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ABSTRACT

.

s
This report presents o detailed tabulation of ten experts' answers to o question-

noire on seismicity and ground motion chorocteristics of the Centrol and Eastern

United States. The goal in eliciting such information was to obtain a subjective

representation of parameters that offect seismic hozord in order to supplement

the very limited historical data that are available in these regions. Not only was
the "most probable value" sought in each case, but also, whenever possible, the

entire probability distribution to be used in a probabilistic hozord analysis. The!

questionnaire was divided into five sections: Source Zone Configuration,

tnoximum Earthquakes, Earthquake Occurrence, Ground Niotion Models and
-

i

Overoll Level of Confidence. The lost section was dec!gned to develop a

synthesis of opinion, if need be. The questionnaire was designed to contain

redundoney to provide cross-checking and establish consistency in the results.

.
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INTRODUCTION

To obtain subjective dato for use in seismic hazard assessment, o questionnaire

was prepared to elicit expert opinion about seismicity and of tenuation in the
Northeastern region of the United States (east of the Rocky Mountains).
Because it is difficult, or perhaps impossible, to precisely quantify such factors,

given the sparse historical record, expert judgment is crucial to o meaningful

hazard assessment.
I

lt was not possible to conduct a Boyesian hazard analysis with these data. A

Bayesian analysis would independently consider subjective opinion or.d available

data, and then combine them, each with their corresponding weight, to provide

on "a posteriori" input to be used in the analysis. Therefore, o Bayesion analysis

requires independence between subjective opinion and data. It was, however, act

possible in this cose, due to the experts' inherent knowledge of historical
seismicity in the East. It was unreasonable to expect the experts ta divorce
themselves from these data while forming on opinion. Therefore, such expert

opinion is necessarily a posterior estimate and cannot be used in a formal
Bayesian analysis without double weighting the dato.

4

The experts were supplied with historic seismicity data for various source zones

in the East in order to help them answer the questionnaire. These data were

based on on integrated catalog of earthquake occurrences generated from

various regional catalogs for the East. A listing of all earthquakes having

epicentrol intensities of IV or greater, and a table giving the number of
occurrences of earthquakes of each Modified Mercolti (MM) intensity unit from

IV through Xll were provided. Part One of this report summarizes objective
seismicity dato used in the study.

QUESTIONNAIRE FORMAT

Port--Two- of this report addresses the following five areas into which the

questionnaire was divided:,

A

4
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|. e. Source Zone Configuration
-|

Maximum Earthquakes !e

!: e Earthquake Occurrence

e Attenuation
! Self Rankinge

In the first section of the questionnaire, Source Zone Configuration, we were

concerned with the specification of various areas or regions that appear to be

| unique in their potential to generate earthquakes. In particular, we were seeking

the definition of regions within which the experts felt future earthquake activity
wou|d be homogeneous.

In the second section, Maximum Earthquakes, we first addressed the question of

determining the size of the largest event that could, in the experts' opinions, be

expected to occur in each of the source zones for a given time period in the
future. Since extrapolation of results from short time periods to very long ones

is controversial, due to possible long-term variations in seismicity and other
parameters, we explicitly considered different time periods. The return period
for these events was also considered at length in this section.

The third section, Earthquake Occurrence, considered the occurrence of earth-
quakes within the next 150 years for each source zone.

The section on " Attenuation" provided general information to critique the
validity. of existing attenuation relationships and develop a new relationship
applicable to the Eastern United States. Attenuation data was not specifically
provided; rather, each expert was questioned as to his inherent knowledge of
Eastern U.S. attenuation and any data available.

.

At the conclusion of the questionnaire, the experts were asked to rate their

overall level of confidence in answers to the different sections of the question-
noire. This input was used to reach a synthesis between all the experts using the
method of weighted averages.

2
.
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In preporing the expert opinion questionnaire, consideration was given to modes

of judgment in assessing uncertainty, to biases and to scaling techniques. These
' issues are discussed in Appendix A of this report. The questionnaire contains

purposely redundant material, so os to provide a means of cross-checking and to

establish consistency in the results. This approach was chosen to assure that

quantification of judgment does, in fact, occurately reflect opinion. The

stepwise procedure had the distinct advantages of helping to ensure unbiased

overall responses, and of mitigating against overly casual answers.

ANSWERING TECHNIQUES

Though answers to the questions were solicited in several ways, all could be
converted to a similar format for analysis. The purpose of allowing the different

formats was to obtain answers truly reflecting each expert's opinion, not answers

that were easily analyzed. The various formats were:

A best estimate (fixed quantity)e

A range of values defined by lower and upper bounds ande
associated with a uniform distribution

A range of values defined by lower and upper bounds ande
assocjoted with a non-uniform distribution

e A writ ten discussion

Additionally, if none of these allowed an adequate answer to the questions, the

expert was free to choose ano..ier format.

Clearly, from the perspective of hazard analysis, a quantitative answer would be

preferred. However, several experts provided extremely useful data in written
discussion. These written comments con be found in Port Two, " Tabulation of

Expert Response," following discussion of the various questions. Further

comments of note, from Experts 5 and 7, are summarized in Appendix B.
.

e

f
e
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The following conventions were used to interpret each expert's answers. These
conventions were made apparent in the questionaire.

If he answered with the best estimate only, we assumed*

that the uncertainty associated with the best estimate
con be neglected.

if he gave only a range of values, we assumed that thee

distribution over the range was uniform and, therefore,
that the best estimate was halfway between the low and
high bound of the range.

if ne provided both a best estimate and a range, we
' e

assumed a triangular distribution over the range.

If he provided a best estimate, range and distribution, alle

the information was given and no assumption was mode.
(At times, a consistency check between the best estimate
and the mean of the distribution was needed.)

NUMERATION

Subsequent sections of this report present the questions asked of the experts and
a compilation of ,their responses. To assure anonymity, the experts were
numbered 3, 4, 5, 7, 8, 9,10, l l,12,13 (though thirteen experts were originally
contacted, Experts I, 2, and 6 did not complete the questionnaire). We adhered

to the original numbering of the experts throughout this study. The experts who
participated in the study are presented in Appendix A.

,

1

PRIVATE COMMUNICATIONS

Throughout the duration of the project, continuous communication was main-
|

toined with each of the experts, either by mail or phone, to clarify questions or

inconsistencies arising from the processing of the answer booklet. This led, at

times, to revision or modification of some of their answers. The updated and
final versions of their input are tabulated in this report.

4

4
..



1
:

.

PARTI

HISTORIC SEISMICITY DATA

*
.



-- . . .- . -

.~

..

PART| HISTORIC SEISMICITY DATA
,

it-is essential for any credible seismic hazard analysis to base the study on an
accurate and current seismic dato base. This is of course the case with any

seismic hazard analysis, but it is porticularly true for probabilistic analyses

where earthquakes of all sizes contribute to the hazard.

There are several specific ways that uncertainty or unreliability in the seismic
data base will influence the results of a probabilistic hazard analysis. First, and<

most important, is uncertainty in the number of unassociated events tnat 'cre 1

contained in the host region--that is the source region containing the site. It is
-

generally the case that this so-called background seismicity is a major contri-
butor to the seismic hozord. Second, uncertainty in the location of events,

particularly the larger historical events, drives uncertainty in the seismic
zonation of the creo and this in turn drives the uncertainty in the proximity of

nearby active source regions. Third, whether for host regions or for other source
- .

4

regions, the historical record provides the only quantitative basis for assessing
- the frequency of large events in any given region. At the probabilities relevant
to this study (10-3 - 10-0), o credible model for the occurrence of these events is

most significant. In order to develop as consistent and occurate seismic data
base os possible, we have integrated five individual seismic data bases. Emphasis>

has been given to selected individual bases within certain regions and over cer-

L tain times.- The following sections present the details of the individual bases, the
r

integration criteria and plots illustrating the effect of the integration.

.
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l.0 ItOlVIDUAL SEISMIC DATA BASES

We judge that there are five individual catalogs relevant to this study. These
have been selected on the basis of the apparent thoroughness with which the
catalogs were ossembled. The catalogs are summarized in Table I with their

respective coverages in time and space, and elaborated upon below.

NElS DATA BASE

This file contains data on 85,069 earthquakes, known or suspected explosions,

associated surface colicpse phenomeno, coal bumps, rockbursts, quarry blasts,

and other earth disturbances recorded by seismographs for the period January 1,

1900, through August 31, 1973. These data include information on the date,
origin time, location, focal depth, and magnitude determined as part of the
Preliminary Determination of Epicenter: (PDE) program of the NOAA National

- Ocean Survey (formerly Coast and Geodetic Survey). Since July 1971 the
Preliminary Determination of Epicenters program has operated within NOAA
Environmental Research Laboratories. The National Geophysical Data Center of

NOAA's Environmental Data Service makes this information available on
punched cards and magnetic tape as well as on microfilm or microfiche. The

magnetic tapes are available with data sorted either chronologically or
geographically.

The earthquake location program utilizes arrival times from seismograph
stations operated by NOAA, other U.S. Government agencies, colleges and

!
universities and many cooperating foreign institutions. About 250 stations report

regularly; many of these are part of the Worldwide Standard Seismograph
Network (WWSSN). -

Since 1961 incoming seismic data have been routinely processed by' computer,
with external control by o seismologist. A minimum of five stations with

| . compatible data is required for an occeptable solution. These locations are
. published in the twice-weekly and monthly Preliminary Determination of
!

'

l-2



TABLEI

SEISMIC DATA BASES FOR THE
EASTERN UNITED STATES

Base Time Coverage Aree Coverage

NEIS through Dec.1977 Entire U.S.

Nuttii through Sept.1975 Central U.S.

Chiburis through Dec.1977 Northeastern U.S.

Canadian through Dec.1976 Canada

Algermissen through Dec.1974 Entire U.S.,

.

O

P

e
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Epicenters (PDE) publication of NOAA as soon as sufficient data have occumu-

lated to ensure a reasonable degree of occuracy. Thus, PDE results may not
always agree with later determinations where more extensive network dato or

new data from critical ozimuths and distances are used.

NUTTLI DATA BASE

Nuttli's catalog, which incivies earthquakes from 1699 through 1974, contains

nearly all felt earthquakes in Central United States. Professor Nuttli personally

assigned the epicentrol location of the larger historical events after o thorough
review of the literature and the intensity reports.

Data sources consulted include Earthquake History of the United States
(Coffman and von Hake,1973), United States Earthquakes (U.S. Department of
Commerce) for the years 1928 through 1972, Preliminary Determination of
Epicenters (U.S. Geological Survey) for the years 1972 through 1974,
Earthquakes of the Steble interior, with Emphasis on the Midcontinent (Docekal,

1970),- A Contribution to the Seismic History of Missouri (Heinrich, 'l941),
Seismological Notes (Seismolcgical Society of America) for the years 1911
through 1975, Quarterly Seismological Bulletins of Saint Louis University
(Stauder, et al., 1974-1876) for the interval June 1974 through March 1976,

t |

unpublished ' lists of earthquakes compiled by J.E. Zollweg of Saint Louis
University, o list of earthquakes compiled by M.M. Varma and R.F. Blakely of;

Indiana University and the Preliminary Safety Analysis Reports for proposed
|

| nuclear power plant sites at Martie Hill (Jefferson County, Indiana),.Colloway
| (Colloway County, Missouri), Koshkonong (Jefferson County, Wisconsin),
| Hartsville (Troudale-Smith Counties, Tennessee), Perry (Lake County, Ohio) and

Sterling (Cayuga County, New York).

!

Nuttli has determined on equivalent earthquake magnitude (m ) fr m the
b

| intensity dato for every earthquake in the catalog. Further, the historical MM

|. Intensity dato have been completely and consistently converted to m through
' b

felt area, epicentral intensity, or intensity foll-off calculations.

|
.1

I
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CHIBURIS DATA BASE

This catolog, which contains earthquakes in Northeastern United States from
1534 througF 1977, represents a careful review and reevaluation of both the

historical intensity dato and the more current instrumental dato. Included in the

base are oil the very recent earthquakes recorded on the New Engtond Seismic

Network.

In compiling the historical data, Chiburis reviewed and integrated the dato of
several previous investigators including W.E.T. Smith (1962,1966), E. Brocks

(1960), and Mother and Godfrey (1927). Included, and emphasized, were the

results of several in-depth investigations into particular earthquakes. For
,

e) ample, P. Pomeroy has investigated the larger historical events in New York

State, and these results are given preference over previous less intense studies.

Similarly, Weston Geophysical, Inc. has investigated through the original news-
,

paper accounts and other reports, several earthquakes in. Massachusetts and

surrounding creos, and their results are also given precedence.

At the time this questionnaire was prepared this data base was in the
final-stages of preparation. Dr. Chiburis kindly made his preliminary

version available to us and in the questionnaire we provided plots of the
historical data. The preliminary version of the data gave two values of
the maximum MM Intensity--the smallest reported and the largest reported

epicentral intensity. While data in this form are useful for assessing
the uncertainty in maximum MMI| reports, a more valuable form would
include the " preferred" intensity. Indeed, Chiburis recognized this and
included it in his final data base. The maximum reported intensity is

presented here for comparison.;

i

The instrumental data in the Chiburis file was integrated from NESA records,

LRSM ' records, the early data (1963-1967) from the New England Seismic
Network and Lamart data. Many of the original records were re-sconned and

r'einterpreted by the Western observatory staff to produce the instrumental local
'

mognitudes contained in the file.

l-S .'
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CANADIAN DATA BASE
i

i

|

The basic earthquake data compiled by Basham and others for Eastern Canodo |

1

are from the two catalogs of Smith (1962,1966), which cover the periods 1534- i

1927 and 1928-1959, respectively, and from annual catalop published by the

Earth Physics Branch of their Department of Energy, Mines, and Resources,
since 1960. The geographical boundaries selected here to represent the Eastern
Canada region are . longitudes 56 E and 85 W for the Eastern and Westerr,

boundaries, respectively, '51 N latitude for the Northern boundary, and on
irregular Southern boundary extending roughly 150 km into the U.S. The

extension into U.S. territory is great enough to assess any Canadian zones of
-

earthquake occurrence that may cross the border, and to consider the influence
of any significant U.S. earthquakes on Canadian sites. Specifically excluded

from consideration by this choice of Southern boundary are the large numbers of

earthquakes in the catalogs, particularly in the early years, with epicenters along
the Atlantic coast in the Boston-New York area.

t

The earthquake data, to the end of 1975, have been reassessed for purposes of

assigning magnitudes to all earthquakes, both pre- and post-instrumental, which
may have been magnitude 4. For the years 1968 to the present, Eastern

| Canadian earthquoke mognitudes have been computed with a standard procedure.

| Prior to 1968, some of the catalog instrumental magnitudes were biased by the

|. . incorrect application of the Richter local magnitude scale to Eastern Canadian

earthquakes; see Stevens et al. (1973, Appendix I) and Horner et 'al. (1973). For

purposes of this catalog, all pre-1968 Eastern Canadian earthquake instrumental

|
magnitudes, which may have been magnitude 4, have been recomputed using

,

the original instrumental data and the modern magnitude formulae.

|

| For earthquakes in the range from about M4.0 to M5.5, bgt without assigned

( instrumental magnitudes, the felt area is considered 'to provide a better non-

instrumental estimate of mognitude than other macroseismic information. Thus,

,

for earthquakes with reasonoble information available on the area of perceptibil-

ity, mognitudes have been assigned on the basis of the Nuttii and Zollweg (1974)
, equation relating felt area to mognitude.

i
!

|
b

!.

' ^
1-6
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,

For larger historical earthquakes, the felt crea, even if available, does not
provide o reliable estimate of mognitude. For these earthquakes, and for some
others down to M5, the descriptions of macroseismic effects in the epicentral

region are of ten scarce, exaggerated or unreliable and magnitude estimates can
best be mode on the basis of -intensities assigned at greater distances. The

intensity values considered the most reliable are plotted as a function of
epicentrol distance and a mognitude is selected (to the nearest half-mognitude)

on the basis of intensity foll-off relations for Eastern Canado.

For earthquakes that do not fall into one of the above three categories,
magnitudes are computed from epicentrol intensity (I ), using the Gutenberg andg

Richter (1956) formulo
.

M = 1 + 2/31,

in both the Canadian (Smith 1962, 1966) and U.S. (Coffman and von Hake,1973)

historical earthquake catalogs the epicentrol intensities listed are often
" maximum reported intensities". In the review of the macroseismic information
available for these earthquakes on intensity more representative of the general

;

macroseismic effects in the epicentrol regior Sas been assigned where possible.

