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HEVPRRVRIN: FOR:  James T, Friekt, fgedgtint Nirector ‘or
' Comnonents § Structures Engineerirn, DE

FroN: Pebert E, Jeckseon, Chief
Cecsciences Branch, 0F
SUBJECT: COMIENTS ON CRAFT SEISMIC ANALYSIS RESEARCH PLAK

ke have reviewed the draft plan and have provided directly to D, Guzy,
OPES, a marked up copy for his use., It is our understanding that 2
reior rewrite 1s currentTy underway,

Pur mast substantive comment regarding the plan s that the

"Seismatectonic Program®, 25 attached needs to be substartially updated

to better incorporate our current 2ppreach in cur rew plen for

eddressing the U,S.6.5. clarification reiare1rc‘§he Charlesson

earthauzke, Ve 2lse disagree stroraly with beth £, Thedani (merarpacur,

B, Thedart tc Z, Prezenczy, Febryary 7, 1922) and the ¢raft NPD carmarte
prepared by P, ¥Williams regarding the need for resesrch effort or * By
seismogenic mechanieme, This reserrch offort, nreperly implemented -
will orovide direct useble information {n the shart torr (3. vcers§

which will Pave a strene Influencs nn the devaloprent of seferic hazerd
curves, This informrticn contributes directly to how experts weigh =~
verinys hypotheses ¢7¢ haw credibilities shoauld Ba-acsigned in
erohabilfstic snalvene, The cormort thet this work, "canrot be expected

to visld results rersemadlv relevart to rrauletory needs during the
remaining operzting 1ifetire of rast current gensretior nuclosr planse®

s unfounded, In fact, such ar observeticr would represent & maier

reversal in NRR's previous research requests in this areca, This werk
contributes directly te aur ability tn evaluate whether or not

pretahiligtic corclucinrme pre frtudsivale paneanable ap whethar eareifie
further potions are mecossiry 0% cortatn gites,

Ve 2130 disaaren that the mador burdar for eych work remeing with the
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The I'FT dreft commnrts, ftem d,, infere thot NRR's view 0 ¢he

coigratectorir proorer is that it 1s rot necessary. 1 2r net avere of
thie evar heirg NIN's position, Indeed, this would be incensistent with
evrrrl) Ceoeciencrs Cranch planning and our current Charlesten plan,

whict relies heavily un this work in the next three vears,
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UNITED STATES ‘
NUCLEAR REGULATORY COMMISSION
WASHINGTON, O C. 20886 -

MAR 02 1983 -

MEMORANDUM FOR: Harold R, Denton, Director
Office of Nuclear Reactor Regulation

FROM: Richard H, Vollmer, Director
Division of Engineering
SUBJECT: DIVISION OF ENGINEERING GEOSCIENCE PLAN TO ADDRESS USGS

CLARIFICATION RELATING TO SEISMIC DESIGN EARTHQUAKES IN
THE EASTERN SEABOARD OF THE UNITED STATES

A plan for our proposed program to address the U. S. Geological Survey's . -
clarification of position relating to seismic dcsi?n earthquakes in the
Eastern Seaboard of the United States is attached (enclosure 1), This
plan elaborates on the outline provided as an attachment to a memorandum
entitled, "Clarification of U, S. Geological Survey Position Relating to .
Seismic Design Earthquakes in the Eastern Seaboard cf the United.
States", which was sent from the Executive Director of Qperations to the
Commissioners on November 19, 1982,

’ . . — - P— »
The plan is divided into two parts. Part one is a short term -
probabilistic assessment utilizing an extensive new sefsmic hazard study
currently boin? developed by Lawrence Livermore National Laboratory.
Part two is a Tonger term deterministic assessment based primarily on .
Tong range ORES research with the possible need for utility sponsored
investigations at some locations after an assessment of the long term
research results, Additionally, we recommend that an industry sponsored
seismic hazard study be solicited.

We estimate that the effort to establish the seismic hazard level for
the sites and make appropriate comparisons will take approximately three
years to complete, utilizing staff resources of about 2.5-3.0 SY per
year, and $300K per year in technical assistance funds., Ou~= preliminary
recommendations on which plants, 1f any, may need further evaluation
should be completed in mid-19684, Because of the required research
effort, the deterministic element will not be synthesized until 1986,

The proposed program will complement ongoing PRA reviews and the sefsmic
hazard spectra which are developed can also be used for future SEP
evaluations, This program, therefore, is basically a continuation, with
modification, of our ongoing work, This program does not include
resources to complete a reevaluation effort for plants for which design
spectra may need to be reevaluated., We recommend that this contingency
be considersd and included in the operating plan for FY 84, This plan
also presupposes that our interim position for 11c¢ns1ng reviews
(enclosure 2) 15 fsund to be acceptable by ACRS and ASLE while we
implement this program,

’1
o S

~ \/." f



=2 - MAR 02 1583

There is evidence to support this assumption in the recent Appeal Board
decision on Summer (ALAB-710).

