions for Us seud ky and O
Foundation Farth Embankments Concrete and/or Stesi
Liguefsction n o Eozth Fressures Fgeme Structutes
A, Non-cpitical fecility in Peeudostatic Use 1/2 (A )um ot Bexe 1 Peek hor motions (mesn)* Selamic-gone coeflicienta/
any sone of seismiz sctivity, analyses do not for sliding block, from factore in bullding codes,
end/or critical facility In epply. Use A, is obtained from (s) M1 Intensity for gensrating eeatio of A,

an sres of low setamicity
fpeask hor accel <0 15}

] Critical fecility in an
srea of moderste to strong
seiamicity (pesk hor accel
20.15¢ 20 40g)

dynamic snalyses

Use dynamic
analyses

pesk hor =ocion (mean)*

from

{e) M4 iIntensity

{h) Mag-distance
sttenvation

{e) Probebility ~30-yr,
80 percent
nonexcaadance

Hse 172 (AL e InF

siiding bloeck.

A, from pesk hor

motions (mean ¢ 5.0 )%

from

(a) MM intensity

(b) Mag-distance

(¢) Prebebility
~2%0-yr, 80 percont
nonsrcesdance

(b) Mag-distanze
attenustion
te) Probabilivy ~50-yr,
80 percent
nonexcesdance
2 Use 172 (AL e Tor
backfill.

i fesk hor motions (mesn *
S 0.)* from
(a) MM intensity
(b) Mag-distence
attenustion
te) Probebility ~250-yr,
20 parcent
nONeXCEs ANce .
2. Use 172 (A, lue for
backfiil.

to A of structure 6r element
A.. i3 obtained from pesak hor
motione (mesn}® from
ia) MM intensity
(b) Mag-distence sttenusticn
(¢) Probability ~S50-yr,

90 percent nonsrcesdance

Setsmic-zone cosf{ficients/
factors In building codes.
A.. from pesk her motions
(mesn ¢ 5.0, )% from

(8) M4 (ntensity

(h) Mag-distance sttenuation
{e) Prebability ~256-vr,

80 percent nonexcesdance.

* Adjust for
Note:

site condition, near field or far field.
Ay i5 the peak value in a time history.

e e e

A e e e e S e & o et

PP SRS T

TR B
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' Table
_, @ 1992
- Farthquake Ground Motions for Use in Dynamic Analysis. From Krinitzsky and COthets :
. Foundation Esrth Embankments Concrate and/or Steel !
. _Liguefactien _  __snd Stebi . _Eerth Pressures Frome Structyres ;
| A Critical facility in sn 1. Peak hor 1 Pesk her motions 1. Pesk hor motione (mesn ¢+ 1 Pesk hor motions (meen * :
) ares of moderste to strong mations {mean ¢ 5. D)% 5.0.)* $.0.9° l
selsmicity (Peak hor accel (mean 2. Generate time 2 Genersts time histortes. 2. Generste time histories ;
0 1%) L0 2 histories, 3 Ohtain responss spestrs for ]
2. Ganerate time sbove time histories, _
1. Obtein Magimum Credibla historles. b Alternstively, go directiy ta ;
1 Esrthgaake (MCE) response spectrs, entering ;
with the above pesk motions ]
5 Check response at the netursi
' frequency of Lhe structure.
7. Obtein Operating Basis H Peak hor i Feak hor motions 1 Peak hor mctions (mean * H Peak hor moticns (mean
, Earthguaks {QORE) motions (meen ¢ 5.0, )* 5.0.)* *+5.0.)*
| (mean + 2. Pesk motions {rom 2 Pask motions from 2 Peak motions frem probability
s$.B.* probability ~50-yr. probability ~S$0-yr. ~50-yr, 90 percent :
2 Pesk motions 20 percent non- 9% percent non- nonsxceedance ¢ S D f
' from exceedance at S O exceedance ¢+ 5.0 3. Gensrete time histories
. probability 3 Generate Lime 3 Genersts time histories and/cr oblain response !
~S0-yr, histories, spectre.
80 percent Check response st the natural
axcesdance frequency of the strusture
45D
k] Generste Lime
. histories

+ Obtain peak hor motions from {a) MM intensity or (b) magnitude-distance attenuation charts. Adjust for
site condicion and near field or far field.