It is this better estimate of epicentrol intensity (1 ) that is used to estimate
9

magnitude.
<

ALGERMISSEN DATA BASE
F

Algermissen compiled a catalog of earthquakes for the United States that was
based on earthquake data from a variety of sources. Prior to 1966, his major
sources are U.S. Earthquakes, Earthquake History of the United States, the

Townley and Allen Catalog of Earthquakes on the Pacific Coast, the Reid
Cotolog, and .dato for California collected by the California Department of

Water Resources. Various published and vapublished catalogs developed for

specific states or regions were also reviewed and integrated into the data base.
From 1966-1975, Algermisseri's , dato are primarily taken from NOAA's
Preliminary Determination of Epicenters and from U.S. earthquakes.

* l-7
+
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4

- The epicentrol intensity dato in Algermissen's compilation primarily have been

taken from the various sources used in developing the base. However, some new,

intensity - assignments were ~ made on .the basis of descriptive information

presented in the sources, when no assignment has been previously mode. He also
j ' re-evaluated intensities when major decrepancies among the various sources

were enccunfered.

.

j ..
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|
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2.0 DATA BASE INTEGRATION

In order to produce a complete dato set for the Eastern United States, the above
data bases were combined in the.following manner. The regions covered by the

Nuttii and Chiburis data bases were first defined based on instrumental coverage

and extent of the historico! record. Within these regions, descrioed in Figure 1,

~ the respective bases were extended in time, if necessary, to 1977 by the NEIS
data. The Canadion data base, although available for all of Eastern Canada, was

given preference over. NElS and the Chiburis dato in the region indicated in;

Figure I along the Saint Lawrence Seaway. Finally, for Southeastern United'

States, the Algermissen data base, extended by NEIS up to 1977, was used. We

recognize that Professor Bollinger has carefully reviewed the earthquake data in.

this region and that his data represent a superior dato set. However, the dato'

set was not immediately available on computer cards and since this region is
several hundred miles from sites under consideration, it was considered most

,

expedient to use the Algermissen data.-

2
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3.0 COMMON MAGNITUDE APO INTENSITY SCALE

The above data bases present the size of the earthquake in any of several ways.
,

Intensity could be either Rossi-Forel or Modified Mercolli and mognitude could

be m , M , M , r MLg.b 3 L

Converting intensities is not a problem since all the data bases discussed above
Thereport Modified Mercolli Intensity and perhaps, secondarily, Ross;-Forel.

Intensity plots presented in the following sections, therefore, will in all cases

represent the MM Intensity.

The magnitude scale is more difficult to deal with. All the magnitudes were
converted into o single value, and for engineering purposes the local magnitude

scale was used. (Of course, reported local magnitudes are not always specific-

ally the Richter local magnitude; there is, therefore, o potential inconsistency

within the M SC I**IL

in the plots supplied with the questionnaire, we use the conversion techniques
Hisdeveloped by Brazee (1976) for his analysis of earthquake recurrence.

relationships are

ML = 1.34 mb - I*7I

u
ML = 2.20

M - 3.80 + 2.97
3

is approximately equal toand we here make the implicit assumption that mb

MLg*

The intensity dato and the magnitude data were piesented sepcrately to
J

4

facilitate review.
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4.0 VALIDITY OF THE INTENSITY SCALE

Early records of earthquakes in the United States, with events described by a
maximum intensity, are of ten used for seismicity and seismic risk studies. An

implicit assumption, which is difficult or impossible to avoid, is that on intensity
Vil, say, earthquake in the early catalogs was the some " size" as on intensity Vil
earthquake of recent history, in earthquake engineering this assumption
sometimes takes the form of using records from recent Vil earthquakes to
estimate the amplitudes of ground motion that the earlier earthquakes of the

some intensity may have caused. Thus, it is important to test whether an early
event which is classified, again say as a Vll, really implies the same amplitudes
as recent intensity Vil events.

This onelysis, which was conducted by John Anderson (USC), ottempts to test

that assumption by looking for changes with time of the felt creos and the mag-
nitudes of earthquakes at fixed maximum intensity. The test is applied to shocks
with maximum Modified Mercolli Intensity (MMI) V, VI, Vil and Vill. If the
meaning of one of these intensity levels has evolved with time, for example with

changes in construction proctices, thea the amplitudes of shakir.g needed' to
cause that intensity level may increase or decrease. Hopefully, these will cause

a corresponding increase or decrease in the felt areas and the magnitudes.
Reasons for the use of magnitude are obvious, as it supposedly represents on-
objective measure of the size of the earthquake. The felt area could not be

expected to change because it depends on the sensitivity of people to ' eel the
'

weak earthquake motions at low intensity levels, and there is no reason to

assume that the sensitivity of people to weak motions has changed with time.
,

Nottii (1976) and Nuttli and Zollweg (1974), among others, have suggested that ;
i

'

the felt area can be used to estimate the magnitude of the earthquake. It is also

relevant that estimates for the felt areas of earthquakes exist for long periods
before instrumental magnLe estimates began to be assigned to most earth-
quakes, thus suggesting the possibility of calibration over a longer time interval.

1-12
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j. The test was opplied for four regions of the United States and for maximum
*

' intensities of V, VI, Vll, and Vill. The most frequent result is that on earthquake

with some selected intensity tended to have larger felt areas and larger mogni-

tudes before 1945 than for the time period from 1946 to the present. However,

the changes are statistically significant in only a few of the cases considered.

The result suggests that some of the older events could be under-rated in
,

currently used catalogs of United States seismicity; this could lead to systematic

underestimation of seismic risk when the seismicity is derived from these listings

of earthquakes by maximum intensity.

.

.
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l.0 SOURCE ZOE COfflGURATIONS

in this section of the questionnaire we were concerned with the specification of

various creas or regions that appear to be unique h their potential to generate

earthquakes. In particular, we were seeking in this section the definition or
regions within which future earthquake activity should be homogeneous. The
experts were provided with two possible seismic zonations of the Eastern United

States with zones numbered one to nineteen. Although the western boundary of

these maps is at 96 W, our region of interest extends to the Rocky Mountain
i front, or roughly 104 W. They were asked to carefully review these figures and

to indicate where they thought they might be inadequate. TFe experts were
furth. , asked, for the purpose of analysis, to specify integer labels for the zones

they postulated as modifications to the base map, and the credibility (in terms of

percent) for these zones. For the purpose of cross-reference between the
experts we created a common numbering system for these new zones by lumping

similar zones under one integer (e.g., all modifications of the Attica zone are
labeled " zone 49" in the common numbering system). Table 1-1 matches our

numbering code to that of the individual experts, along with the respective
zones' credibilities. Appendix C contains the maps drawn by the experts
describing the alternatives they preferred for source zone configuration.

In addition to this macrozonal analysis, the experts were asked in question I-5 to

consider microzones relevant to the sites, such as tectonic structures, which

- could be active or otherwise serve to localize activity. The map created by each

| expert is presented in Appendix C along with the two base maps provMed.

,
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QUESTION 1-1

The experts were asked' to carefully review the source zones specified in the
base maps " Figures I and 2" of the answer booklet. They should feel free to

modify, combine, ood or delete zones where necesscry, and to indicate only those

regions that in their minds are very reasonable.

4
In following questions they were asked to speculate on less likely source regions

and local tectonic structures.

They were further asked to summarize their zonation and to assign, as a
percentage, their " degree of belief" in all of the seismic source regions, both
theirs and the zones in Figures I and 2. Zero credibility or " degree of belief"
corresponds to zero percent.

The following table summarizes the experts' response. Our own numbering code,

found in the left hand column preceding the zone names, is matched to the

experts' own numeration of zones, found in parenthesis. The experts are ordered

according to those answering in MMI (3,4,5,10,13) and in those answering in

b (7, 8, 9, I I,12).m

4
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QUESTION 1-2

To what factor (s) do you ottribute the somewhat uniformly spread seismicity
over large regions in the Eastern United States? If you feel that smrol
factors are responsible for this situation, rank them on a scale of 0 to 100.100
being the most important).

THE SEISMICITY IN THE EASTERN U. S.15 #3 #4 #5 #7 #8 #9 #10 #ll #12 #13
3

The menifestation of truly random seismicity 90 75 50 yes yes
capable of occurring anywhere.

An artifact resulting from inadequate 25 20 30
instrumental or population coverage.

Likely to be associated with unidentified features yes 50 100 50 40 60 70 33

Othcr (see below) 50* 60 100*
*

THIS ANSWE' APPLIES
_

'

Only to the so-called background seismicity in, yes yes yes yes
for example, the centrol stable region.

Over the whole eastern U. S. yes yes yes yes yes yes

*
OTHER FACTORS'

Respondent 4. Introplate mechanisms presently poorly understood.

Respondent 8. Associated with TECTONIC structures identified through geophysical / geological studies.

Respondent I 1. o. Significant seismicity is related to pre-existing features.
b. Orientation and magnitude of principal stresses WRT pre-existing faults controls locations of

earthquakes.

c. The uniform spread of seismicity at first glance implies a uniform distribution of faults and
uniform stress field (see comment).

-- - .
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QUESTION l-2

COMMENTS

Respondent 4

", in the northeastern U. S., the seismicity, both current and historical, is not all
random. Whether it is truly recurrent or temporarily well-behaved is presently
under study.,

Respondent 8

A TECTONIC structure is understood here to comprise:

a. Geological features of limited ex ent: faults, intrusions,
etc.

b. Broad crustal zones of inhomogeneity, structural or litho-
logical in nature.

Respondent 9

I believe that earthquakes of m s 5 con occur anywhere in the eastern U. S.,b,

j including the centrol stable region.

! Large earthquakes, on the other hand, are most likely associated with structural
i features, some or perhaps the majority of which are not presently identified.
t

I believe that every earthquake, even the small ones, must be associated with
5

some structural feature where stress con concentrate. Most of these minor
structural features will probably remain unidentified.

Concerning the genesis of the larger earthquakes, the most difficult problem is
to distinguish between inactive and active major structural features.;

,

,

Respondent iI
i

In detail, neither the stress field nor the distribution of pre-existing faults is
-

uniform. I believe (and some dato suggests) that the stress field varies radically
i over short distances ( 100 km) in some areas, such as along the northeast coast
'

of the U. S. In other areas it vcries more gradually. There may be o reduction in4

the deviatoric stress from east to west (highly speculative).

Large faults are needed for large earthquakes. These only exist in a few places,
localizing major earthquakes.

,.

11- 8.-
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QUESTION l-2

COMMENTS (Cont.)

:

Respondent 12

.

Within " => temoinder of eastern U. S., it is my opinion that there exist areas of:
potentially more domoging seismicity due to localized stresslarger4 o..

anomal,ies.

Respondent 13

Other seismic zones may be correlated with some identified features and some
unidentil 1 features.

!

!

;

i

'

{'
i

' 11- 9
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QUESTION l-3

Focus now specifically on zones 18 and 19, representing
two models of the Central Stable Region. These regions
extend to the Rocky Mountain front even though it is not
shown on the map. Do you believe that the seismicity can
ba considered homogeneous over this whole region or !
should it be divided in subzones. For example, some
investigators have suggested that the Michigan Basin or
Northern Illinois should be considered as independent
subzones. Be sure to consider possible zones that might
lie to the west of the map boundary, such as the Nemaha
uplift. In case you decide to odd subzones, draw them on
the map, number them, and add them to Table |-l. They
will be considered as independent zones in the rest of the
questionnaire.

i

?

Respondent 3

Zone 19 (as modified) seems reasonable to me. However, minor zones should be
added (off of Figures I and 2) for:

1. SW South Dakota - NW Nebraska
2. Nemaha in Oklahoma

3. NW Missouri - E Kansas - SE Nebraska

Zones that I do not feel as necessary are in:

1. No. Illinois,
2. Western Ohio (more than your zone ll).

While there have been historic events in these areas, they were extremely
sporadic and separated by long time intervals. Modern levels of instrumental
monitoring have not detected current activity from those areas.

Respondent 4

Homogeneous seismicity in these zones, with the possibility of microzones being
included, r. ' as zones 10 and i 1.i

Respondent S

i do not believe that the seismicity in this area is uniform or homogeneous.
However, I do not think it con adequately be represented by subzones either.
The rate of earthquake occurrence may be somewhat higher in certain localities,
but I think the same basic process is going on everywhere.

11- 1 0
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Respondent 7
.

Use subzones 24(20), 25(21), 26(25), 27(26), 29(23), 30(27)

,

Reipondent 8

Division into subzones preferred.

Respondent 9

As I have indicated on the maps and in Table 1-1, I believe zones 18 and 19 are
not homogeneous over their entire extent, and that there should be subzones
included in them.

I do not feel too comfortable about identifying the upper Keweenow (zone 10)
i region as o separate source zone. Some of the events reported as earthquakes

may have been rockbursts associated with mining activity.

Respondent 10

The Nemaho Uplift region could be o separate seismic zone.

Respondent iI

These localized spots of activity should be singled out. The chance of repeated
activity in these areas is higher than in the largeness of 18 and 19. I suspect that
other small zones may be identified in the future.

< - Respondent 12
:

__

Respondent 13

Not enough data to divide into subzones.

.

5
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QUESTION 1-4
.

,

Please list in the answer booklet more speculative source regions and indicate
your degree of belief in each. One exompte of this is c postulated connection
between the St. Lawrence, Ohio and New Madrid source zones (frequently
referred to as Woollard's Line). If your degree of belief in these sources is
high, you may decide to consider them as independent zones throughout the
questionnaire.

,. ..

'

SPECULATIVE SOURCE REGIONS

RESPONDENT CREDIBILITY
# ZONE NAME NO. (PERCENT)

53 CENTRAL VIRGINIA (NORFOLK FRACTURE) 3 75
'

52 PIEDMONT APPALACHIA 5 70
= 41 W. CENTRAL NEW BRUNSWICK 4 50 '

N 25 NEMAHA RIDGE IN OKLAHOMA 3 40
S.W. SOUTH DAKOTA - N.W. NEBRASKA 3 40 :
N.W. MISSOURI - E. KANSAS - S.E. NEBR ASKA 3 40

"

N. NEW HAMPSHIRE - E. MAINE - S. MOST GUEBEC lI 30
24 .OUACHITA FOLDBELT AND TECTON|C FRONT 12 25
29 N. ILLINOIS 3 20
30 W. OHIO (ANNA) - 3 20'

CHARLESTON CUMBERLAND 3 20
7 BOSTON-OTTAWA TREND 5 20;

WOOLARD5 LINE 3 10,~

WOOLARDS LINE S 10
'

WOOLARDS LINE 10 - 10
WOOLARDS LINE 12 0
NEW MADRID TO GULF COAST 7 10

i MIDCONTINENTAL GEOPHYSICAL ANOMALY 7 10
ROUGH CREEK - COTTAGE GROVE FAULT ZONE 7 0
KENTUCKY RIVER FAULT ZONE 7 0 L

,
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,

QUESTION 1-5

Now consider tectonic features that or . local to the sites. Pleam list any
features which could be generators or localizers of earthquakes. What, in your

,

judgment, is the probability that these features are active or serve to localize
seismicity.

,

;

TECTONIC FEATURES LOCAL TO SITES

Uncertainty |4

Probability in This-

of Being Probability
Zone No. Norne of Feature or of Zone Respondent Active % (1 %)

EW MADRID AND WESTEF.N ZONES

i 1,2 NEW MADRID FAULT ZONE 9 100 0

20(28)** NEW MADRID FAULT ZONE 3 100 10

__ 20(27) NEW MADRID FAULT ZONE 8 85 10

:7 , 2 FAULT IN SUBSURFACE (NEW MADRID) ii 100 10

C 2 MISSISSIPPI EMBAYMENT (NEW MADRID) 12 90 10

19 . COTTAGE GROVE - ROUGH CREEK FAULT 9 10 30

28(29) ST. GENEVIEVE - COTTAGE GRO'!E - ROUGH CREEK 3 90 10 |

22(21) ST. GENEVIEVE FAULT .

9 30 50

21(20) WABASH VALLEY FAULT ? ONE 9 80 20>

I 24(23) OUACHITA 9 70 20

25(24) NEMAHA 9 60 30

29(22) SANDWICH FAULT 7 30 20 .