We have also assessed our ability to implement this plan under the
cxistin? regulation, Appendix A to 10 CiR Part 100, We have concluded
that, although Appendix A itself does not explicitly recognize the use
of probabilistic methods, as a minimum they can be used to assist in
reaching deterministic judgements (Seabrook Remand, CLI80-33). It is
not clear whether they can be used as the primary tool in setting
appropriate ground motion levels, Therefore, we recommend that we
implement 2 'imited modification or clarification of Appendix A as
previously planned in conjunction with ORES as a parallel, yet
independent effort, along with the Charleston plan, This modification
has been recommended in SECY-79-300 and endorsed by the Siting Policy
Task Force in NUREG-0625 and {s necessary to reflect the current state
gf art. This modification will require an additional 1.0 SY per year for
years.

We recommend that you consider placing this effort equally under three
resource areas - Operating Reactor Licensing Actions or Safety .
Technology, Systematic Evaluation Program for older operating plants,
and Casework for ongoing OL review plants.

This plan has been developed as a result of extensive discussion &Tthin
the Geosciences Branch, NRR; and discussion: vith the Earth Sciences
Branch, ORES; and the U. S. Geological Survey.

-

(‘:/*'7'{‘/4' e ————

Richard H, Volimer, Director
Division of Engineering

Enclosure:
As stated
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Enclosure 1

Recommended Plan
Eastern U, 5. rarthauakes

Introductior
On November 18, 1982, the U. S. Geological Survey (USGS) forwarded a

letter to the Nuclear Regulatory Commission clarifying their past
position with respect to the 1886 Charleston earthquake. The USGS
letter states that:
"Because the geologic and tectonic features of the Charleston
region are similar to those in other regions of the eastern

seaboard, we conclude that although there is no recent or
historical evidence that other regions have experienced strong

earthquakes, the historical record is not, of itself, sufficient ; o

grounds for ruling out the occurrence in these other regions of
strong sefsmic ground motions similar to those experienced near
Charleston in 1886. Although the probability of strong ground
motion due to an earthquake in any given year at a particular
location in the eastern seaboard may be very low, deterministic and
probabilistic evaluations of the seismic hazard should be made for
individual sites in the eastern seaboard to establish the seismic
engineering parameters for critical facidities.” . pun. -

-

—

We have evaluated the '/SGS clarification of position and have concluded
that it can be addressed predominantly through existing programs.at NRC
with the possibility of additional requests for ut11{ty - sponsored
work, We recommend that a two part program be implemented which will
address both the deterministic and probabilistic elements mentioned by
the USGS.

~Part 1 of the propased program is a short term probabi'istic assessment
of plants in the eastern seaboard. This part of the plan is necessary
because many of the current tectonic working hypotheses are not amenable

to investigation by deterministic methods in the short tprm,



Part 2 of the proposed program is a longer term deterministic assessment
of the causes of large earthquakes, such as the Charleston earthquake,
in the eastern seaboard. Specific areas of relatively high seismicity
and tectonic structures are identified which we recommend be addressed

through the ORES long range research plan.

Based on our evaluation of the research results, some applicants or
1icensees may be required to investigate tectonic structures which may

not have been previously identified during the licensing procedure.

Part 1 - Probabilistic Assessment
—-—— - P. —
.
Discussion
The November 18, 1982 letter from the USGS represents not so much a new
understanding but rather a more explicit recognition of existing
uncertainties with respect to the causative structure and mechanism of
the 1886 Charleston earthquake. Many hypotheses have been proposed as

to the locale in the eastern seaboard of future Charleston-size

earthquakes., Some of these could be very restrictive in location while

——— —

others would allow this earthquake to recur over very large areas.

Presently, none of these hypotheses are definitive and all contain a

strong element of speculation,

Traditional deterministic approaches such as that outlined in Section

2.5.2 of the Standard Review Plan are not generally designed to dea)



with this situation. Probabilistic methods which allow for the

consideration of many hypotheses, their associated credibilities, and

the explicit incorporation of uncertainty are much better equipped to

provide rational frameworks for decision making. The guestion that
needs to be answered fis:

Taking uncertainties into account, have licensing decisions for
plants in the eastern seaboard (i.e., in the region affccted by the
USGS clarified position on the Charleston Earthquake) resulted in
acceptable levels of assumed seismic hazard (exposure to earthquake
ground motion) at the individual sites?
One means for answering the above quost1qn is a probabilistic assessment .