LJ-_-._-. Ty e S RSN T

e T =T TN T SN R P TG N e AT N B =N a Y | BN S NN e P s e W R T




WALL OF TRENCH™ >

VALLECITOS
HILLS

VALLECITOS
REACTOR

+ 4 7 2 SHEARS
, /_///'// FOUND IN

,% b TRENCH
N
7¢®
P POSSIBLE FAULT IN
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EXCAVATION

.3 s
Figure 1 Fault and landslide interpretations at the Vallecitgs Test
Reactor, near Pleasanton, CA. A
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Figure 2. Comparison of curves by various authors for acceleration on
rock by distance from earthquake source at M = 7.5.
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Figure 3. Expert opinions on settlement of a clay layer in an earth
embankment: best estimate and maximum-minimum range, in inches.
From Hynes and Vanmarcke (1975).
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Figure 5. Major earthquakes mear Xian, People’'s Republic of China, where the

historic record is about 3500 years. Note concentration of large
earthquakes, M = 7 and 8, to a relatively narrow zone. From State
Seismological Bureau (1979).
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Figure 6 Detail of Seismic Zone Map of Italy by laccarino (1973A) based ¢
seismic history from 1500 to 1972. Note that the 1980 earthquake
oceurred in a greatly restricted zone that was previously Interpreted
to have a potential MCS Intensity XI.



SEISMIC SOURCE ZONES
EASTERN UNITED STATES

200 Wiles
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INTENSITY

95" 965 85°

15

Figure 7. Zones of seismic source areas in eastern United States From

Krinitzsky and others (In Press) .



EXPERT 12 EXPERT 13 LOCATIONS

Figure 8. Seismic source zones in eastern United States by 11 experts. From
Bernreuter and others (1989),



Figure 9.

EXPERT 68 EXPERT 10 EXPERT 13

Six alternative seismic source zomes in eastern United States by

five experts. From Bernreuter and others (1989).
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Figure 11 Relation of group size to group error in the Delphi study. From
Dalkey (1969)
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tic Source Earthquakes, end
Motion.” The drafl guide
general guidan e end

tions, describes scceplable
ures and provides e list of

ces that present acceptable
methodologies to identify and
charecterize capabie tectonic sources
and seismogenic sources.

2. DG~1018, Second Proposed
Revision 2 to Regulatory Guide 1.12
“Nuclear Power Plent Instrumentation
for Earthquakes.” The draft guide
describes seismic instrumentation lype
and location, operability,
charactenstics, installetion, sctuation,
and mainienance that are accepieble to
the NRC stall.

3. DG~1017, “Pre-Earthquake Planning
and Immediate Nuclear Power Plant
Operstor Post-Earthquake Actions.” The
draft guide provides guidelines that are
scceptabie to the NRC staff for a timely
evaluation of the recorded seismic
instrumentation deta and to determine
whether or not plent shutdown is
required.

4. DG-1018, "Restart of & Nuclear
Power Plant Shut Down by & Seismic
Event.” The draft guide provides
guidelines that are accepteble to the
NRC stafl for performing inspections
and tests of nuclear power piant
equipment and structures prior {o restert
of & plant that hes been shut down
because of & seismic event

5. Draft Standard Review Plan Section
2.5.2, Proposed Revision 3 “Vibratory
Ground Motion.” The draft describes
procedures to assess the ground motion
potential of seismic scurces at the site
and to assess the adequacy of the SSE

8. Draft Regulatory Cuide 4.7,
Revision 2, dated December 1991,
“Geners! Site Suitability Criteris for
Nuclear Power Plants.” This guide
discusses the major site characteristics
relsted to public héalth and safety and
environmental issugs thet the NRC stafl
considers in dete ing the suitability
of siles.

V1il. Future Regulatory Action

Several existing regulatory guides will
be revised ¢ incorporate edilorial
changes or maintain the existing design
or analysis philosophy. These guides
will be issued lo coincide with the
publication of the final reguletions that
would impiement this proposed ection.

The following regulatory guides will
be revised to incorporate editorial
changes, {for example to reference new
paragraphs in appendix B to part 100 or
appendix S to part 50. No technical
changes will be made in these
regulaiory guides.

N e e T
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1. 1.57, "Design Limits and Loeding
Combinations for Metal Primary Reactor
Containment System Components.”

Z 1.58, “Design Basis Floods for
Nuclear Power Plants.”

3. 1.60, “Design Response Spectra for
Seismic Design of Nuclear Power
Plants.”