,

>

I 29(22) SANDWICH FAULT - PLUM RIVER FAULT 9 50 30 |

. 27(26) KANKAKEE ARCH 7 10 20

| || ANNA 8 95 10

I NORTH EASTERN ZONES
! 4 CLARENDON LINDEN FAULT 3 90 10

3,4 CLARENDON LINDEN FAULT. 4 70 30

3 CLARENDON LINDEN FAULT 7 20 20 -i

4 CLARENDON LINDEN FAULT 9 60 30 |

4 CLARENDON LINDEN FAULT 10 95 20 !
'

4 CLARENDON LINDEN FAULT Ii 100 0
i

-

_ _ . , _
-
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QUESTION 1-5

(CONT.)
j. ,

Uncertainty
Probability in This

of Being ProbabilityZone No. Narne of Feature or of Zone Respondent Active % (1%)

NORTH EASTERN ZONES (cont'd)

3 ATTICA 8 85 1033(21) N-S TO NW TRENDING FAULTS (S. ST. LAWRENCE) |I 50 256' CHARLEVOlX METEORITE IMPACT CRATER (N.St. Lawrence) i| 100 105 ADIRONDACK UPLIFT 12 50 2539(20),36(23) POST GLACIAL. UPLIFTING (NEW ENGLAND) 13 50 2037(34) OSSIPPE INTRUSIVE 8 85 1038(35)' OTHER WHITE MOUNTAIN INTRUSIVE 8 80 10= 40(20) PLUTONS (MAINE) 12 50 253 8 PLUTONS (CAPE ANN) 12 50 258 INTRUSIONS (CRUSTAL WEAKNESS) 13 60 20.47(33) CAPE ANN STRUCTURE 8 85 10
,

45(21) INTRUSIONS (S. NEW ENGLAND) 13 50 50
36(23) SOUTH CENTRAL CONN. 5 *(See Comment)

13 CONN. TRIASIC BASIN BORDER FAULT 10 60 30

SOUTH EASTERN U.S.

50(20) NORTH EAST TRENDING F AULTS (NORTH APPALACHIA) |I 50 2512,13 UPLIFTING (APPALACHIA) 13 60 30
53(21 A),50(23) TRIASIC BASINS (APPALACHIA - W. VA.) 3 60 30

13 RAMAPO FAULT (PIEDMONT) 10 75 20
16 FAULT IN SUBSURFACE NEAR SUMMERVILLE Ii 100 10
16 INTRUSIONS (CHARLESTON) 13 50 20

*

Stress concentrator (s) exist in S. Central Conn. The location and strength of these is not well known.
, **

The numbers in parentheses are the experts' own zone numbers.

.. - _ _ _ _ _ _ _ _ _ _ _ _ _
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2.0 MAXIMUM EARTHQUAKES

In this section, we addressed the question of determining the size of the largest

event that could be expected to occur in each of the source zones for a given

time period in the future. Since extrapolation of results from short time periods i

to very long ones is controversial due to possible long term variations in
seismicity and other parameters, we explicitly considered two distinct time
periods. The first one was chosen to be 150 years since it is generally on the
order of our 1.me period of interest and opproximately equivalent to the length

of recorded history in the East. The second time period was chosen to be 1,000

years since such a period covers most non-catastrophic perturbations in seismic

octivity and leaves out the uncertainties associated with the extremely long-
term geological variations which are outside the scope of this questionnaire.
Also considered was the lcrgest event that could be expected to occur within the

current tectonic framework in each scurce zone without any specification of

time.

The exoerts were asked to base their answers not only on the recorded dato, but

also on their feelings as to whether the past history is a good estimator of the
true state of nature and whether the future activity is likely to be similar or

different from the post. This feeling could be based on any external source of
information such as tectonics, theoretical studies, similarity with other regions

in the y orld, or simply educated judgment. The experts could answer either in

terms of mognitude or MMI.

i This section is divided into two parts. In the first port (questions 2-1

through 2-5), we considered the size of the largest event expected to occur in a
In other words, knowing that a certain number of earthqt ukes will occur,zone.

we are interested in determining the size of the largest one and the uncertainty
associated with that size. In the second part (questions 2-6 through 2-10), we

considered the return periodof the largest event.

.

11- 1 5
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QUESTION 2-1

What measure of the earthquake size are you going to use
throughout this questionnaire?

Respondents 3,4,5,10 and 13 chose to answer in terms of MMI.

Respondents 7,8,9, I I and 12 chose to answer in terms of m *
b

%

s
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QUESTIONS 2-2 TO 2-5

2-2 in the current tectonic framework and independent of the
_ period of time (" unconstrained time period") what is the
size of the largest earthquake that you expect to occur
within each zone?

2-3 For eo,n of the two time periods,150 years and 1,000
yearr, what is the size of the largest earthquake that you'

expect to occur within each zone?

2-4 For each of the two time periods,150 years and 1,000
years, assume that within the next 10 years your lower
bound estimate of the largest event actually occurs in a
zone. How would this change your answers to 2-3? If you
answered question 2-3 with a best estimate only, skip this
question.,

2-5 For each of the two time periods, 150 years and
1,000 years, assume that within the next 10 years the
upper bound estimate of the largest event actually occurs
in a zone. How would this change your previous answer to
2-3?

,

i

The following tables are a compilation of the answers given to thesee
,

questions. The zones have been divided for easier reference into three
regions: New Madrid and Western Zones, Northeastern Zones, and South

Eastern U. S.

The answers were given as either a best estimate (in which case only one

value is shown in the table for a given expert in a given zone), or os o

spread _of values, lower bound estimate - best estimate - upper bound*

estimate. Where the expert gave no answer for o zone from the base map

a dash (-) was inserted to indicate "no answer." Where there is a blank

[ space it indicates that the given zone was not even considered by the
expert (e.g., zonal modifications not postulated by the expert).

Please refer to Appendix B for further comments of experts five and seven,e

and explanation of their response to this section.

Il-17

-, . . ._ _ . _ _ . _ _ . - ---



I

1

e

I

I

r 1

1

i

en. o. o. 43

-m en en en en*p 9 * * 6 Ae e
~ ~ * '* i en .n .

. .
en O
h, en. O. O.e

| M @ W * @e . e en,
'

=

[ en. 6 en. om.
e

I
| e e en.pe. ep en en en

e e o e e'

en. en. O. O. O+
j

g h en en en en

h. a. d. en. o. h. a. =. h. e. en.I

! h. om em @ h en W W
e. @

e. h. e. ~. h. sn. *~. ~.
. e.e e e e e e e

*= W W @ W en en @ e.
en. .

w uw# [ @
.e .

ape e a o e e 4 4

en. es. h. en. en. ~. en. #
* h. e. en.M en en en en en en en en en en

.

i

' { en.
=

) em W.
.n. o..,

.n.e ,

g @ W
l

|
s%. h. m. m. e. e. e3

8%. en. en. e. ~.
e=

e
, ** ** h @ @ 90 @ W W * @e e e e o e * * e e

.
e @,

en. en. en. W. M. w.
90 @ W to 40 @. W

L e e

et. en. en. M. m.
6

C.
gy

,
** ** ** h tO W 90

e

M. C. e. ~. e.

t e e o e s e e * *
! M. M. .

e 40 e 40 e e en e e en

w e e ,

e. O. ~. N. m.[ h *= 8%

em
es

e

8+ j - e a e-
e. as tN
E e

M

M Z.n
l

|
' M Su@e. en

.m.e m.e. $ Wme **
-o n - --E == ** as > e ' @**

Pa a e. de- .

>| -
*

O
.

W
_ -

. . .

_Ml M .e
.. .

gen m -
.seI E M

,mme
i

I &
I &
l

-
V

!

I

t M -.g a ==
a

I
M e=D em

.
** EB| e'= D >a ab em m.

e

e > >**
eN e

D D
| .

me,

m. .=.= s==
o

o** g,g WW e'IS M**

, s.
== == en p > > ee.e e e meM me me me

d.
.

g e.em e
==

=.= .o. -
==

== me

M ** p p
-

me=
. - ee e > m.

;
. .

ee se
.> > > >i M a a >

i +
nas one ene E

Y t
=

O'* ==

g
em E

e= e= h * yw e, < .n sng 3
.O. R

O
.O.a

es a na

Eom ene E E
en en en Q

E E 4 E *
4"@ ag Q Q .J J ** ='8 **E en ag

- K -
4 me == 4 *=8

.e@ qq om m e . e m =
e= 0 e. O e-

m,e
a en w o- O ==

E Ed

I g3 3 3 en A E tad E and 2w ,

k O en E
i

-
. g .o. - g

-
*- e . . e e~ e,

~ ~ ~ -
eg - ~ ~ ~ ~ ~ ~

f

11- 1 8
,

. . . - - . - -



._

,

;

.n

N.
.n. .e. a. a. a. ., p .e .n ~ ~ ~

,

. . . . .

a. a. .a. . .n. ~.
.n .n . . e

a. e.a. o. .n.
~. ~.~. ~. .n..a. .n~

f a. N. .n. a..
~. ~. . ..

.e . .

a. ~. a. a. .a.
. . ~ . ,e

N. ~. . ~.m.
~ ~. ~. .

.

g
. ~. ~. ~.o,

~. .
.

.

N. . ~..

.e . +

.n. .n. a a#
. . .

. .e m=

. . ~. .e. ~.
. . ~. ~. .

.o m. m. o. n~
. . ~. a

. . .

a. a. =. _ ~.
. . . ~. .

. _

- E
_

.
_

-
.. .

. . .

.
. . .

g - _- _-
_

m.- _
_ m

~, _ _ _ .
Z

.m . _ . m_. ._. .
~., = f . . H- - - -
.

3 _.
_

m.
.

= . .

. w. . D~

} : 0
7

f
-

-
..

_ ae a
- - - - .

i

3

-
_

.

, _
.

_ m-

. _.
- -

f _. .._.
. . . .

.. _
. _

_ _ _- . .
-

E
_

.
-

., .

. .
. .
.

_- .. _-. .

G, 5
#

w w w w .W W W W W W ".: Egg - e w - e

:if 3 5I. ]. I ] 3 3
-

I 5_ 5 5 M . -t = gu
W~ _

~
-

. e. .~ ~
_

.n. m.
- -

Y Y .n S K K. @. K.
r .e .

.
-
Y ~.

~
g

e m .n ." * * m M .
_ ym e e e e g

|l-19



*

!

< . enN N N
I b ha 1 1a ~ ~ ~

@ M M
|
2

1

.

!
-

<

D
E

O N
h

* s 6
6 4 '

5 i

r

o

D e. @
O. en. O. O.E e6 e. @ c en c

h. en.

d. d.o
E h @

e e

$ M

&

= =
E m

" -
.E~ lm m

.

3
- d 5 zn

_ _

o\ - -
Y .

5 N
@

' g _e
-

:~ - w| =
= -

_ D,

4 4 Og -
g e
4 M **

em98 M 3

I
E
9

-

I
1#

= s-
( u.=. == me as
. E = = =I .

%
e
w

M M

T um
m.- . .

" WW
e.a me e
D

> e

M

>
me

**
==

em

* D s

en
D

em e.m
e

e
> D > e>

G.e =.=3
se

3
8'h

S

gi.ngW eg

M N

- --
m

E N
me e

,.
e e

N D $E e e
em me me

e e
M M e

u We D D p

E". . =ar
3 e S E ens v

en t- u ,

em 3 . >= tad ==
==

Eat ene M D w
meD>> 9e

g g . .E. == b
>* SM Qh deg Og me

y

I 5 8
4 5 tad E E

= t' E 05 3W :t *~ . ~
- - y y no -5= = E-* 'a

S S S S -
0 3.a

y
3 'W ';- *

,

3= 5 f W < w-
O O = .

.

% & & h
-1 M W ar er W WE *

$ est M

11-20 -



- .

~ a en .n a a oa - - - -- n -

c en en h- e@
e e e o e e

.n. a. o. e. * .n..

ee en en . @ e

a

e
en
h

-
a *

e e e e e - e e-- a *

o.
eO

h. an. O. N. en.
ep h..

@ @ es @ h @ eh
. e e e o e e

in Q h O N N en

M. d
Pm. b. M.P g: @ @

a e e e

em. N. e%. N. O. A. C.
e en w en N e6 ett

g en. @ O. to. en. m. Q
g . -

E gP en en W W h en

CD. N. N. en. Q. ett
-

@ @ =0 te A @
e e e e e e

&m
. 4D. m. e. m.ett.

ep
%

@ ee en @ tO @
e e e

.e. e e

m. m. @
. em. a=..

te @ ede @ @ @

-

>>
sit

.e.
e

N,e M
.. , -

.M .
e

e. * E e - e
r se

.> > N
||3

... .- --
se.e .

m >
.= ==

se
3 =

> > M >
e

t __
-

< w
m~

- -e
-

M
- Lifx

g E - e e e
-

e e 3M

' ~ O
e

se
a

N-

T
i, --

._.1 .

M pe e
m

E se M M M M

4
6
b

me

.=
e. m.

em.
e. M a

r
e. e e.

.m e. m.e.e* I
.- e.
> == > > >

T e.
me

.e.
>

m.
>

e. .e.> >
>

m.
> ee

e e e *
> > > > 3 >

se

M M e m.
=.=.

m. ==
ao.
.

a. M e. m
m.

a

a> >
m.

um.n.o
e e m.

e.-

.s.e .si.e
==

e
.e. e.r m.

=.=- se sem E e
*.

se ==

> .> as M >
e e e

e > >m
=. m

a.e a.e. em o. De 34
e e e o

a.e.
e

e e.
** > > > ** ** >

en
> >>

>
E

b 4 t 4
<- -

D - .-E-
** een * Y4 4 4

N k E a. W5 5 =, E E
E

s
E E v- v-u, .-D .. -E

=.J
=e.,

*- 4-U. A uA Q O 4e
Ze D e

-
Js e- e. m

e E u == en w9
W4 g & aO 44 and ed >= *= K

g "E 48. &
Ee a ses E d J

4.4me ett ( D= Z( 6 E
w e.a E e. A 4 d

eeG e en b
== ens & Z e- *= **.4. . ,

b U $ U U Y Y 5
-

& &
3 ep a- en ett == s= a= e6 - 9 eO eO

11 - 2 1

:
.



s
@ ^*
h. 4
ee *

e to

ar.e * *
N. en.

~, ett
~. ett. c. en. eH. en. O. O. O. O. O.j gg g .

g am , am. en en en ett en em eft ett en e6 enen ,fg e e e e e

~. ~. an. en. O. en. en.
@ @ w e en et er

ao en O
*=.=%. O. en. O. @O. O. O. O.eAN 40 es te e e e9 en @e e e e e en so e e .

f O. eft en. O. O. se.
m

N. en. en. en.
e

@N. en, te en ett en en er ett
. e

, e o e e o J e e e
en. en. O. et. O. O. O. O. O. O.

.

ett % to est en ne en e#6 w art

O. *= O. e. ==. e. e. m. h. m. Pe. to. O.*. ett. N. .

em. @. ee @

e @ e. en. en m.em me W@ @@ an es en. se. e en, en, er, en @ es.e e e . e e e e
yk eO. en. A. es. e. h. m. N. en. ny gy m. es. ec. %. e. m. era. up.

eo, @ett eD.

.

e ee

. O.@*= en @ ett @ ett @
.

* ett * eft @ar,t en, .
eP eD

.

. e e e e e a e e S e , s

O. ar. *M.**. ee. %. ===. en * ett e

. . N. O. . at. O. e. s'=. ar. e. e. en.@ es en ett ett art en en t#b ep w en er e6 gp ett ett en ett up ett

3p h. N. @ O. en. O. N. ort en. O.. . , ,eD h ett @ m er e#t en M er

e

@~,.
e. A. 4r. e. Um m. e. e9 h. es. ==. m. ==.'s. ==. ar.t =0. m. O. en. a. 4 %. rw

N. %.
@

. .
.

et.t @., e9 N. @ ee ao ep en es
* , e e e a

e9 **

/ en. ,n. , , , ~. en. m. @. ~. m. e.
*

en es em @ es @ ett ee en to
e en. en. e. .

, e e e e * * * *

. . . ee. ,. e. . e. en. e. m. .e..
ee. @e e e en. @.

e e
-

e. m. e. .,. @ e.,,. .

..e.,, , ~ , e.,.e. @@ ec em. en. to. ea @ .