of sefsmic hazard at all nuclear power plant sites east of the Rocky

-, . - P—.
Mountains. Since adequate or acceptable levels of seismic hazard Mave

not been explicitly defined in probabilistic terms, it is assumed that
the probability of sefsmic ground motion exceeding design 1¢ve1s- )
fmplicitly associated with licensing decisions based upon traditional
methods in other regions of the U, S. east of the Rocky Mountains is
adequate; these other regions include areas such as the Central Stable
kegion and the Gulf Coastal Plain, The prime tool for carrying out this

assessment s an updated version of the Uniform Hazard Methodology

developed for the Systematic Evaluation Program by Lawrence L{vermore
National Laboratory (LLNL) and its subconiractor TERA Corporation, This
methodclogy relies upon the incorporation of diverse expert opinfon with
regard to the input parameters needed to make probabilistic estimates.
As such, it does not rely upon single hypotheses which dc not account

for existing uncertainties bdut rather attempts to incorporate the



hypotheses and their uncertainties into the computations.
Identification of plants (if any) in the eastern seaboard at which the
probability of exceeding design-level ground motion is significantly
greater than has been assumed at other locations may result in an
integrated seismic evaluation and/or engineering reanalysis to assure
the plant's ability to withstand a more severe earthquake. This study
may also identify selected plants outside of the sastern seaboard whose
design levels may be inappropriate, relative to other plants, with

respect to the seismic hazard,

In addition, we are also initiating, through a technical assistance
contract, a study to better estimate ground motion from a large
—— P -

earthquake the size of the 1886 Charleston event to gain a better —_

understanding of how this ground motion should be represented.

Major Activities - Probabilistic Assessment

The probabilistic assessment portion of the proposed program is divided

into the following elements.

G
L. January thrsjéiiai 1983 - Continue development of LLNL study
including expert opinion surveys on seismic hazard east of the
Rocky Mountains, This study (Seismic Hazard Characterization of the

Eastern U.S5.) 1s presently underway as a joint effort of NRR and



ORES. No additional resources above those already allocated are
needed.
98 Moy |98Y

2. - Calculation of seismic hazard
spectra by LLNL for all nuclear power plant sites (approximately
75) east of the Rocky Mountains. An estimation of the probability
of seismic ground motion exceeding the design level at each site,
taking into account specific site corditions, will be completed and
provided as a report. An additional 2.0 SY is needed for LLNL and
0.3 SY for NRC effort during this period.

May 192y ~ Dec /4'15

&.‘M - Comparison of LLNL study with
existing probabilistic studies such as Algermicsen and others

(1982). An additional 0.2 SY is needed for LLNL effort.

ad ','3 - » e T —
4, Merch—198% - December 1 - Sponsor:hip by the utilities ¥f-a

probabilistic estimation of seismic hazard for all nuclear power

plants east of the Rocky Mountains. This study,-while not a
requirement, is strongly recommended so as to compiement the LLNL
study and provide another independent assessment of seismic hazard.

An additional 0.1 SY needed for LLNL and 0.1 SY for NRC effort.
 Maw (424 - Lor1a06
- Using LLNL and other studies, the NRC
Dec by
staff will integrate this information and make comparisuns of the

T probability of seismic ground motion exceeding design levels in the
eastern seaboard with probabilities calculated at plants in the
rest of the Eastern and Central U, S. Comparisons will be made in
several ways including comparison by region alone and by region and
plant vintage. Plants in the eastern seaboard (if any) that are

associated with significantly greater hazard than those elsewhere
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will then be identified. Other comparisons may be needed, but will
be decided upon after review of initial results, An additional 0.7
2 %:.::tdvfor t:fce. 'r:f:g (max 50 (nde early (4PS plypumciin ;W

- Assessment of initial conclusions EPRI
regarding hazard in light of feedback from expert opinion on M’””
original input. A final letter report will be issued with a final
recommendation on plants which need reevaluation. An additional 0.2
SY needed for LLNL and 0.2 SY for NRC effort.
7. January 1983-December 1983 - Ground motion estimates at
different distances and site conditions from a large Charleston
type earthquake. Both theoretical and empirical estimates using ~ -
data from recent earthquakes will be made. This study is presently
being 1nit1ated'through a‘t;chnicai assi;;;;ce contract witﬁ.fE;:% )

No additional resources are required.

——

Status summary reports of research into probabilistic estimates of
seismic hazard funded by ORES will be needed by December 1983 so as to

incorporate them into task number 5.

Implementation of Probabilistic Assessment Results

The implementation of results is out)lined above in elements & and 6.

NRR Staff and Cost Requirements - Probabilistic Assessment

The additional effort required for this portion of the program will be

2.5 SY for LLNL( 1.9 in FY 83, ’0 6 in FY 84) and 1.3 SY for MRC (0.3 in

FY 83, 1.0 in FY 84), This staff effort can be accommodated with the

currently available resources in the Geosciences Branch because this

S(ﬁﬁﬂC Hﬁtaux Charec. J30K PYPﬁ
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program complements ongoing staff activities and may replace other staff
activities for individual sites. This proaram does not include
resources to complete the seismic evaluation and/or engineering
reanalysis which some plants may require as a result of the

probabilistic elements.