4.1.83, "Inservice Inspection of
Pressurized Water Reactor Steam
Generetor Tubes."”

5. 1.92, “Combining Modal Responses
and Spatial Components in Seismic
Response Analysis.”

6. 1.102, “Flood Protection for Nuclear
Power Plants.”

7.1.121, “Bases for Plugging Degraded
PWR Steamr Generator Tubes.”

8. 1.122, “Development of Fleor Design
Response Spectrs for Seismic Design of
Floor-Supported Equipment or
Components.”

The following regulsiory guides will
be revised to updaste the design or
analysis philosophy, for example, to
change OBE to & fraction of the SSE:

1.1.27, “Ultimate Heest Sink for
Nuclear Power Plants.”

2. 1.100, “Seismic Qualification of
Electric end Mechenical Equipment for
Nuclear Power Plants.”

3. 1.124, “Ser..ce Limits and Loading
Combinations for Class 1 Linear-Type
Component Supports.”

4. 1.130, “Service Limits and Loading
Combinstions for Class 1 Plete-end-
Shell-Type Component Supports.”

5. 1.132, “Site Investigations for
Foundeations of Nuclear Power Plants.”

8. 1.138, “Laboratory Investigations of
Soils for Engineering Ansiysis and
Design of Nuclear Power Plants.”

7.1.142, "Sefety-Related Concrete
Structures for Nuclear Power Plants
{Other than Reactor Vessels and
Contsinments).”

8. 1.143, “Design Guidance for
Radioective Wasle Manegement
Systems. Structures, and Components
Installed in Light-Water-Cooled Nuclear
Power Plants."

Minor and conforming changes to
other Regulatory Guides and standard
review plan sections as & result of
proposed changes in the nonseismic
criteria are &lso planned. If substantive
changes are made during the revisions,
the epplicable guides will be issved for
public comment as drafi guides.

1X. Referenced Documents

An interested person may examine or
obtain copies for the documents
referenced in this proposed rule as set
out below.

Copies of NUREG-0625, NUREG-115G,
and NUREG/CR-223% may be purchased
from the Superintendent of Documents,
1.S. Government Printing Office, P.O.

T et

Box 37802 Washington, DC 20013-7082.
Copies are slsc evailable from the
Netionel Technical Information Service,
5285 Port Royal Rosd, Springfield, VA
22181, A copy is aiso eveileble for
inspection and copying for & fee in the
NRC Public Document Room, 212¢ L
glgﬂ. NW. (Lower Level), Washington,

Copies of issued regulatory guides
may be purchaeed from the Government
Printing Office (GPQ] st the current
GPO price. Information on current GPO
prices may be obtained by contscting
the Superintendent of Documents, U.S.
Government Printing Office. P.O. Box
37082, Washington, DC 20m3-2171.
Issued guides may siso be purchased
from the Nstional Technical Information
Service on @ stending order basis.
Details on this service mey be oblalned
by writing NTI1S, 5828 Port Royel Road,
Springfield, VA 22161.

SECY 79-300, SECY 904186, and
WASH-1400 are svailable for inspection
and copying for & fee at the
Commission's Public Document Room.,
2120 L Street. NW. (Lower Level),
Washington, DC.

X. Submission of Comments in
Elsctronic Formst

The comment process will be
improved if each comment is identified
with the document title, section hesding,
end paragreph number addressed.
Commenters are encouraged to submit,
in eddition to the original paper copy, &
copy of the letter in electronic format on
5.25 or 3.5 inch computer disketie: IBM
PC/DOC or MS/DOS formet. Deta files
shouid be provided in ope of the
following formats: WordPerfect, [BM
Document Content Architecture/
Reviseble-Form-Text {DCA/RFT), or
unformatted ASCI code. The format
and version should be identified on the
diskette's externel label.

X1. Questions

In addition to soliciting comments on
all aspects of this rulemeking, the
Commission specifically requests
comments on the following questions.

A. Reactor Siting Criteria {Nonseismic)

1. Should the Commission grandlather
existing reactor siles having an
exclusion area distance less than 0.4
miles (640 metere) for the porsible
placement of additional units, if those
sites are found suitable from safety
consideration?

2. Should the exclusion area distance
be smaller than 0.4 mile (640 meters) for
plants having resctor power levels
significantly less than-3800 Megawatts
(thermal) and should the exclusion aree