#. W. ec, e. e en. @ en
m m. u. m. e. .e.

ta @ #@ e@ ec e. # ee e te en cc en e,. en e en #

. e e e e e

C. . en. c. . ~ . m. u. @ m. e. m. e. O. ~. e. e.-
e

. . .
. m. e. m. e.e e ~ e. .e. @~

I
= 9~
** ~g -

.e.,
-

E -e . e . .
e

-

B.en
y e.

-

*

.
. >-
O m
. Lu*

{ - - D
2 I r: .: e- i- "

- - 03 . m ,=
W
K &

+ y e e e e , ,

.--e
.

E . .
.

... . . .

.
e e. .e...

-
.

. .e .e.

b.3

_-
_

.
-E .e.

.
. . _.. . e.s -- .. . . .-

e

N

a- c. ~ -~ -~ - c. -~ - c. - ci, ~ -~ . ~ ~ s~
-* i+

g e., e.s e E o
to

3
- E* s'

.=4. - e . e ena
.O. .O.

- t 1 - -O
O - -

,e en en O- O e

E
. en - O O .E .E at

.

*=
=* e.8 E E M e

.=d
qW9

N b
. .

fA gg E e e .

N -

e.as
3 3 3

e.*.9 e., e.n e., e.n e., eno
-

a g
E E E

.w
5 I I C .E

g a m
u u u en E. w .

E E
_

p g - ~ m O g g g
i

-. -e ~- ~ . -~ ~ ~ . ~ ~ ~ ,e

i
|
l

||-22

_ _



.- . _ _ _ _ . _ - -

.

.

.

e. a. o +
~

f ,. c.c. e. o. o. o. o.s. o. ~. c.

. .r . . . ~ . ~ . ~ .
.. .

o. o. o.
a > o

o_ o e
o. o. .. o. o. o o. o.

~. ~. . .
~, .,. ~. ~..

, . .e . . .
" o @ ~. o.

-

,A. N. A. .h. A. o
g g <

. . .. ,. . . ~.. . . . . . . .

o. o. o. ~. o. o. o. o. o. o.
, . . , . ~ , ,. . ,a

. ~. ~ . . ~ . . . .. .. . .

.
o. ~. o. ~. o. ~. a. .

.o ~. ~. o. o. ~. ~. m. ~.
@ ~. m. e.e. e. @ ~. . ~. ~. ~., ~. . ~. o.

., = , . . o #

_ .o~. . ~. o. ~. o.m. . ~. e, ~. . ~... .

, . a ~ a o - . . ,n eo .o

~. . ~. . o. ~. o. . . ~..
, ,.

o.
. .. ~. . ~... .

o#.
.

o. . . o. =. . .

&.

~ g
a. 4 4 a. ~. a. ~. a.

.
.

a
,.

,e a s
. . ~. ~.o. o. =. ,

. o. .

.o o e o ~ s e

4

. .
..-
-

.

-
_ ._ -

. . .
- E '.

-
-

.. .
.

- . _ .-.

- - - - - m., _ .
.,

- - - - - .- m-

5 Z~

OE
=

_

-

- : - - - - -
-

- - r
e E

-
> m-

. u.!-

Dx
- 0
1

* * ' ' '

E,

*

.E =. 5
*~

,

E .
,; -; _.

,

.. _ ..: .,.
. .

.
.

,

_.-; -

>; -

. -
- .- .

.. E
_ e _ - .

._ . - - - #_ -
- - _ .. - - - - - > '

- -
D

-
>

-

H
_ ~ _ ~ _ ~ _ ~ _ ~ _ ~- ~ _ ~_ ~ _ ~- ~ _ ~ _ ~ - N-

s .,

t { .E-
W W W W W " Eg

*
u ,
( bS

I I I J 5" $c I W"

'a 5 5- v
d s = . -

~ -

e. e. .n. ~.e. .n. .

2.,
< s a s. .W

. . .

a
. .St

, .
-

e - e q
d W 4 .M .6 E E E .4 E E

_

N N @ ~
M # 9 .M M 16 8". M W . . e

11- 2 3



7

!

a
= en. on i

. ,

'O 90 40 # |fig, g
- '1 ~ ~^ ~ n i

-
e* .a w A ie

f b b o
o ^ A j

- :

I

_ en
e. N.

e o

E

e= alp
= %.

N

P e s . .

O. ''=. N. Ch

a, . e , .
S E- N. Q b..

.a M

E

$I N I 48 P=
." <e m + .o

.

.e e .,' 4,

o. a.
. .e. on.

e *

D, Oh m.
*

W
. .

- .

E * * *

N 2:. mi..
_.

-
.

@

- y
> se e

UM

-. e
.,.e ., ~,, ~ e =e-

> e

@ f a= - -
-- - = -

= = = 3 p._
U 4.0
8 tD

D~

E 2 Oe-
- --

>* R y me

2
>-

I
.

**

* *2 .

-
.%.== m

em me
ea.u m.e

e

- se e=
E'E Sua

- 35
and.4 em een e4

)8

*

D. D.

e me em
3e

y ** em D
a=

es
.mao

._8 31 e
4

ee.*
wu

to e- > ma se >
> > ,

t - - =.> .
M M M _

2.
_.

_

M e M"ni

m. == se me ,,,,
*

el*
en ese me

M eeme
- ,,e

,

" "
b
9=== M me me .e

D $ $= D = D D

a- ~ _-~ _~-~ _~ _~___ ~ _ ~ e __ __ _ _ ,
> $

_

I O Dme

me
ga

4.d

_
4

@ a
I E

=a a > eJ -= ies6 4 eJ
J a tea .p &

9* D* e *= 4ef p* ( pm een se M** 9= E >=W W Qw g 'O O
* * .E

* me 3 >- e o er v *ma p- ==ra E5 g
.R E E n.e 3 e- ise a == v ae *

O O 3 c. E we e os ed E A
*4 ** *"

- === *af E db E ""
'E88 4O *= et

W W 4 et M to >= n tap E q gaa Q
"3

@ t''' mo o o o
*

.na.s
me W -

p* 2 ww e
, . .a . . a ,

E G Q O a 3 & e v
.

e e N O
- M M et

=== N M e
W W W W

11- 2 4 -



s

-N
. O. utt. O. O.O. O. O. O.*'e - **

[ i i 6 ds v 4 te@ h a to
e e o e

*3 O. en. o.
*e en e w

e
O. N
h -

e e
de a

h ep
O. - % e*

e o e e e
* en @ en

s e

O e
N

e e
#

et h. or
. . en.m. C @ .

D. et M.
= N.

em

#, 4 en 4 en et e d, @ h # u e er

.e N. C W
< e

h
e e i e

e < e e

en 4 en G w.
et O. N. h. N. C e. e

p %.

@ ^ ** e @ h
s

d @ m. er1 4 W .ret ut%
e e

m
< e

e i e < e e

N.
e

O. C O. N. Ch

en et eO et W. em W et' @ h en et # et'. .

'" c o * '" ~ * c * c m. er 'a ~

{=
m . no or . . .. . m . # < e =

N

@ d.

.

4 40 @
.

et1
@. C. O. er

er. @
w. 3| @ ^

W 8"9 e'en

e
@ dto A

e

Fe
4

e e . en. C.

N. er,
.

t/ N. 2
Pas. e

El e.
eee

g <

Q M, N.
s

O. d 8'8%. p8, eO.

e

@
eiC.@ %G @ s| eO ef' e#4 eiC @ @

e e e e e e
e a e

f*'

.
<

@ 88h
.

@ d @ d e6 er en tC h6 C ed eC

.. -<

M > >
O

e e
t. M en

.

si. _. -
-

e
- 3

- e
e e e e e - g

=
M.: E -

e
e

,

, >
== m.a su. aaa a

Q==

> M >>=
-

1 o H* Wi ~

B -
7 M M M "

'
= -)O m-. ~

r ' e ' -- ' -

oen

_

!
t

I

! E e e e e a e e

E
e
b
%

>

4 == 3-
"m M, M. .. M''* M M e.,g e, , eseen ** me m. me. g >m >

au .-
e.u

3a M aus
a-a >

De e

..o e
a >* e > > ao

==

==3D -3memEm Du
== ==

> D

.oe.e e

e.e .e. == > e e e e

ed 3p
==

e-

e e e e

e * >
a-3m. En

> > .ae -
> D D > > >

e

> Ae
i

e e

> > > Bu 4
h
T
%

.m ==
*

., -
M m

su WS == M .M.
M h m .=.ae Me

.s.e m.e. ~ ,e.
E'I ..d W ma

Glm

or
== > "'e > *== > .pu - - - .>

-

M > me .> zu .-

*
.

> 3m > >> == > >
e

L

*''

M- 'T d=4 N8'S NM 0%.m.e N og h as N ae (%d e.m 6 eg h og N se ('%g -e

O d -d a
M 4

es. -e
> s'* s'*Eomo

"'8 else
eO e4

4 4 4

N k 5 2
-E ene >= e= *=u uJ >= =

, .EE
-u --

.a. > >- = = eo I
s- >= m

3 a= e4 ed amm (b 4

1., 1 =

-

er 4 ene esp >= ** be d

tem6

taf 4M 4A
=e = >E,

og gpt a . s
e

GP Gm bf 40 9ed I 4
**a= me

e e go E

\ a,

* ~
_e ._n _

en ~ e
j a* s _u j . 3 ,d

- .m n m .. . e
,

11- 2 5



. _ . _ _ _ _ _ _ _ _ - - _ - _ _ _ _ _ - _ _ _ - - _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ - - _ _ - - _ - _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ . _ _ _ . . - _ _ - _ , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ . _ _ _ _ _

W W MADRID & WESTIR4 70M 5

J 4 $ 10 13 i 8 9 la 82
* IM AAfE

"h "b "b "b "n "b % "% % %
| MW MlO - 4 CHANGE . - NO EMAW4

2 NEW MlD - - - C

I
2

, h0 CHANGE
,

6.3-6.8-1.120 NEW M 10 ho CM
NO CHANGE

I
21 MW 5.6-5.8-6.1 5.25- 5.5-5.152 5.1-6.1-6.9 -

I
22 02AAK R IFT no CHANGE 5.25-5.5-5.152 5.16.8-1.0 -

| - NO CHANGE
, g23 NI55155iPPI

uPPERREnEENAWf - NO CHAmGE - - # C"" W10 5.;.5'' NO CHANGE-

II ANNA. Onl0 | - - - 40 CHANGE - $;[;[$; N0 CHANGE

f NO CHANGE30 Anna. ON!0
NJ
Ch

18 CENTRAL ST4dLL - NO CHANGE - -
NO CHAmCE

KG.

19 CENTRAL STA8LE 2
* - - - no CHANGE NO CHANGE n0 CMamGEKG.

21 CinfRAL STA8LE g - no CHANGE
BE G.

28 5. ILLINDIS , ,

j NO CHANGE 5.1-5.3-5.629 n. ILLimals+ *
NO CMANGE

24 OuACMif A I EMW " E" M
2 5.1-6.46.1 no CHA4GE*

~ #25 mE44nA RIDGE 2
-

* 5. 8- 6. 6- 6.8

26 4. GAEAT PLAlt m0 CHANGE 4. 9- 5. 2- 5. 5 h* NO CHAvi

1- 150 yrs 2- 1000 yrs For 1.000 years could thange* ',

i

estimates in some *

low activity areas.

QUESTION 2-4

_ - _ _ _ _ _ _ _ _ _ _



'

_
E
G
nf s ao " * . , . . M .
(
0
11

E

E E E E G
G G n

% % s n Ae
i hs " A A A a H

H H H h C
C C C C o
0 0 0 0 n
4 4 4 al

4 5 5 5 63
. -

E 7 E 7 6 7 5 6
- - - - - -

% % ?. 4 3 4 49.b, AAn 6 h 7 6 7 5 6
C - C - - - - - e

7 2 2 7 3 7 g-

o n0
h 's n 6 6 6 5 5 a

h
c
d
l

.u
o s
c eamen b" * . - . . * , so rrs a
aen y
yi t

0 s iv
0 ei

t0. ta c
d m E 6ma

t
M u e u

1

".b * R * rt ww* w H os o7 A . m *
b" U u t L F el

4 4 W W *

1
l

E E E E
G G G

E l s

4
s e e

e m M A.s A A
. H H

C 0 C C -

5 0 0 0 2

M
81 % e4 s

N
0 O2

N
I

R T
io SE

T t mS , . - * * . . EA UE

I QM
R
0
n

i

m . . * . -5

E E E E E
G G G

%G n n
M

fl

M
N1

A A A* HH H4
C C C C C

o 0 o
se W0 n n n

s
i 1 r

* .
- * * - - ~ a

e
y

0
0
0

2 3 2 3 I I 2 3 2 #I
I
S $

D
E E t E N tu n

A
C t C A dai I

E n n n L Tf HL
M

l R m e I

%w l M.
A E E E t G

I .t
s

sst im dn n
s n E rn

i f
u aE A A A A f

W AC A en A A A L. L. L. L. A
M.

yE0 C C C E A
2 I I l I T T T E n

5 5 5 5 P
. E. P O

I I l A A S
A A A 5 5 ' n n C 5 n C n. II T i

. 4 3 1 2 5 4 7

0 3 4 4 5 3 3 3 8 4 8 4 0
1

51

_ ey



. _ _ . . . . - _ . _ _. . - . . . . _ . _ . _ - - . _ . _ . - _ _ _ . . _m_ _ _ . m . . . . _ _ . . . _ . _ _ , - %-
__ __

!

MRTitEASTENsZONES(COsti.)
.

1 4 5 to 11 1 N 9 41 it

'

@. LOR RNt
*l *I *I ml mi

1. N "h "a "6
7 005fE-OffAsse ,

, ,

*

WNW NO CMG w thaw
2 6.2-6.9-7.2 -

''

39 805104-0iTAese .
se0 CHanct

7

9 A0lmuetCK . . . . 'I' ' .# *N
, * 5.7-6.I-6.3' .

34 A0la0NDACK .

2

'
35 W. NEW thGLAND

7
.

I
36 Grift NT. SELT

'= 2
. go twg

a

$ 37 055IPPE leTRU51vf'
2 .

Offe[R WHITE MT. IN
INiaW5|vt -

2

340 feline . 40 CHANGE .
.

"
2

WEST Cimia4L 4

.

'I
intW enUN5mlCE 2

I
42 P45 m mnny

no CHANGE
1

B(L6 A$f D0tted I03 #C"4F01CRAff
2

44 C0ASTAL I

AnitCLINORig | -

2150 years 1000 years
For 1,000 years could change*

estiastes la same
low activity areas.

QUESTION 2-4

. - _ _ _ - _ _ _ _ _



g. g.~ , . . . .

9 9

N~

f 6
8

*? ? ? ? ?-
.

TT WT T T i T
e *? zR ? * M N
# *T 5T T T i ?

? 93 23 23 92 93 9

:

.' 5 J
f *[2

= . . . . . .

ca
k*b

-

a.en

| 5 U U E I%'

f 3 .. g. g. g. ;.js5--

s a a a s .

- - N N i
E 5 5 NJ - w

S E E 9 E E E 2
3 O
E I
G Ln

La~

go 3. . . . . .

0

[
e

. . . . . . .

. - N N N f N
f 5 5 5 5

2 % E E R R

G

}g*
. . . . . . . . . .

I ~1
~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~~ ~H_m

~~ ~~ ~~ ~~ ~

t t ~= -

s. s. v2 5 i i :2I w : 1- 8 a a s a a a =. sw
= a a se se W s2 5- - - = -

I I g at 2 = w z 1 -
g 3 w w - - vg -

r 3m~
u 6 1 1 d d 2 g -

-

g
,

.
w w = = =w m, a w

s = a = a = = s e = = = s :

11 - 2 9



r .. ._

WW sen0 RID & WSTERN 20N($

3 4 5 to 13 1 5 9 18 12
- 20E NAM mi mi poil soil p,il g m,. m .

f - NO CH NGE - - NO CHANG ( NO CHANGL
*CI NEW 8440R19

2 NEW set 0RIO y - - - NO 'M

I
20 E W ftLORID 2

- NO CHANGE 6.2-6.8-7.2 5.5-6.0-7.75
NO CHANG ( 110 CMMd W CHAW.