Utility-Sponsored Study in Conjunction with the Probabilistic Assessment

A recommended utility-sponsored study is outlined above in element 4,

Schedule - Probabilistic Assessment

The proposed schedule for implementing this plan appears in Table 1.

Part 2 - Deterministic Assessment

Discussion | oL . v, =
The deterministic portion of the proposed program is designed to better
understand the causes of large earthquakes, such as the Char1est$;'
earthquake, in the eastern seaboard. This effort may require some
expansion of immediate and long term ORES programs. Increased
understanding of the cause of seismicity in the eastern seaboard will
allow a reduction in the uncertainty in estimating the seismic hazard

for nuclear power plants, The primary problem with seismic hazard

charaétir{iltion ;; the ei§icrn selbo;;d is that no cadsat1v§—a;2hanism
for seismicity has been identified to date and no surface offsets due to
earthquakes are known, Although there are literally thousands of
crustal structures known in the eastern seaboard, which, if they were
active, could produce strong earthquakes, none have been demonstrated to

have been active during the Quaternary (the last two million years) or



proved to be capable. The result is that, to date, there has been no
generally accepted association between eastern seismicity and crustal
structure,

The overall approach of the deterministic assessment is to study areas
of relatively higher seismicity in the eastern seaboard to determine if
tectonic features and processes responsibl: for the seismicity can be
identified and correlated. This will be pursued by crustal studies at
hypocentral depths to determine if there is any correlation between
crustz  structures at hypocentral depths and the earthquake hypocenters.
The primary tool for determining crustal structure at hypocentral depths
will be the use of multi-channel seismic reflection profiles. The -
primary tools for locating the hypocenters will be the continued
monitoring and ana1y¥1s of ecrihduakes.from Q;:-ex1st1ng microea;té;;;ke 1
nets., These nets will have to be maintained and upgraded in order to
improve depth locations of hypocenters if there is to be an 1mpr;§;5
ability to correlate between hypocenters and tectonic structures at
depths of up to 25 kilometers.

This research will be contracted and monitored by ORES, and does not
represent a radical departure from past programs. Increased

coordination between NRR and OR:ZS will be required, however, to better

def1ﬁ;'thé ﬁrob1e;; that are to be resolved in order to improve our
understanding of eastern seismicity in the licensing context. This
portion of the program is designed to improve our ability to assess the
adequacy of the design of nuclear facilities on the eastern seaboard,
The result, in part, will be summary reports which will represent the

current status of research including a review and synthesis of available



data. These results will be used to modify, if necessary, conclusions
drawn from the probabilistic studies and identify individual features,

if appropriate, for assessment by utilities.

Major Activities - Deterministic Assessment

The deterministic assessment portion of the proposed program is divided
into the following elements appropriate to each region listed.

A. Charleston Region

Since the causative mechanism of the Charleston earthquake of 1886
continues to be one of the primary unresolved problems in evaluating
seismicity in the eastern seaboard, research in the Charleston area ~
should continue with the goal of testing the various hypotheses as to
the cause of the éééthquake. Iﬁwpartiéu1ar,-;;Bhasis should be }1%2;&
on determining if suggested features such as the Ashley River and
Woodstock Fault zones constitute the source zones of-the Charleston
earthquakes.

(}91‘3\55“59 1. May 1983 - “"Workshop on the 1886 Charleston Earthquake and Its

Implications for Today" - the U. S. Geological Survey and the

scientific community will present a summary and evaluation of

- —

the tectonics and seismicity at Char)eston.
T Bl'iflﬂéeptember 1983 - ORES in consultation with the U. S. Geological
Survey and the scientific community should have a program in
'JD.R"Q Gwir place to test the most likely tectonic hypothesis for
seismicity.

v
yqrﬁn,-“$ 3. June 1984 - ORES presents the results of the program
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of testing the highest-weighted hypothesis.

s ““1/ 4. January 1985 - ORES presents summary report describing the
er results of the Charleston work testing the highest-weighted
tectonic hypothesis.
B. Ramapoc Fault Zone
The Ramapo Fault Zone, a Precambrian fault zone that was intermittently
active until the Mesozoic, is the northwestern boundary of the Newark
Triassic Basin. Low level seismicity occurs in the area and may be
associated with the fault zone, however, the seismicity in the region
forms a band 40 kilometers wide. Detailed field work and limited
trenching and core drilling suggest that the Ramapo Fault has not been
recently reactivated. The purpose of studying the fault is to establish
whether there is a-caﬁsal re1afi6h§hip Setwee;_;;sozo1c or older ;as;;;
such as the Ramapo Fault and current seismicity in this area by
determining the 1ocat16n and geometry of these faults-at hypocent;a;
depths.
g ) [ 1. April 1983 - CRES initiates a new evaluation of the Ramapo
w"\& Fault. The study should include multi-channel seismic
: reflection profiling and other geophysical techniques such as
in-situ stress measurements and geodetic measurements to
™ " determine the current state of stress at hypocentral depths.
v;f“’ 2. January 1984 - QORES presents preliminary results of t e program
QM'S""GL;U/ to date, and plans for the coming year.
poe ‘“if’B. January 1985 - ORES presents summary report on this aspect of
ehﬁrkf;‘w the Remapo Fault Study including the identification and

analysis of any seismic source zones.
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C. Central Virginia Seismic Zone

Recent work by earth scientists at Virginia Polytechnic Institute have
suggested that there may be a relationship between the seismicity in
Central Virginia and the northeast trending thrust faults and
decollement of the Piedmont crust of the Appalachian Orogenic Belt. The
purpose of this part of the program is to continue evaluation of the

relationship between the faults and the earthquakes.

,J pL/,UL/' 1. April 1983 - ORES presents a plan for undertaking the seismic

reflection profiling, and applying other geophysical techniques
such as gecdetic measurements and in-situ stress measurements.

January 1984 - ORES presents the preliminary results or

ot S - -
%‘/ S

progress to date, and p1ars for the coming year.

s 3. January 1985 - ORES presents a summary report on the
W . ¥ . ~ ¥
%Mé%t - the Central Virginia Study including the potential

identification and analysis of any seismic source zones.

D. Giles County, Virginia

The Giles County Seismic Zone is a northeast trending linear zone of

seismicity which apparently is located beneath the decollement and

‘thrust faults associated with the Valley & Ridge Province of the

o —

AppaIachian Orogenic Belt. It has been suggested that the seismic zone

has occurred as a reactivated northeast trending normal fault associated
with the opening of the Proto-Atlantic (called the lapatus) in the late

Proterozoic and early Paleozoic (800-500 million years ago).

1. April 1983 - QRES initiates planning for the proposed research.
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2. August 1983 - ORES initiates study of the Giles Count
w On B M ' '
30
o L

structure using seismic r:flection profiling.

1 .J;‘o"( 3. April 1984 - ORES presents preliminary results and plans for

the coming year.
4, April 1985 - ORES presents summary results of this phase of the

research including the potential identification and analysis of

any seismic source zones.
E. New England -
The research in New England has been underway for several years and will -
be continued. Increased emphasis should be placed on evaluation of the
source mechanism for the New Brunswick and Gaza, N.H. earthquakes, the
neotectonics of seismically active areas, and the orientation and
magnitude of the stress field iﬁ'the sQismic;;;} active areas o; é;;::
region. An in-situ stress measurement at hypocentral depths will be
conducted at Moodus. Depending on the results of the seismic reé};;tion
studies described above, additional seismic reflection surveys may be
conducted in seismically active areas of New England such as Moodus,

Connecticut; New Hampshire; Massena, New York and New Brunswick, Canada.

?Q % 1. April 1983 - ORES completes plans for stress measurement at
- ; P " Moodus. iy : i S

guit
wit??
t/“ August 1983 - Conduct stress measurements at Moodus.
g\:{"s‘#gﬁp 3. April 1984 - ORES presents preliminary results of stress
c“}ﬁ*‘b measurements and their relationship to the local seismicity and
al/
o tectonics.

C’)’*" 4, January 1985 . ORES presents summary results of stress

measurements and other studies described above.
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Implementation of Deterministic Assessment Results

As the results from the deterministic studies become available, they
will be evaluated, and, the effect, if any, on operating plants and
plants in the Operating License stage of review will be determined. The
need for additional evaluati:ss of particular structures by utilities
will be assessed as the information becomes available. Two problems vill
be addressed by the deterministic portion of the program; (1) whether or
not the deterministic findings warrant any reassessment of the
conclusions drawn from the probabilistic studv; and (2) whether there
are any particular tectonic structures which are associated with or
similar to tectonic structures associated with seismicity which, because
of their proximity to individual sites, should be analyzed by the
utilities. The aSové effort w#l%ytake.about :;; to three years Zes;;§' 5
1985) to complete. The impact of this research on nuclear power plants
will be determined by the NRC staff with technical assistance c;ﬁ;racts,

if necessary.

NRR Staff and Cost Requirements - Deterministic Assessment

This effort will require continuous cocmmunication among NRR, ORES and
‘the contractors. As research funds are limited and the amount of time

~is short, careful interaction will be necessary to obtain the

information requ;}ed to allow a resolution of eastern'seism?zgz}. It is
estimated that one staff year per year for three years will be necessary
for NRR to implement this deterministic part of the overall plan.