I 5.7-5.9-6.2 5.0-5.5
21 MW 2 6.7-7.0-7.2 NO CHA W

I 5.8-6. 0-6. 3 5.0-5.522 O W E M lfi 2 6. 7- 6. 9- 7. 2 NO CHANG [

23 NI55155tPPI 2 NO CMW NO CHANGE NO CHANGE

10 UPPER ELMENAW 2
- NO CHANGE - -

C

2'. NO CHANGENO CHANGE

II A4NA. OHIO f - - - Y NO CHANGE
'

NO CHANGE NO CHANG (
, , ,

=
b 30 ANNA. OH10 f Y

CNRALSIAdLEf - NO OIANGE - -
NO CHANG ( ( AN18

I19 CthiltAL STAGLE - - -
W CHA W NO CHA W

NO CHANGE2 5.6-5.8-6.1It[G.

CENTRALSTASLEf
NO CHANG [27 40 CHANGt NO CHANGE

REG.

f - -28 5. ILLIN015

I29 N. ILLIN015 NO CHANGE 5.2-5.4-5.7
2 6.1-6.5-6.7*

24 OuACHITA C
2 * 6 -e O

I will NO CHANGE 5. 6- 5. 7- 5. 8
25 E MANA RIDGE 2 NO CHANGE * 6.7-6.9-7.1

" C26 N. Ga(AT PLAIN
, 7

1 150 yrs. J- 1000 yrs. *The aftershocks
may define a
new worte tone

_ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
- - ---



5 5
E 5 r - E

6 6 G
, N 6 e -

G2 N
8 m A = * Aa . HH =. . r .r CC a S a

o, OA o AO m M N M , NN

0 0 5

7 ' E E 7 l 5 E
-- G G - G - G

1 g 5 " N N 5 N 0 ss *
A A A A a1 o 9 H H 5 H 5 H o5

- f C C - C - C r
0 0 5

o O O D 0 e
5 N N N 5 A 4 = c

r
u

4 4_
3 9 7 5 0 o

S
5 76 7 6 6 7

- - - - - - *
s 9 2

l.
5 5 4 5 '

9 aa
5 1 6 6 7 5 6
- - - - - - - *

7
E. 9 2 2 3 2

i'a5 6 5 6 7 5 6
g

f
e
d

E E E E E E E r
G G G G G G G ae N aN JI N f

AMs Ne A A AM H H H H sa A
H H
C C C C C C C k

c
_ O O O O 0 0 0 o

N N N N 4 4 4 h
S
r
e
t

E E E E f
G G G G E a

s N N N N G
i e A . A * A , A * N * e

H H H H A h
C C C C H T

C
O o 0 O
N N l N O *u

N

3 i
E E E E
G G G G
N N N N 5e m A A A A
H H H H -
C C C C 2

5 O O O O
E N N N aI NN O0
2 I

E E E E E T

N t I i

N
R l

G G G G GNI I N
E I

N
I A

N
A' SA l

S to
i l A

I At
I C 1

8

A C I V H Em iM 8 M 1T i
V C V C V C UA )E 0 W M W 1

, E G5
H Is

T
R
O
li

i

s m - * ~ * -

'

E E F E
G G G G

!

A
l NN e

.

m
f1

A A A_ e H H H H
. C C C C.

_

O O O O
N N N N

, i
s

m - ~ ~ * - - r
a
e
y

0
0
0

i yI pI 2 I 2 I y 1 ,1 s 2 I y i

#M s
D U f

e

g E N R
I
AE E

G t C A HIC CM N N a L TE N

m
le

A E E E G t C

| M.
N l

5e t
A seN Nd m .P
L rN N E s un e

G, L. A t 5n f A aA NE A A
> A A L. L. t 4C A P e

M. P y
l C C E
E I t T 7 T g T E N E A

5 5 5 $, 5 P E. P 0T i

A " A 5 5 m N C 5 N C m. :5A . AT l

3

4 3 1 2 5 6 7

M. 3 4 5 3 3 3 8 4 4 4 0
5

0-"



E E
2 e g

G G
N

8 N A
b H H

a C C
0W g 4

9

3 .

e
, n

s o
z
e
c
r
u2 2 0 o7

: s5 7 5 7
- - - -9 n0 0 5 o7

6 7 5 6. ng - - - - a8 7 2 2
e5 6 5 6 n
i

f
e
dE E E

g
E EG G G G G yI N N8 N A A
N N a
A A m, H H H H He C C C C C s *

kO 0 0 q O O cN 'e 4 N N o
h
s
r
e
tE E f

7 G G
N I a
A U

, H * U e*
a C O h

T
O 0
N 4 *

5 -E E) G G -
. 3 N N 2T 1

H
O

l
A A _N e

C
(

f

C He N _
_

C
O O ON

S N I

_E T
_

O E S
Z G E

l Es GE l

E
t

t
l A N UlW o

at .
T t i C I A

H Qe V I C
A

s 0 'S
1

E 1 O
N

H
T
R
O
N

s l

. . .
iop

E E E EG G G GN N N Ne
t A A A At H H H Hes C C C C

O O 0 ON N 81 N

.

1 st - . .

t
'

. rs ,e a
e
y

0
04 2 I , y
1
0I 2 I I y , 2 21 2 t I ,3 2 l 2I 23

y M
t

A D T 5 i K
l 2t .

M Rt N N L U vl C i R OI v LI n -
A Ap RM m

E Ne I T K E L T Et AM VTN T T C C G N
IHR NU m R l

,
0F

I ,Ts R5
4 0 A A N . I u TN 0A C _

L ,

E N N N N t
- O C E i

_
s E WT EN

M
1C Li0 0 0 0 O W P N CB -g5s AM2 T T

t

D
.

G 0 O m E

a R E N P RI E A0 TA5 5 I N E I

0 0 A A R 5 T
l

1WE fF S -0 0 0 E 5 5E 5 i A IA M 0, W P C
.

m. 7 9 9 4 5 M y 07 2 3 4p. 3 3 3 3 4 4 4 4
.

,

,

7W
.

.
*



e

I I I ! !! I= f
2 9 R R If R

*.
e

; f 0 *

I*
*
.R ~.r

_~ . am .. ~~ e~ e 3
is s* 44 44 54 45 NN

*!/ .. IN *9 N *. ** N* $***
.

t* *i **
*

5* **
.

5***
6 e~ e6 un _a . ,~.

44 94 44 44 4 ~- JJ 9; r
:

1 I i [ [ V I tf*
5 5 5 5 6 2

E E 9 2 E E E E
2

i. 1 i. i. V. V. i<_

3 5 5 5 5 ,
9 9 R S E 9

~

,

m eg w 3
5 I E E i i A*. -

- 5 5 5 5 5 6 7o - ~
E 9 2 E E E E O=

E',, P
, m

5j LLJ
* * D
g'|

. . . . .
, 5 0

y 2

' . . . . . . .

==

E

N W g s 8

I I E 8 $ $-

g 2 9 9 9 E E

: -

!
- . . . . . . . . . . .

- -

- sm
2
f i

g _~ _~ _~ _~ _~ -~ _~ _~ _~ _~ _~ _~ _~ _ i

= 5 t t ~-

g s s s :2 s as gs-j ,= s =
3 a s, 3 g 3. - -- ~

g;s.< =- :
g a

= ~ . ~ ~ < v
~

g g g 1, n = = = .

E E* |# | | 5 3 5~ *

"3 -
Sw -

a ; ; r r e g a : s. . .
_

M N

11-33

, .. . . .. ..
. .. .. _.

. _ _ _ _ - _ _ _ _ _ _ _



GUESTION 2-6

For each of the two time periods,150 and 1,000 years, do
you think that there is a better chance for the lower
bound than for the upper bound estimate of the largest
event to occur?

The experts were further requested to specify how many times greater the
chance was for the lower bound estimate to occur than it was for the upper
bound estimate or if the chances were the same.

Those experis who estimated the upper magnitude with a best estimate only, did
not answer this question (-). I

11-34



,

j

c .

O
~

8
-~ m.

2~
. . o, o. . . . . c.

- - ~ ~
,
*

..

- - tu
G
t3o. o. o. .. .. e._ g,
_2n

1 1 1

.Le_. .

.-

s
-

_r _.g ~.-. -. ~. ~. -- .- -.
- .. -..

_

- I
1

-
. . . . . . .

_

_ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

@

Y m
2 o - ,y . . . .

2r e
-

~-

. _ -

Z,
O.

2{ Pe 2 .g . . . .. . mi e m.
O D

,o - - e
s
., . . . . . . .,
_
_

=
- f

|

1 I-
. .

_

Q
*

n. m. -. m. m. n . m. m.

H

,~
-

_
__ __ _~ __ __ __ __ __ .

__ _~ __ __ __ , _ _ _~ _~ ~
, _ _ _

5 -

!, s a s m a :r.
1 ,.., e e e

- __

Et e e m = = g _i
-

_
-

.
= , , .

-: g g g _ ~ g8- 5 |a a s=. _a a a e e
,. ,. ,. g a.

- . - -

e. g g 1
~ == == == , _.. . .

2 % 2 2 : R S 2 0 2 2 % C 4g ~
_ ~

Il-35

. - . - _ . .



' E2 | M". . . . . .>

,.t, k

M

tz.
: $. R 3. 3.h

~

fa
. 2. *

, , , , -

.nem

@
N * M W W N eg

a-

5
- 3

m
W

=
~

* *. . . . . .

x
-

$

-
~ ~ ~ ~ ~

o o @C 2 of. ' " "'

4,

~
"'P

E _. o
4

,_

m
k 2 |E 2 3 3 2 #

I
. 3- - -

C
_

# 8 9 . . t

K

I. 5
.
5
41
en

, " N
,, , s.-

a

-
$

8*. e M e M a m e est e m , ,,g ,

4

* ~ M M NdED ~M b sum h m Na.m h M b

M
%d taf top taf eefW W W W W W a at33 71

g { g-

ag
5 E

a
s

I 5 5 3 .

=. = =. =
jw= = = =

. -t =~ r- a r -
3 E 4 J 4 4 4 3 J 4 3 4

i * = - =- . -m . . 3
.

Il-36



9

1E
; .:~

- .. . a . e .
t5
.

h

43-

t2
st. :p..

5=E
. . .

.,

numr

@

s
E

==

-
num muum

+
Y
==
*

. . . . . .

_ .

-

N N

m

9*

5 A
: : e e z
E o_

W

I *
W W

D|g .

O~ =
I . o,

= -
6- -

5 _

=
2
-

. . .
,

Y
;.m.

i

'

I

f E t I 5
-

m,
,

- - - -,

-

:- m. m , m . m , m .

:
>

- N = N e- N m Np. N- .% >= N * Nm N== N *

.. . - N

dI Wa
d tr.

g:m : := = g m- =5 25
-

ee e a g_

I 5 5 W E OE 3W
= = _ _ v s a ;- w -, ::a a] B

* W=
~

y g g s i En E g 3 -a a a a

a x - x x x = x s , : :N

I .

11- 3 7

.- _ _ _ _ _ _ _ _



SOUTH EAST [#N U.5,
' ^

.I I 4 1 5 I to I 13 1 I a I 9 I It I tr
*

'

HOW MANY TIMES GREAllR 600W MANT TIME 5 GRf Af(R

'

'

56 f. 5fASLE PLATF .

32 5. APPALACHIA } $Aq . . 2 .
2

.

*

351 5. APPALACHIA 2 .

13 Pl[0BOIT I 2
. .

*

2 ,3 1-2
2 . SAME 10 8

j52 PIEDNDMT ~
j . .

53 CENTRAL VIRGIN!AI )
2 -

NotiMERN VALLif I 514
AND RIDGE 2 ,3 SAT - * * 2 -

10
*

,

APPALACHIAN I ) SAH[ . . . 2 .
8 25' m gg

PLATEAU 2 _ 5 -

1
~

10 -

2 -

2 (NOE5i!MAff
*

3 VE5
16 CHARLESTON 2 * SAME 10

*-.

355 CHARLESTON 2

ATLAMilt COASTALI $
SAME .

3 .
g7

PLAIN 2

ATLANTIC COASTAL I 3 . . 2 .49
PLAIN 2 .

54 WILNINGTON

f fGULF C0ASTAL57
PLAIN

I - 150 years 2 . Imy) years Isce returcate relation) * g i g d g ta Probability

GUESTION 2-6
.

t



CAESTIONS 2-7 TO 2-9

2-7 What in your opinion is the retu.tn period of the lower
bound estimate of the largest event for )C0 yects,
1,000 years and clso on unconstrained time period?

2-8 What in your opinion is the return period o' tne upper
bound estimate of the largest event for i'50 years,
1,000 years, and also on uncorstrained time periot?

2-9 What in yo;r opinion is the return period of the best
estimate of the Icrgest event for 150 year s,1,000 years
and also an unconstrained time peried?

.

.

I
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GUESTION 2-10

if in the next 150 years you were told that omong the
several events that occurred the two largest ones were of
the same size, what size would you guess they were?

I

\
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20 NEW M40Bl0 In 6.2-6.4-6.6 6.2 6.2 5.5-6.0-6.5

21 WASASH
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22 OZAan UPLITT 5.6 5.5

23 sel55155tPPI II 5.u-6.0-6.0 5.1 5.0- 5. 5-( )

10 UPPER atMINAW Vil V-VI-VII - - - 5.2-5.4-5.6 3.1 5.1 4.5-5.0-5.5

II Anna. OMIO VI - - - 5.2-5.4 5.6 4.7 5.3 4.5-5.0-5.5 4.75=
b 30 Amm4. OH10N 5.0-5.2-5.4

18 CENTRAL STAdLE VI V-VI-Vil - - - - 4.2 - 5.0^ RL *:

19 CEhiRAL STA8t f VI - - - 5.4-5.6-5.8 - 4.4 - 5.0
RL G. _ i_

27 ([nTRAs ?*3LE 4.6-4.4-4.8 3.1 4. 0- 4. 5- 5. 0
RE G.

28 5. ILLINDIS VII -

29 m. ILLim015 4.9-5.l-5.3 5.0

se OWiHiiA g,4 5. 6-5.s- 5.2 5.0
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26 N. GREAT PLAIN 5
g,o.5,p.g,g 4.9

All tones -0.5g of upper bound*

15J years earthquake.

QUESTION 2-10
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3.0 EARTHQUAKE OCCURRENCE

The following questions considered the occurrence of earthquakes within the1

I next 150 years. Occurrences are either expressed in terms of the number of

earthquakes (n) expected to occur within that period (for example: 47 in 150
years) or os the mean rate of occurrence per year (i.e.,0.313 per year). In most

cases, the experts were given the choice to express their opinion in terms of a.

best estimate and/or as a range defined by its lower and upper bounds. Again,

they had the opportunity to express their level of confidence over the range in,

terms of a distribution (either discrete or continuous).

The linear relationship
f

Log N + bS=
c

i

size of earthquakes (Magnitude or MMI)where S =

N cumulative number of events greater or equal=
e

to size S

o, b regression parameters, respectively intercept=

and slope of straight line,

which was usually obtained from regression analysis on the dato, was often used

to represent the seismicity of a region. The regression parameters "c" and "b"
cre occasionally referred to in the following questions.;

,
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QUESTION 3-1

Do you think that a linear relation is occeptable to
describe the seismicity of seismic source zones? If not,
what should the form be?

Six of the ten respondents thought the linear recurrence relationship should be

used without modification.

#

Respondents 3, " acceptable"
9 and 10:

Respondent 5: Appears to be approximately linear - over the
modest range of adequate data (V-Vill) in most
regions.

Respondent 7: for lack of anything demonstrably better

| Respondent I1: A more complex relationship is not warranted
by either theory or data.

Four respondents suggested imp-ovement.

Respondent 4 said that the data seemed to be showing a
bi-linear or tri-linear relationship (i.e., a lower slope for 1
5 V than for i a VI. Also, there may be an even steeper

slope for I z X).

Respondent 8 wanted the relationship qualified by an
upper bound to prevent the extrapolation of extreme
events, as not all re,gions appear capable of producing
such events. Thus, the upper bound should be determined
regionally by investigation of such deterministic factors
as fault dimensions, rock properties, and the stress
regime.

Respondent 12 thought the relationship should be
quadratic.

Respondent 13 thought the relationship is valid where the
data set is complete. Otherwise, it is necessary to make
a correction for " detection capability" as a function of
time.

11- 5 7 -
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QUESTION 3-2

Do you think that the slope or shape of the recurrence
relationship should be zone-independent and that only the
intercept "a" should vary from region to region? If so,
and .if you believe that a linear recurrence relation is
valid, what in your opinion is the value of "b" appropriate
for the East?