The research effort will be funded by ORES and technical assistance

contracts will be funded by NRR. It is estimated that for the
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deterministic assessment, $200,000 may be required to implement the NRR
technical assistance program to determine the impacts of the findings on
the nuclear facilities in the eastern U. S.

Utility-Sponsored Studies as Result of the Deterministic Asessment

During FY 1983 no deterministic work by the utilities is currently
recommended, beyond that necessary to pursue their normal efforts to
continue to assess any hazards identified by them for their sites.

After the results of the research are available and if any source zones
are identified which have particuiar importance to specific sites or
have impact on the probabilistic prugram, some utilities may be required

to investigate structures in the vicinity of their plants.

Schedule - Deterministic Assessment

. Myo . — T —
The proposed schedule for implementing this plan follows as Table 1. ~—

Our ability to meet this proposed schedule may be somewhat optimistic

and is contingent on implementing the appropriate contracts. We will be

better able to assess this schedule when the work has been initiated.

———— . ———
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Calenddr Year Schedule for Probabiilstic and Deterministic Seismic Hazard Program

Part 1 Short Term

. Update LLNL Seismic

Hazard Methodology
}
Calculate Seismic
Hazard Spectra fo
Eastern Sites

. Compare with other

available probability
studies

. Initiation of Ind&stry-

Sponsored Seismic)Hazard
Study ,

. Comparison of Seifmic

Hazard at Sites |

. Assessment of Impact of

Expert Feedback

. Charleston Ground|Motion

Study

1983

Meet with ACRS to
discuss Program

+Complete Methodology

1984 1985

Meet with ACRS to
to discuss Preliminary
kecommendations

+Report with Spectra

+Report with Comparisons

+Production of Study Results

Initiate Tac with LLNL
4+

Letter Report with
Preliminary Recommendations
+ + +Final Recommendations

Initate Feedback Assess Impact on
+ +Previous Results

+1ssue Report




Calendar Year

hedule for Protlabilistic and Deterministic Seismic Hazard Program

Part 2 Long Term

. Charleston Research

. Ramapo Fault Research

. Central Va, Research

. Giles County, Va.

Research

. New England
Seismotectonic Research

Assessment of Impact of

Peterministic Studies
on Sites

1983 1984 1985
Meet with ACRS to Meet with ACRS to '
discuss Program to discuss Preliminary
Recommendat ions
Workshop-
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Enclosure 2 --

Interim Position on Charleston Earthquake
or Licensing Proceeding

The NRR Staff position with respect to the Intensity X 1886 Char eston -
earthquake has been that, in the context of the tectonic province

lbproach used for licensing nuclear power plants, this earthquake should

be restricted to the Charleston vicinity. This position was based, in

part, on information provided by the United States Geological Survey

(USGS) in a letter dated December 30, 1980 from J. E. Devine to R. E.

Jackson (see Summer Safety Evaluation Report). The USGS has been

reassessing its position and issued a clarification on November 18, 1982
in a letter from J. E. Devine to R, E. Jackson. As a result of this

letter, a preliminary evaluation and outline for NRC action was

forwarded to the Commission in a memorandum from W. J. Dircks on

November 19, 1982. - ¢ % . -_— T p—
o —

The USGS letter states that:

"Because the geologic and tectonic features of the Charleston-
region are similar to those in other regions of-the easte'n
seaboard, we conclude that although there is no recent or
historical evidence that other regions have experienced strong
earthquakes, the historical record is not, of itself, sufficient
grounds for ruling out the ~ccurrence in these other regions of
strong seismic ground motions similar to those experienced near
Charleston in 1886, Although the probability of strong ground
motion due to an earthquake in any given year at a particular
location in the eastern seaboard may be very low, deterministic and
probabilistic evaluations of the seismic hazard should be made for
individual sites in the eastern seaboard to establish the seismic
engineering pacameters for critical facilities * .

The USGS clarification represents not so much a new understanding but
rather a2 more explicit recognition of existing uncertainties with
respect to the causative structure and mechanism of the 1886 Charleston
earthquake. Many hypotheses have been proposed as %o the locale in the

eastern seaboard of future Charleston-size earthquakes, Some of these
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could be very restrictive in location while others would allow this
earthquake to recur over very large areas. Presently, rone of these
hypotheses are definitive and all contain a strong element of
speculation,

We are addressing this uncertainty in both longer-term deterministic and
shorter-term probabilistic programs. The deterministic studies, funded
primarily by the Office of Research of the NRC should reduce the
uncertainty by better identifying (1) the causal mechanism of the
Charleston earthquake and (2) the potential for the occurrence of large
earthquakes throughout the eastern seaboard. The probabilistic studies,
primarily that being conducted for NRC by Lawrence Livermore National’
Laboratory (LLNL) will take into account existing uncertainties. They
will have as their §1.m to dctu"m;m d1f‘ferenc:s-. if any, between ’th'::-
probabilities of seismic ground motion exceeding design levels in the
eastern sezboard (i.e. as affected by the USGS clarified pos1t10n-6; the
Charleston earthquake) and the probabilities of seismic ground motion
exceeding design levels elsewhere in the central and eastern U. S.

Any plants where the probabilities of exceeding design level ground
motions are significantly higher than those calculated for other plants

in the Central and Eastern U. S. will be identified and evaluated for

-

poss1b1i further £;g1neer1n§ analysis:"'_-
Given the speculative nature of the hypotheses with respect to the
recurrence of large Charleston-type earthquakes as a result of our
Timited scientific knowledge and the generalized low probability

associated with such events, we do not see a need for any action for



specific sites at this time. It is our position, as it has been in the
past, that facilities should be designed to withstand the recurrenrce of
an earthquake the size of the 1886 earthquake in the vicinity of
Charleston. At the conclusion of the shorter-term probabilistic program
and during the longer-term deterministic studies, we will be assessing

the need for a modified position with respect to specific sites.




§ T g

FyZ

- SAINT LOUIS UNIVERSITY 134
DEPARTMENT OF EARTH AND ATMOSPHERIC SCIENCES

31507 LACLEDE AvENUE
SAINT LOUIS, MISSOUR 83103

March 7,.1983

The Hombrable Doug Walgren
Chairman, Subcommitte on N -
Science, Research and Technology
U.S. House of Representatives
2321 RKayburn House Office Building
Washingten, D.C. 20515

Dear Congressman Walgren:

Enclosed please find 75 copies of my testimony

MAILING AQDRESS:
.0, 00X 0099 « LACLEDE STAT ION
SAINT LOUIS, MISSQURI 3186

to be given on

March 15 at the authorizations hearings of your Subcommittee on

the National Earthquakes Hazard Reduction Program.

At your request

1 have focused my statement ou the earthquake problem in the
eastern United States. Also enclosed are 20 copies of a brief

biographical sketch.

Sincerely yours,

Thank you for inviting me to appear before your Subcommittee.

Qrt. w Nabe

Otto W. Nuttld

Professor of Geophysics

OWN:leh
Enc.
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MARCH 12, 1981




Mr. Chairman, I am pleased to appear before the House Subcommittee
on Science, Research and Technology and to discuss, at your request, the
current activities of the National Earthquake Hazards Reduction Prograz
23 it relates to earthquake prbbl-s in the eastern United States,

- INTRCDUCTION

-

There are two principal points I wish to make in this testimeny,
The first is that nrthqulk; hazard 1.; the United States is mot res-
tricted to the West, but also exists in varying degrees, in almost every
state of the nation. The second point is that work accomplished under
the Hazard Recuction Program has produced a number of significant accome
plishments. |
EARTHQUAKE BAZARD IN THE EAST

Earthquakes do not occur regularly in tin. After great earthe
_qulkol. um; i3 a period of relative quiet until the ever-acting gep-
logical forces are able to produce sufficient strain to cause more large
earthquakes. The twentieth century has been such an inte~lude for
catastrophic seismic activity in the eastern states., Therefore, bdecause
there have bDeen no major eastern earthquakes in the memory of most of
the pecple, the general populace is insufficiently informed about the
earthquake hazard east of the Rockies, Recently we have had several
small reminders of this threat in the form of moderately damaging earthe
Quakes in New Brunswick, Canada and New Hampshire in January 1582, and
of a 1980 Kentucky earthquake that was felt in fifteen states and in
Canada and that caused several million dollars of property damage in

Kentucky and Qhio.

In historical times structurally damaging earthquakes occurred in
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Alabama, Arkansas, Comnecticut, Delaware, Illinois, Indiana, Ransas,

Kentucky, Maine, Massachusetts, South Carolina, Tennessse, Texas and
Virginia, For some of them, damage was also experienced :in neighboring

states, such as Georgia, Mississippi and Nerth Carolina.

Fortunately, the great eastern earthquakes occurred bltefore the
country was densely populated, and before the appearance of high-rise
structures and the d.volopun-t of a aop;uucaud and vulnerable technoe
logical society. The 1886 Charleston, SC earthquake, of magnitude 7.5 ’
killed 110 people. If it had happened 100 years later, the loss of life
would have been at least ten times, and conceivably one hundred uui.
greater, Even more dramatic were the three greal New Madrid earthquakes
4o the winter of 1811-1812, with epicenters in Arkansas asd Missouri 4nd
magnitudes of 8.3, 8.6 and 8.7. Ground saakiu! caused by them was felt
in all of the United States east of the loelu;, and perhaps farther to
the west, Damage extended over most of the area consisting of t;:o
states of Missouri, Arkansas, Mississippi, Keatucky, Tennessee, Illi-
nois, Indiana and Ohio, Other large nineteenth century eartiquakes
occurred in eastern Arkansas in 1843, in Charleston, Missouri in 1808

and in Giles County, Virginia in 1897,

From our studies of the New Madrid fault we know that enough energy
i3 stored up along it o produce a magnitude 7.5 earthquake right now,
This would cause damage over an area of 200,000 square miles, However,
we are not yet able to predict when the next large earthguake will
occur, The longer the time that olapaqa, the larger the earthquaxe will
be, For the rest of the eastern United States we cannot be so specific

about the seisimic potential., Further data accumulation and research
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are needed to provide us this information.