Respondent "bd-value

3 Region independent 0.57 (MMI)
4 Region independent for N.E. U.S. and E. Canada

"b"-value very preliminary for: I s Vll 0.417 (MMI)
I > Vil 1.586 (MMI)

.

5 Region independent
best to assume a "b"-value of about 0.55 - 0.6 (MMI)
and fit this to the best data.

7 Region independent (excep: possibly New England) 0.90 1 05 (m )
b(except near Charlestory S.C. "b" = 0.70)

;-

L 8 Region independent 0.8 1 1(m ) !

:

b
12 Region independent - the " state-of-the-art" does 0.8 - 1.0 (m )bnot justify region dependence (with the

possible exception of zone 2)

13 Region independent for large regions 0.55 1 1 (MMI)
9 Region dependent

10 Region deoendent

iI Region dependent 0.5 1 1 (MMI)0
Because of insufficient data, this expert could
not determine "b"-values for the individual
zones. He, therefore, assigned a common
"b"-value of 0.5 + 0.1 for all the zones. He
notes, however, that when the data base
becomes sufficient, separate "b"-values
should be determined for the separate zones.

|.
11- 5 8
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QUESTION L3

: Consider 'a local tectonic feature which in recorded
history has had a few earthquakes of relatively large size-

associated with it. Do you believe that the classical
recurrence relationship is appropriate to describe poten-

,

tiol activity of this feature or is another type of recur-
) rence biased toward the large size events more

oppiopriate?

a .

The majority of respordents found the classical relation oppropriate, although
most appended comments of one form or another. The respondents finding the
classical relation inappropriate did so because there may be question on how well

one con predict large events from small ones, because direct deterministic

! predictions may prove better, and because of the scorcity of data on large
' events.

:
Respondent

3 Classical recurrence relationship appropriate

4 Classical opproach okay with modification for a bi-linear
;

or tri-linear recurrence

5 Consider only those events with a return priod of less than
the period of observation

o '
7 If the dato is not sufficient to determine "o" and "b," then

assume "b" and adjust the line with due consideration to
the data set.!

8 Because of the shortness in time of the historical dato
base,~ our assessment of the earthquake potential might
favor o' more deterministic approoch (i.e., local rock*

properties, structural dimensions, and the regional stress
field)

9 For the New Madrid Fot,lt Zone, the classical recurrence
relation, when fitted to the large earthquokes, gives
essentially the some recurrence equation as the micro-
earthquake and the minor earthquake data.

10 Sparse dato in - Eastern U. S. If there is reasonably
complete dato at small sizes, the relationship may be

| valid at intermediate sizes, but not for the forger
magnitudes.

1

11- 5 9
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QUESTION 3-3

(CONT.) -

1I The classical opproach seems to work in areas where
there is a more complete data set. My first approcch
would be to try it in less octive areas. I cannot suggest a
different model.

12 Given' the sta te-of-the-art" the classical recurrence
"

relationship h the most oppropriate

13 The extrer .e value method (i.e., Gumbel).

i

.

1

11- 6 0
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QUESTION 3-4

At what depth would you locate the ertergy release in
each source zone? Use several depths or depth ranges if
you believe that distinct source mechanisms or other
factors generate parallel activities at different depths. If
you use several depths or depth ranges, comment on the
reason for doing so and assign the percentage of activity
attributable to each.

The consensus of the experts was that the focal depth for most eastern
earthquakes lies in the 5 to 15 km range, though the table of responses should

be referred to for more detail.

Respondent eight, while stressing the sporcity of dato, replied that most focal
depths in the East lie between 5 and 17 km, with some small magnitude quakes

shallower than 5 km. Respondent nine postulated I to 20 km with a median

depth of 5 to 10 km. Respondent seven commented that, according to his focal

depth study based on surface waves, in general focol depth lies between.
I and 25 km deep in the East. He found that most source regions have o mean

depth of 12 2 5 km, with only a few exceptions: Charleston, Attico, and New
York would all be less than 5 km, while Wobosh would be 15 to 25 km. Shallow

depth means a higher intensity for o given magnitude, but the some felt area.

The following table lists the experts' answers to Question 3-4 in detail.

_

ll-61
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QUESTION 3-5

Consider the historical seismic dato os, for example,
presented in the seismicity booklet. In general, is this
data by itself odequate to define seismicity models of
future activity? Express your answer os a percentoge j

difference between the octual data and the appropriate
model.

There does not seem to be consensus on this question, and some respondents
found it ambigeous. Four of the eight answering respondents answered that no

difference should be escribed either because the dato are adequate for small

zones, or because the data are inadequate, yet nothing else con be reasonably
done. Three respondents answered by zone, one by range fer all zones. These

answers cluster about 70 to 70 percent " lower" for the small range, and about
80 percent " lower" for intermediate range. There were few responses for the
large ronge. The following table lists the answers in detail.

Respondent 5 * "I firmly believe that there are rather sub-
stantial changes in seismicity with time. I
suspect that these changes are strongly
region-dependent. However, oport from-

hinting that they exist, actual dato is not
adequate to define these changes.

"In the obsence of information about these
changes, there are in my opinion two
options. One would be to accept the histor-
ical data at face value, using the argument
that we are not sure whether the region is in
a period of .high or low seismicity. The
other is to attempt to be extremely con-
servative, and to use o larger rate of seis-
micity for future estimation than observed
in the historical record.

"I tend towards the first of these options."

Respondent 10 * Dato not odequate, but seismicity models of
future activity must be based on it until
better methodology is available. Mean-
while, all zones 0%

11-66
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OUESTION 3-5

(CONT.)

Respondent 13 * Insufficient data. For all zones (except 3 &
4):

Smo|| Rar.3e-data is 75% lower than needed.
Medium Rcnge-data is 50% lower in more
active zones, and 80% lower in other zones.

Large Range-data is 95% incomplete (total-
ly inadequate).

Respondent 9 * Insufficient data.

Respondent iI + Cannot quantify the errcr. Data is adequate
for small roage, but not for medium and
large range.

.

%
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QUESTION 3-6

if you feel that the "b"-value should be zone-dependent, *

what values would you recommend?

The following table lists the "b"-values given by the experts in both Question 3-2

and Question 3-6.
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QUESTION 3-7

What values for the intercept "a" would you recommend
for each source zone? Assume N represents annual

Ccumulative numbers of earthquakes in each zone (not
normalized by area) and the intercept occurs at a " size"
zero. If you prefer to provide N for o normalized area,
explicitly note the unit area that you are using.

The following table lists the answers to this question.

There were no responses from the experts to questions 3-8 to 3-15.

1

l
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gutsiton 3-7
50uTM iA$ tim u.s.

3 I e I s I 10 I u 7 I n I 9 I il I 82se. zee nWE
.- ,-

56 E. STA8LE PLAff0AM .

12 5. APPALACWie 3.01 - - - - 3.4 e.la 4.9-5.0-5.1 - -

51 5. APPGLACNIA 3.01

13 PIEDWT 3.01 - - - - 3.59 f. I I 3.0-3.1-3.2 - -

52 PIESENT 3,o1 .
.

53 CENTGAL vleGINIA 2.10
-

I4 W RTNEAN WALLET
Amp Algst 2.10 - - - - 2.47 e.1 i 3.3-3.6-3.9 - -

.[D APPAL 8C"388
. '3.5-3.8-4.1 -

15 2.10 - - - - 2.79. l.1N PLATEAU -

16 CMAALEifog 2.76 - - - - 1.80 .! ) 5.9-2.2 2.5 - -f

55 CNAALESTOs 2.76

ATLAnitt C0ASTAL . . . . 3.11, ,1,6 2.5-2.5-2.9 - -

.gy
PLAIN -

ATLAeTIC COASTAL 2.1049
PLAIN

'

54 WILMInGT04
-

W COA 5fAL ,gy
PLAIN l.6-1.8 2.0

(See Appendia) * W would * nomallred to
act recommend an erva of

2"a* valers at 100.000 km ,
this tiae.

QUESTION 3-7
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4.0 ATTENUATION

An attractive opproach to supplement the limited strong motion data in the East

is to infer, based on theoretical or experimental considerations, the difference in
peak occeleration and velocit'y ground motion between the Eastern United States

(East) and the Western United States (West) and to modify correspondingly the

Western attenuation relations and intensity correlations in order to make them

applicable in the East. The following questions address this problem in o
qualitative os well as quantitative manner.

The experts were asked to keep in mind when answering the following questions,

that we are interested in strong earthquake ground motions that pose o threat to

the safety of nuclear power plants. Ground motions roughly corresponding to
M.M. site intensities of IV or greater may be considered strong motion for this

exercise.

Questions 4-1 to 4-8 addressed the overoll ground motion differences between

the East and the West without trying to determine their origin. The rest of the
section explores several of the possible causes for these differences.
Questions 4-9 to 4-15 considered differences in attenuation (travel path and

regional geology). Questions 4-16 to 4-18 referred to differences in source
characteristics between earthquakes occurring in the East and West.

The dato in this section was formed by only seven of the experts. Respondent

five did not answer, and three answered only two questions. Respondent eight

felt that he could not make a meoningful comparison because the available
" strong motion" data in the East was " negligible."

|
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QUESTION 4-|

To what degree do you feel there is evidence to
substantiate the hypothesis that strong ground motion
chorocteristics are different between the East and the
West?

There is a general consensus that the chorocteristics for strong ground motion
are different between the East and the West. Only two respondents ind:cated
that the evidence was less than 90 percent convincing. Respondent seven

answered with 70 percent, while respondent eight commented that there was not

yet sufficient strong-motion data from the East to make a meaningful
comparison.

Respondent nine noted in particular that ". . . except for very high frequency
waves, absorption does not affect ground motion at distances of less than about j
25 to 50 kilometers. Thus, in the nearfield zone the attenuation la the East will

be similar to that in the West." Further in this section the opinion of the other
1

experts bore out this conclusion. !

|
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GUESTION 4-2

Specify the evidence that supports this hypothesis.
.

EXPERT NO. 3 4 7 9 10 11 12 13

TYPES OF DATA IMPORTANCE OF DATA ON A SCALE OF 0 TO 100

Size of Felt Areos (Intensity Reports) 90 100 60 100 100 100 100 50

Instrumental Strong-Motion Records 0 10 60 0 10 10 25 50

90 100 80Instrumental Records of Local Non-Domoging Earthquakes 90 80 70 100 -

instrumental Teleseismic Records 10 10 15 30 50 30 15 -70

Measurements Obtained from Nuclear Explosions 10 10 10 30 3d 0 40--

Other areas in the World with Similar Tectonic Setting 0 40 10' 50 10 0 10-

There is a consensus that the size of felt areas and the instrumental records of local non-domoging earthquakes
overwhelmingly provide the bulk of the evidence. Some importance was also given to instrumental teleseismic records and
some also to instrumental strong-motion records. The other factors were generally considered unimportont.

.

..



OLESTION 4-3

Several correlations between epicentrol intensity and
magnitude have been tieveloped for different regions in
the East. V! hat correlation (s) do you think is oppropriate
for the source regions developed in Section 1.0?
Comment in general as to the reliability of these
correlations.

The respondents fell into two somewhat similar camps. One group (respondents
four, seven, nine and ten) favored either the Nuttli or Street-Turcotte
relationships

Nuttli I, 2mb - 3.5=

S&T I, 2mb - 3.4=

with respondent ten favoring Aggarwal's formulation for the Northeast.

Respondent four favored m = 1. + 0.61, based on one hundred data points in the

Northeast, while respondent thirteen favored m = l.2 + 0.61, (Chinnery) for
zones seven and eight. These relations give a slightly greater spread in
magnitudes than do Nuttil or Street. I

i

The other group (respondents eleven, twelve and thirteen) emphasized the large
scatter in the relevant dato and pointed out the need for more work to be done
on these relationships. Fundamentally, l was thought not to be a goodg

indication of magnitude because of the variance in hypocentral depth, the
difficulty in measuring 1, and mb, the lock of data for specific cases, and the
lock of a standard magnitude scale.

1

I
The suggestion was made to reonalyze the available dato by combining dato i

sources, and possibly searching for other correlations (e.g., mb vs. log isoseismal
area, or the introduction of depth as a variable).

Despite the emphc. sis on the need for more work, there seems to be o general

consensus in favor of the Nuttli or Street-Turcotte formulations as applying
| generolly to the Eastern U. S.

[ l

*
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QUESTION 4-4

Considering the possible regional variation of strong
ground motion chorocteristics, how would you zone the
entire United States? If you feel that several zonations
are acceptable, rank them.

There is some ogreement among the respondents on zonation of the entire U. S.

Most favored West-East zonction under the opinion that more detailed zonation

was not necessary for most purposes or that it awaits either further data or
increased understanding. This was the predominant response.

Respondent thirteen, however, repeatedly made the point throughout this section

that local variations in strong-motion characteristics con be so great as to
overshadow any regional differences.

Respondent eleven mentioned the possibility of an intermediate zone between

the Rockies and Sierra Nevadas, and the possibility of the Gulf Coast as a
distinct zone. Mention was also made, by respondent niae, that there may be
some difference in ottenuation between the Southeastern, Northeastern, and

Central sections.
I

Il-87 -
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QUESTION 4-5

What kind of differences in the correlation between peak
ground motion values and intensity would you expect to
find in the East as compared to the West? Specify the
percent change in the parameters for a given intensity
expected in the East relative to the West. Indicate by a
minus a decrease in the East relative to the West.

The experts were again divided into two groups on this question. One group said

there would be no difference between the East and West. But their reasons
differed. Respondent eleven argued the mechanids of attenuation. Respondent

thirteen orgued that there was such a great variation between neighboring sites
within each region (up to 300 percent) that this fact overshadows the difference

between the " average" value of the East and West. Respondent four felt there
was not enough data.

|

The following table summarizes the response of those who believed that for a

given intensity and distance there would be an incremental percentage differ-
ence in peak acceleration and velocity between the East and West (a minus
percentage equals a decrease in the East compared to the West).

For a given intensity distance range (km)
Parameter Expert 0-20 20-50 50-100 LOO-500

7 20% 50 100 300
Peak Acceleration 9 0 200 500 1,000

12 0 -10 -25 -100

7 '<0% 50 100 300
Peak Velocity 9 8- 150 300 600

|12 0 20 50 285

ll-88,
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GUESTION 4-6

What kind of differences would you expect in response
spectrum amplification factors of ground motion in the
East as compared to the West? Specify the percent
change for the East relative to the West. Indicate by a
minus sign a decrease in the East relative to the West.

Of the three respondents who answered this question respondents seven and

twelve answered numerically:

Distance Range (km)
Expert

Frequency Range No. 0-20 20-50 50-100 100-500

6
High Frequencies 7 0-82 % 82-346% 346-1,892% 19.2 - 3 x 10 %

(Proportional to 12 Some -10% -25% -100%
Accelerotion)

Moderate Frequencies 7 0-6% 6-16 % 16-35 % 35-39 %
(T'roportional to 12 Some 20% 50% 285%
Velocity)

Low Frequencies 7 Some 0- J.5% 1.5-3% 3-16 %
(Proportional to 12 Some 20% 50 % 285 %
Displacement)

Respondent thirteen argued that amplification depends largely on site geology

and structure os opposed to regional chorocteristics.

11- 8 9

-
. ..

___-



QUESTION 4-7

How would you prefer to develop a response spectrum for
on Eastern site?

The responses of the five answering experts are summarized in the tob!e below.

Ranked below on a scale of 0 to 100 (with 100 being the highest preference) are

several techniques for development of response spectra at a site.

TECHNIQUE I Calculate or infer a site intensity. Correlate
this with a peak acceleration and correlate the
peak occeleration with a response spectrum.

i
TECHNIQUE 11 Calculate or infer a site intensity. Correlate

this with a peak acceleration and a peak
velocity. Correlate these two porcmeters
with a response spectrum.

TECHNIQUE 111 Calculate or infer a site intensity and corre-
late this directly with a response spectrum.

TECHNIQUE IV infer o postulated earthquake magnitude and
distance from the site. Correlate directly
with response spectrum ordinates.

TECHNIQUE V Infer a postulated earthquake magnitude and
distance from the site, infer a set of repre-
sentative time histories and thereby postulate
a resoonse spectrum.

Experi No.
Techniques 4 7 10 12 13

I 50 50 70 10 50
11 60 55 0 50 80
til 100 25 0 30 10
IV 100 60 50 90, 20
V 80 55,, 80 100 80

Other 0 70 0 0 0

*
only if mognitude period dependent

"use magnitude, distance, acceleration, velocity relations to set levels of
response spectro." Also, representative time histories might be used. The
DELMAR model might also be used, but would require verification.

|
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QUESTION 4-8
,

What are the factors responsible for the difference in
strong ground motion chorocteristics between the East !
and the West? I

Attenuation was considered to be the most important factor accounting for
differences in strong ground motion between the East and West. The importance

ascribed to source characteristics and local site effects was mixed, indicating a

smaller role. Several other factors were indicated in the comments. Respon-

dents eleven and thirteen noted that site effects in either region could cause

greater variations than East-West differences. Respondent thirteen suggested

ignorance or lack of good dato for the East could account for some of the
perceived difference. Respondent twelve remarked that the duration may af fect

differences in characteristics. Respondent nine noted that faults of western

earthquakes sometimes break ground and consequently cause larger ground
motions than quakes in the East which are not known to do so. He also said that

,

most of the differences in ground motion can be accounted for by differences in

ottenuation caused by obsorption.

Possible factors controlling differences in strong ground motion characteristics

and their percentoge weights are specified in the following table:

\

.
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OUESTION 4-8

(CONT.)

EXPERT NUMBER
FACTORS 4 7 9 10 11 :z 13

Percentage Distribution

ATTENUATION (Travel path, 50-60-80 40-45-60 70-80-90 20-30-40 70-80-90 25 30Regional Geology, etc.)

SOURCE CHARACTERISTICS 0-20-30 40-45-60 10-20-30 5-10-15 10-20-30 25 30
i

(Earthquake generation
| mechonism, Depth, etc.)=
.

LOCAL SITE EFFECTS 10-20-40 5-10 0 50-60-70 0 25 30+100(Local geology or soil -

conditions)

OTHER - 0 0 0 0 0 25 10**
*

*
Duration of strong motion

**
Poor knowledge, lack of dato

.

_ _ _ _ . . _ _ . . _ _ _ _ . . _ _ _ _ _ _ _ . _ _ - . _ . _ _ . _ _ _ . _ _ - _ _ __ _ _
-"
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QUESTION 4-9

Are travel path effects regionally variable in the East? If
so, con you specify regions of relatively uniform travel
path effect?

All seven respondents thought that there is a regional Eastern variation in travel

path effects. As a general classification, several identified one or more of the
following as uniform zones: Northeast, or Appolochion; the Atlantic Coastal
Plain, the Gulf Coast Plain; and the Centrol U. S. Respondent thirteen remarked
that the crust is not uniform even within zones; while respondent nine noted that

East / West differences are so much greater than any regional differences within

the East, that these Eastern regiorial differences become insignificont for most
studies,

s

.
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QUESTION 4-10

What form of on intensity attenuation relation do you
prefer for the East?

|.

Ranked below on a scale of 0 to 100 (with 100 being the highest preference) are

j several functional forms for on intensity attenuation relation,.

i
|

| Expert Number

4 7 9 10 || ___l 3

1=l + C; - C R - C 1 gR 100 90 70 100 802 3 ,3 o

i*I -C-CR- 50 20 50 20s o g 2

1 = 1, + C , - C 1 gR 50 75 80 100 603 3

Other 90

- Most respondents favored the more general form of the equation, ecuation I,
while equation 3 (C = 0) was generally thought to be adequate, too. Respon-2
dents nine and ten definitely favored this specialized form. Respondent thirteen,

however, thought the relatiot - ..>uld be developed from local network data, and

that until that time concentration should be placed on predicting ground motiori
as a function of distance, site, etc. Respondent twelve thought I, a poor
characterization of on earthquake and therefore recommended that none of the

equations be used.

|
e

i

r
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QUESTION 4-11

Given the dependent variables of acceleration and velo-
city, what is on oppropriate set of independent variables
for Eastern attenuation relations?

Given the dependent variables of acceleration and velocity, the following
independent variables were preferred for Eastern attenuation relations:

Site Intensity (usually computed from o relationship of the formte 1 =
3

log R)I - C; - C R - C3i *
2s o

Only Respondent 4 felt that this was sufficient in itself for on Eastern
attenuation relation. Most other experts felt i could be used as a variable

s

in conjunction with other independent variables. Four correspondents,

recorded below, also felt that it wasn't at all necessary for the attenuation

relation.

e R = Distance from source to site

S= Event " size" (e.g., magnitude or epicentrol intensity)

The respondents (except number four) felt that these variables were
necessary, though in the differing combinations discussed below.

e 1, R, S
3

The combination of all three independent variables was favored as the best

possible alternative by Respondents seven, ten, eleven, and thirteen.
Respor. dent eleven, however, suggested that one could either do~without

the size of the event (S) and just use 1 and R, or, for peak values, do
3

without R and just use i nd S. Respondent ten felt that one only had to
s

usei nd 5 for all frequencies.
s

.
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Y

Four experts suggested using R and S without the independent variable 1.e
3

Respondent seven - indicated that, for waves of all frequency , this was
sufficient.

I

Respondent nine - noted that the c> efficient of absorbtion for large waves
(I Hz) is

0.0006 km'I in the East, and

0.006 km'I in the West.

For waves of 10 Hz the coefficient is

0.006 km-I in the East, and

0.05 km'I in the West.

Thus, for various wave frequencies, it is possible to construct attenuation

curves for ground motion amplitude vs. distance. However, he saw no way

of including site intensity (1,) in such relations.

Respondent eleven - felt R, S to be sufficient only for high frequency
waves.

Respondent twelve - suggested a further variation: S (m ), R, T, with
b

"T" being on elustic attenuotion coefficient. He air.o commented that
\values are available for 0.1 Hz, I Hz, and 10 Hz, while values for other

waves could be extrapolated.

In summation we con say that most experts favored using the three variables,1,
3

R, and S, though some of these experts felt that it is not necessary to use 1. On
3

the other hand, R and S were generally considered to be indispensable input for
on Eastern ottenuation relation. *

|l-96
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QUESTION 4-12

Are there any specific attenuation relationships that you
would recommend for use in the Eastern United States? If
so, specify the relationships, references, and applicable
regions.

All three respondents answering yes to the question indicated no difte.entiation

among zones. Respondents nine and twelve cited Nuttli's magnitude formulae

(published in 1973 and 1979).

-0.36 + 0.52 m R s 15 km
1 s

2
log H(cm/s ) =

0.84 + 0.52 mb - 1.02 logR(km) R 215 km

log V ox(cm/s) = -2.92 + r"b - 1.0 logR(km)

Respondent four suggested the conservative i * I criterion for the Northeast.
s o

.
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QUESTION 4-13

To your knowledge, is there any evidence to suggest that
the rate of intensity attenuation is a function of the
epicentral intensity l ? In other words, is the attenuation

.ogradient 31/ a R a function of I ? -

g

The experts generally ogreed that, as for the data available to them indicated, !

the rate of intensity attenuation was independent of the epicentrol intensity,1.
9

There were, however, comments made modifying this consensus. Respondent

twelve said there was too much scatter in the I, iO realistically answer.
Respondent thirteen noted that in large earthquakes the creo of 1, is also usually
large, cousing a slower attenuation of intensity until greater distances are
reached. A large focal depth also causes a slower fall off cf intensity. He also
noted that above a given value of strain ottenuation increases.

I

i

.

t
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OUESTION 4-14

Are there any regions in the world that might have
attenuation charocteristics similar to those in the East?

Six of the experts made suggestions. The consensus of opinion centered on the

bulk of Europe (excluding the Mediterranean countries), the northern and central

Russion platforms, and eastern centrol Latin America. Stable continental

masses such as Central Australia, Africa and India were mentioned by half of the

respondents. One respondent mentioned Canada and Chino near Beijing (Peking).

The criteria used fell under:

1. Lithosphere thickness at time of latest progeny

2. Intraplate regions

| 3. Stable continental areas
~

4. Shields or old high platform creas

11- 9 9
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QUESTION 4-15

To what factors con we attribute the differences in
attenuation between the East and the West? !

l

The table below summarizes the response of the experts. They indicated by
ranking on a scale of 0 to 100 the factors they felt might explain the differences

in attenuation between the East and West.

Expert Numbers
Foctors 4 7 9 10 || 12 13 Ave.

Lower intrinsic domping 100 90 85 30 75 100 50 75
,

Different crust structures
(vertical heterogeneities
giving rise to critical 60 50 0 60 100 0 50 39angle reflections and
wave guide effect) ,

|

Less complex wave path |
-

(lateral heterogeneities
30 80 15 80 75 0 50 47

,

giving rise to scatter,ngi

and defocusing)

Other 50*

)

* "Inodequate data to really establish this at short distances."

11-100
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QUESTION 4-16

Are there any significant differences between Eastern and
Western earthquake source chorocteristics?

There is not a general consensus on this question. Respondents nine and eleven

remarked in their comments that they thought there were no intrinsic differ-
ences between Eastern and Western sources. There is, however, a general
consensus among six respondents including one who did not feel that there were

any differences, that " stress drops" and " source dimension" are important factors

that distinguish the twa regions. Only four respondents specified smaller / larger

comparisons; seven and ten thought that the East has smaller " stress drops,"
,

twelve and thirteen thought the contrary, and all four thought the " source
dimensions" in the East were smaller. The importance rating given source depths

and competent rock was somewhat mixed. Rupture time and rupture velocity
were considered less important factors. Respondent twelve stated that the
Eastern earthquakes were more predictable. Respondent seven commented that

the first three factors were lumped together in their calculation of " stress drop,"

and noted that small Eastern earthquakes are deficient in low frequencies and

larger Eastern earthquakes are similar in stress drops to Western ones.

Of the two respondents who saw no intrinsic difference between the Eastern and

Western earthquoke sources, respondent twelve commented that local site
differences overshadow any generalization between Eastern and Western source

chorocteristics. Respondent nine mentioned that the only significant difference

in source mechanisms between Eastern and Western earthquakes was that the

latter sometimes break the surfnce.

The followino loble summarizes the opinion of the experts. They indicated by

ranking on a scale of 0 to !00 the factors which they felt distinguished Eastern
versus Western earthquake sources.

11-101
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OUESTION 4-16

(CONT.)

Expert Numbers
Factors 4 7 9 10 || 12 3 Ave.

Longer / shorter rupture 10 60 30 10 0 0 20 19
time

Lower / higher rupture 10 50 0 10 0 0 20 13 |velocity j

Smaller / larger source 70 60 30 50 0 50 60 46
dimensions

J
Smaller / larger stress drops 80 90 30 50 0 50 60 53

'

Deeper / shallower sources 10 10 20 40 100 0 40 31

More/less competent rock 100 40 0 0 0 0 60 29
Other (specify) - - - - - - 100* -

|

.

#Aore predictable
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QUESTION 4-17

How, in general, are these differences in earthquake
source characteristics between the East and West moni-
fested in ground motion?

Higher "high frequency content" and higher " low frequency content" were
thought to b'e the most important manifestations of the differences. Higher
" peak values," (particularly velocity and displacement) and larger " durations"

were also considered. Respondent seven commented that the fre@ency differ-

ences in the East will become smaller with increases in earthqvcke magnitude.

Respondent thirteen stated that his answers were guesses because it is necessary

to look at data from the East and the West for the some magnitude (l ) events.
g

Respondent nine suggested that Eastern earthquakes may have higher stress

drops for the same seismic movement which would offect the high frequency
spectral content. He also stated that this factor is much less important than
differences in absorption in explaining differences in ground motion.

The responses are further summarized below. The effects on ground motion are

ranked on a scale of zero to one hundred.

Expert Number
4 7 9 10 || 12 13

Longer / shorter duration 10 60 30 90- - -

Higher / lower high frequency content 90 30 50 50 - 0 80
Higher / lower low frequency content 90 80 20 70 --- --

No change in frequency content 10 10 70 0- -- --

Higher / lower peak values for the some intensity 100 -- 0 5 - - -

.e acceleration - 30 - - - -- -

e velocity 50 - - - 50- --

e displacement - 70 - - - - --

11-103
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QUESTION 4-18

Are there any regions in the world that might have
earthquake source chorocteristics similar to those in
the East?

There is a general consensus among six respondents that other continental
introplate regions in the world are likely to be similar to the Eastern U. S.
Respondent eleven said that probably most of the world was similar to the

East because he thought source chorocteristics other than depth were not regionally
dependent. Another respondent stated Centrol Europe, especially the Upper
Rhine of Germany, is similar and also of moderate activity. He suggested

reviewing the work of Ahorner and Rosenhauer (1978, and previously in 1975), j

as they applied Gumbel's extreme value method to estimate risk and maximum
magnitude.

Respondents four and twelve did not answer and thirteen, while falling within
the consensus, remarked that his answer was just a first guess.

|

1
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QUESTION 4-19

Are there any significant differences in site effects
betwcan Eastern and Western sites?

Five of the seven respondents onswered either that there were no differences, or

that differences from site to site overwhelm any East-West regional differences.

Respondent four predicted a difference in the high and low frequency content as
well as a difference in peak values. Respondent ten, however, felt that only the !

high frequency conten: would be offected.

i

:

1

1

:

l

f

|
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QUESTION 4-20

in general, what is mechanically the maximum occelera-
tion that variou: types of deposits could be expected to
sustain?

Three respondents answered, in terms of percentage g, what they thought the

maxirnum sustainable acceleration on different earth media would be. They all,
bewever, emphasized the poor quality of data or lack of confidence in their
answers.

Maximum Acceleration in %g.
Expert Expert ExpertType of Ground 4 7 13

Sof t Soils 50-80-100 40 100

Firrn Soils 30-60-80 50 100

Soft Sedimentary Rock 40-70-100 60 100

Hard Sedimentary Rock 30-50-80 100 100

Basement Rock 10-30-40 150 100

s
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QUESTION 4-21

Now attempt to integrate your responses on the previous
travel path, source chorocteristics and site ef fects ques-
tions by summarizing the distinction between East and
West overall ground motion. Indicate by a minus a
decrease in the East relative to the West.

The consensus indicated that the " duration," "high and low frequencies," and

" peak values" (especially velocity) are greater in the East for a given magnitude

than in the West, and that the differences increase with distance from the
source.

The increase in the near-field (0-50 km) for " duration" and " low frequency"

content was considered from negligible to small, while "high frequency" content

was believed to show a more significant rise. Only one respondent predicted
more than a small rise in low frequency content with distance.

" Peak values" close to the source (0-20 km) also showed only c negligible
increase in the East over the West, but showed much greater increase with

distance.

The following table tabulates the response of the experts. They were asked to

indicate by percentage increase how the overall differences in source character-

istics, attenuation, and site effects between East and West would offect the
following parameters of ground motion:
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Distance Range (km)Expert
Etrects on Ground Motion No. 0-20 20-50 50-100 100-500

4 0 10 20 30
7 0-20 20-50 50-100 100+

Longer Duration 9 0 50 100 2-500
10 0 0 0 0
12 0 25 50 100

4 20 30 40 50
7 0-10 20-50 50-100 100+Higher / Lower
9 30 50 100 200High Frequency

10 50 50 50 50
12 - -- - -

4 10 10 10 10
7 0-10 30 30 50Higher / Lower
9 20 20 20 20Low Frequency

10 - - - -

12 0 20 50 285

Higher / Lower
Peak Values 4 10 30 40 50

7 -30 0 50 200e Acceleration.

9 0 200 500 1,000

7 0 20 60 20
Velocity 9 0 150 300 500e

12 0 20 50 285

7 30 40 80 200Displacemente
9 0 150 200 300

J
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5.0 SELF RAbMING

A synthesis of opinion was reched among the experts through a weighted
overoge procedure based upon self-assigned levels of confidence. In this section

the experts were asked to rate on a scale of one to ten (ten being the highest)

the confidence they had in their responses to the different sections of the
questionnaire: source zone configuration, maximum earthqucke estimates,
earthquoke recurrences, and attenuation.

The following table lists the response of the experts to this question.
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IItw Natr?? Am 4ESTEM 20NE5 SELF RANEING ON A SCALE OF FER0 TO 7tN

i I 4 1 5 I to I 13 I i I e I s I 1 1 17
N"*

2est CONFleuR4fl0N - senzlNise tANTHQunK[ (AufMQUAff NECUNNflEE - ATT[IRiAf tDr8-

*
I Eu semis 7-9-9 8-8-8-8 5-8-8-3 9-10-8-7 3-4-4 3-8-8-9 8-9-9 10-10-10-10 9 5-7-4 8 9-9-9

~

2 w u pe8aI8 7 9-9 8-8 8 8 5-8 8 3 9 10-8-7 3-4-4 3-8-8-9 8 9-9 10-10-10-10 9-8-7-6 8 9-9-9

M M W le8NIO 9-9 9 9-9-9-9 8-9-9

21 te845N
9-8-8-10 8-8-8-9

22 SlANK WPLIFT 8-8-8-10 5-7-7-9

23 ell 551551PPI 9-10-8-7 9-9-9-9 7-8-9 9-8-7-4

10 IMER KENEEllAW 5-6-7 4-8-4-C 5-5-5-3 2-7-6-6 4-4-4 2-7-6-9 F-8-9 4-5-5-10 6-6-4-4 9-10-10-8

II Apula. SMIO 9-6-6 4-8-4-4 5-5-5-3 6-8-8-9 0-4-4 6-8 8-9 9-8-9 7-8-8-10 9-7-7 6 6-7-9-9

30 AfNin. OMIO 8-8-8-9
::
1 18 CENTRAL 51A4LE 7- 6- 5 7-8-8-5 6-5-5-3 9-9-9-9 2-4-4 3-7-6-7 8-8-9 8-8-8-10 9-0-0 6 8-8-10KE.-

O
19 CENTRAL STA8LE 9-6-5 7-8-8-5 6-5-5-3 9-9-9-9 2 4-4 3-7-6-7 8-8-9 8-8-8-10 9.0 0- 6-8-8-10REG.

27 CENTRAL STA8LE 9-6-5 9-8-7 9 7-8-9 8-6 6-6
REG.

28 5. ILLINDIS 8-7-6

29 N. Ill.INDIS 8-R-8-9 6-8-7-10

29 N. ILLINDIS

24 OuACHITA 8-8-8-8 8-7-8-10 5-7-6-6

25 Ntegue RIDGE 9 9-8-9 9-8-8-9 8-9-8-10

26 N. 54AT PLAINS n-8-7-9 7-8-8-10
* The first. second, and third numhers are ttw self rankings of the esperts for tone conf 6% ration.

1maalmum earthquake, and earthquale recurrence, respectively. The fourth entry emuld he the self rankin9 for attenuation- '

i
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APPEM)lX A
SOLICITATION OF EXPERT OPINION

A.I THE EXPERT PANEL

An obvious keystone to any expert opinion solicitation is the selection of the
expert panel. The criteria used for this' project was simple; employ as many as

possible of the best seismologist experts in EUS seismology. Thirteen experts
were contacted and their avoilobility determined. Of these, only ten were able

to complete the questionnaire. These experts, listed by region, were,

Dr. Robert Herrmann

Dr. Otto Nutfli

Dr. Ronald Street

Dr. Gilbert Bollinger

Dr. Edward Chiburis

Dr. Michael Chinnery

Dr. Richard Holt

Dr. Paul Pomeroy

Dr. Nafi ToksBz

Dr. Marc Sbar

A.2 MODES OF JUDGMENT

Modes of judgment are the methods by which people ossess uncertainty. They

use intuitive assessment procedures that are of ten based on cues of limited

reliability and validity. Three common features of these modes of judgement
noted by Spetzler and von Holstein (1975) are:

e Generally people are not aware of the cues their judg- :.;r
ments are based on ;

e Controlling the cues people base their judgments on is
difficult -

e People con be mode owore of biases and make o conscious
attempt to control them

A-l
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It is convenient to divide the modes of judgments into the four categories of
representativeness, availability, odjustment and anchoring, and unstated
assumptions. -

Representativeness is the tendency to assign the probability of an event accord-

ing to the degree of similarity it has with a brooder group of events from which

it is issued. Of ten a simple event is given more weight than it should becausc it

is well defined and considered representative while the whole populatie. carries

more generalized information. The biases resulting from representativeness con

of ten be reduced or eliminated by structuring the problem in more detail
(Spetzler and von Holstein,1975).

Availability refers to how easily occurrences con be brought to mind. For in- |

stance, present or recent occurrences or information that made a strong impres-
sion of the time it was presented are more available than occurrencea from a

long time ago or that did not make a strong impression. One may assess the risk

of heart attack among middle-aged people by recalling such occurrences among

one's acquaintances, and of ten such information will be given more weight than

it should because it is still vivid in one's memory. Such bios can usually be
removed by conditioning the subject and forcing him to broadly survey his
information base beft e storting the scaling.

The first or most available piece of information is often used as a basis for

answering further questions by adjusting the responses according to this base.
Typically the subject's adjustments will be insufficient and lead to o centrol bias.

Such a phenomenon is colled anchoring. Anchoring of ten occurs when the

starting point is given to the subject, or when he is first asked a question which
he considers very important (such as a mean value) and he bases the remainder of

his answers on those. Such biases can be reduced by covering a wide range of
values at the beginning, asking q >estions whose answers are uncorrelated.

|

,
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If there is room for unstated assumptions, the subject will, consciously or not,

restrict himself to particular cases with which he feels more at ease or
implicitly disregard situations that he feels are toc fcr-fetched to need consider-

otion. Therefore his probability distribution does not reflect his total uncer-
tainty. This obstacle can be removed by properly structuring the problem and

making sure that conditional probabilities are explicitly stated.

A.3 BIASES

Bioses are discrepancies between the expert's answers and his real knowledge.

Such discrepancies con take several forms and can be either conscious or un-

conscious.

e Displacement biases consist of a translation of the whole
distribution function either upward or downward but with
no change in the shape.

Variability biases consist of a variation in the shape of thee
distribution function. The bios con result either in a
tighter distribution (central bios) or in a broader distribu-
tion (more uncertainty) than is justified by the expert's
state of knowledge. These discrepancies are often a
mixture of both biases unless the subject consciously
modifies his answers following a well-defined pattern.

) The sources of bias can be divided into two categories-motivational or cogni-

tive--both of which con be either conscious or unconscious.

When obeying to motivational biases, the subject wants toe
influence the decision in his favor by modifying his '

answers. For example, he might reduce the uncertainty
beyond what his knowledge would allow him because he
feels that on expert in his position is expected to talk

,

about this subject with a high level of confidence, in
other cases, on expert might wont to brooden the uncer-
tainty to influence the decision one way or another,

Cognitive biases are systematic adjustments introducedo
by the way the expert formulates his judgment. For
example, one expert may give more weight to the lost
piece of information he has acquired simply because it is
fresher in his mind.

I
t
|
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' A.4 SCALING TECHNIQUES

The goal of the encoding session is to obtain on occurate representation of the,

experts' judgment on a well-defined, uncertain parameter. This judgment will be
sought not only on the 'imost probable value" or on the expected value of the
distribution, but also, wheh possible, on the entire probability distribution.

A judgmental probability distribution is encoded in a session between the expert
whose judgment is being encoded, and on analyst who conducts the interview. In

the present case we recommend that a questionnaire be sent out to each expert
g and be followed up by a personal interview during which additional questioning

will resolve inconsistencies and other problems.

It is convenient to divide the different stages of scaling sessions into three steps.

Pre-conditioning - the expert is conditioned to thinke

fundamentally about his judgment and to avoid cognitive
]biases !

!
Scaling - the judgment is quantified in probabilistic termse

Verifying - the responses obtained in the scaling aree
checked for consistency

The purpose of pre-conditioning is to pinpoint biases that might surface during I

the scaling and to force the subject to think of how he makes his judgment. This
step will reveal what information seems to be most availabic, what anchors are
being used and what assumptions are being made.

It is during the scaling session that the subjective probability associated with the

quantities of interest are obtained from the expert. Scaling methods con be

sorted in different ways since they differ in several aspects, such as in the

properties of the scale (ordinal, interval, ratio), the nature of the response
(direct, indirect), the nature of the uncertain quantity (probability, value, both:
P, V or PV methods), the experimental procedures, etc. Each of these aspects
con be used to clost.ify the scaling methods.

A-4
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For the purpose of this study, we believe it is useful to sort them os follows:

Ordinal Questioning (Indirect or Direct Response Technique)

In the indirect response technique, to be used during interview, the subject is

asked to choose between two or more alternatives. The choices are then

repeatedly odjusted until he feels indiffeant about choosing between them. The
level at which indifference is reached con be translated in terms of probabilities

(P methods) or values of the variable being scaled (V methods), in the case of

the external reference process, one alternative is expressed in terms of the
uncertain quantity and the other in terms of a familiar reference event. When
the external reference is used, it is important that the expert be familiar and at
ease with this external reference. References con be of two types: either a
standard list of events of fixed probabilities or graphic displays such as the
probability wheel or the probability segment. The internal reference process, on

the other hand, uses alternatives defined in terms of the some value scale. For

example, the subject is asked to choose between two possible ranges of values of

the uncertain quantity.

In the direct response technique, the subject is asked to assign a probability

corresponding to o given value (P method) or to assign a value corresponding to o

given probability (V method).

Graphs

By graphing his subjective input, the subject provides both the probability and
value of the uncertain quantity. He graphs this subjective input either by

directly drawing the CDF or by giving a number of pairs of points from which a

curve con be drawn.

Semantic Variables -

This method requires that the scaling be done in two phases. First, the expert
chorocterizes the event in terms of descriptors he is familiar with (such as

"likely," "most probably," " rare," etc.) and then he must encode these descriptors

A-5
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|

|

|

|

in quantitative terms himself. This lost step is necessory because the quantito-
tive meaning of the verbal labels is extremely subjective (Lichtenstein and -

; Newmon, 1967). Although this method may be useful when the quantities of
;

,

|- interest have no ordinal value scale, it is not thought proctical for this project.
'

!
l.

Finally, in the verifying phase of the session, judgments are tested for consis-

tency. Since feedback and cross-checking play on important role in the process
'

interviews are highly recommended to complete the procedure.

i

>
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EXPERT 5

Question 1-1: Commen!

He preferred not to have to deal with zones or provinces at all. "The stress field
in the Eastern ' O. is extremely complex. It is, by its very nature, continuous.

There is, therefore, no unique way to construct discretized ' provinces' or
'zor.us' ' hot have any meaning. All ports of the Eastern U.S. have the potential

to r .a ecrthquakes (though at different rates), and no region con be defined

which is even opproximately homogeneous."

There is "a highly variable and very complex set of stress concentrations
throughout the Eastern U.S. Earthquakes will occur in the vicinity of each stress

concentrator, and their location and rate will depend on the shape and amplitude

of each individual concentrator. The problem con only be studied by statistical

methods."

Question 2-2: Comment

"There is no concrete data that leads to on estimate for the maximum possible

earthquake in any region of the world. There have been ottempts to link the
maximum possible earthquake with rate of seismicity, but I think these are very

unce wincing . . . . The only thing we really con be sure of is that
rates of activity vary very strongly.

"This is not to say that upper bounds do not very from region to region, but in the

obsence of definitive data the only way I con answer this question is to say that

on intensity Xil is possible anywhere."

Questions 2-3 to 2-5: Comments

"Eoch of these questions uses the phrase ' expect to occur,' and I find this very

difficult to interpret. My reason for this is that all the evidence available
suggests that earthquoke occurrence within any region con only be described on a

statistical or probabilistic bosts. . .

B-l 3
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"I can think of several possible interpretations for your phrase 'the largest
earthquake that you expect to occur.' One is the 'forgest conceivable
earthquake.' This is not, I think, the intent of your question, but my answer for
this follows from question 2-2, and is intensity Xil for all regions.

"Ar.other possible interpretation is that you want the size of earthquake that has

a mean return period of 150 (or 1000) years. I con illustrate the problem here
using the data given for region I (New Madrid). Here, using one analysis of the

dato, earthquakes in the intensity range 8.0 to 8.9 have o mean return period of
l

-

about 150 years, and those in the range 9.0 to 9.9 have o mean return period of

about 1000 years. This means that, within an arbitrary 150 year period, the
probability that at least one of the quoted intensity will occur is:

Intensity Probability

7.0-7.9 99 %

)8.0-8.9 63 % '

9.0-9.9 I4%

"These are enough to demonstrate that mean return period by itself is a
meaningless quantity. I do ' expect' (at the 14% probability !evel) that an
earthquake of intensity IX will occur in a period of 150 years, even though its
mean return period is 1000 years.

"This raises another possible interpretation c: the question, in which you want

me to specify the probability level which corresponds to my definition of
' expected to occur.' I have to change this request around, and ask what is on

occeptable error rate. If I said (in the above example) that an intensity Vill was

the largest expected in 150 years, the table shows that I would be wrong in more

than one out of seven cases. If I quoted similar values for 21 regions, larger
values than my estimates should occur in at least 3 cases during any 150 year
interval. I have been forced into o situation where my probability level for each

region depends on the number of regions. This sounds absurd at first sight, yet
this is the nature of the probabilistic approach.

B-2
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"My only alternative is to reduce my expectation of failure to on extremely low
level, soy .001. Using the some dato os above, this would lead to on intensity XI.
If I were to choose .0001, I would have to quote on intensity Xil (all of these
values are based on a very conservative interpretation of the data).

"I have presented these arguments in some detail to explcin i Sy my answer to
question 2-2 precludes me from being able to give any satisfactory answers to

questions 2-3 to 2-8, os stated."

EXPERT 7

Questions 2-4, 2-5: Comment

"The occurrence of a 150 year earthquake near one of the bounds does not bother

me. The 150 year earthquake has about a 28% chance of occurring in a 50 year

| period, or a 50% chance of occurring in a 100 year period. The particular limits
'

| set on the 150 year earthquake magnitude in 2-3 reflect the error associated in

the magnitude estimate. I feel that we have a fairly good feel on this

earthquake.

"The 1000 year earthquake is another story. Presumably we have experienced

that earthquake in New Madrid - Source Zone 23, Charleston - Source Zone 16,

and in the St. Lawrence - Zones 5 and 6. The recurrence of such an event

there would only give o better estimate of magnitude. The occurrence of the

1000 year earthquake elsewhere may define another source zone, especially if it

is large enough to generate on offershock zone. With respect to zones of low
activity, or low 1000 year magnitude, such as Source Zone 26, that earthquake

would provide some food for thought or even a good test of our extrapolation

met hods."

B-3



Questions 2-3, 2-4, 2-5: Comment

"
. . . the rnaximum earthquake is defined as the 1000 year earthquake under a

certain qualification, it is obvious that, as one makes the source zone larger, the
IO00 year earthquake becomes larger due to the increase in the a value of the

recurrence relation. In this case, one should look at the largest event that nas
occurred, e.g., the largest event seems to have occurred at New Madrid,
Charleston, and St. Lawrence. The departure from a linear recurrence relation

is obvious in many source zones, pointing out this feature. Likewise, in
establishing tne 150 year earthquake, the recurrence relation may indicate a

larger magnitude than for the 1,000 year event chosen. A rule of thumb might
be to use the largest event as the 1000 year earthquake, if it is of m 9'* I*'b
than 6.5, or to add 1.0 m unit t the largest event in the 100-150 years."b

Question 2-10: Comment

" Fudge this. Convert magnitude to energy, multiply by two, and go back to
rnagiitude. Thus, New Madrid 1811-1812 was a series of three 7.2 ever,ts, which
would be equivalent to one 7.5 earthquake."

Question 3-6: Comment

"The data are really good for intensity VI to IV. In some cases, it is difficult to

establish even a b-value. In other cases, it is conservative to put the line with
slope defined by the b-value through the largest event data, only.

"In general, the scatter may be within a factor of 1.5 for 97% confidence, at any
intensity level, perhaps log-normal."

Question 3-7: Comment

"In the use of the recurrence curves together with the maximum magnitude
limits, I would say that the maximum magnitude given in 2-2 would have a 0.001

probability, with perhaps a zero probability of the upper limit earthquake

B-4



occurring. E.g., use recurrence relation for mognitudes less than the !000 year

earthquake aid set the probability equal to zero for the upper limit earthquake,
+ 0.2 . This is how I wouldwhich I have in general set equal to m l,000 yr

trmcate the probability curves."

Question 4-12: Comment ,

"Use Bollinger (1977) USGS Prof paper 102d. Gupto and Nuttli,1976 BSSA,743-

751.

0.0 + 10 - 0.0 logl0 R R less than 20 km

3.1 + 10 - 2.46 logl0 R R greater than 20 km

Gupto also gives a form involving a - C R term."

.

1
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