SOME ACCOMPLISHMENTS FOR THE BENEFIT
OF THE EAST OF THE NATIONAL HAZARDS REDUCTION PROGRAM

The National Science Foundaticn, the U.S. Geological Survey, the
l‘odoni Ezergency Management Agency and the U.S, Nuclear Regulatory Come
missioh are the principal federal agencies that engage in earthquake-
related activities in the eastern United States, Other izportant partie-
eipants are state and local agencies, universities, private industry,

and non-profit organizations such as the Azmerican Red Cross.

Significant accompli-hments under the National Earthquake Hazards

Reduction Prograz span the whole range of (od.a of earthquake hazard

mitigation. I shall limit my examples to those with which I have pere

sonal experience, and they will reflect my background as a seismologist. .

On the scientific level we are making progress in our ability te
define the boundaries of the malor earthquake source zones, to determine
the frequency of occurrence of earthquakes within those zones, and to
estima®. [he largest earthquake that each area is capable of producing.
We also are acquiring quantitative information about the attenuation of
high frequency seismic waves that produce. damaging ground .snu:n‘.
These «kinds of iaformation are needed %0 calculate the expected amount
of ground shaking at any selected site, which in turn is needed for the
design of earthquake-resistant structures, All of the seismic informa-
tion comes fr-~ the continued cperation of seissograph networks, fros
regicnal geological and geophysical studies, and from [fundamental
seismological research on the physics of the rupture process, the

transmission of wave energy, and the geological structure of the Earth's
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erust, The problezs to be solved are especially difficult because
eastern earthquakes, in general, do not rupture the Earth's surface (the
faults can't be seen), the earthquakes occur relatvely infrequently, aad
the association between geoclogical processes and earthquake occurrence
is not as well kx;own or undorstood-u it i3 in the West, Therefore a
'.on‘-url. ressarch effort is required for a A.bot.tor understanding of the
seismicity and tectonics of the fast, which “comprise the zost fundamene

tal kinds of earthquake informatiocn.

In the past few years earthquakes in Arkansas, Kentucky, Missouri,
New Brunswick, New BHampsiire and South Carolina provided the first
eastern strong ground-motion recordsa, These kinds of data are essential
to the engineers who design structures., Also seismologists use thea o
compare actual observations with those predicted ;'ro- theoretical stu-
dies, to check raeir theory, and to determine simiTarities and differ-
enles with western earthquakes, Until now n‘;mcn have relied upon
modified western data in designing seismice-resistant structures for the
Fast, even though there is uncertainty as to how the data should Dde

modified,

Strong ground-motion data still are lacking for large magnitude
eastern earthquakes, Continued ocperation of strong ground-motion
instruments in the East is needed to cbtaiz these data., Along with
this, fundamental studies of earthquake source physics and of wave proe
pagation will emable us to better "scale up" sotions frem szall %o large

earthquakes, to speed the acquisition of this essential infermation,

From personal experience I know that the results of the afcoremen-

tioned studies already are Dbdeing used Dby engineers in the design of



ouclear power facilities and reprocessing plants, large dams and
selected high-rise structures, It is gratifying that this NEHRP-derived
knowledge is being used so immediately to reduce earthquake risk in the
eastern United States, In some cases ths is being dene only because of
roquin.cnu-or federal Ncula.tory agencies, or because of the initia-
tive of individual engineers and u-c!n‘toc:a who are responsible for the
du;‘n of high-rise and/or é&ritical structures, In general, there are
0o seismic building code requiresents in most of the eastern United

States, However, progress is being made along thess lines alse,

The U.S. Geological Survey and the Federal Ezergency Management
Agency bave taken the lead in bdringing the earthquake hazard problem to
the attention of state and local officials, structural engineers, and
agencies responsible for building codes, l;uﬂ-un planning, and for
engineering response to disasters, \lon-t.nudod conferences u%d

workshops on these topics include:

Knoxville, Tennessee workshop in September 1981, “Preparing for and
Responding to a Damaging Ear*hquake in the Eastern United States.”

Saint Louis, Missouri workshop iz May 1982, "Continuing Actions %o
Reduce Losses from Earthquakes in the Mississippi Valley Area."

Charleston, South Carolina conference in May 1682,

Three additional workshops are to be held in 1983 in Charlesten,
South Carolina, Boston, Massachusetts, and Little Rock, Arkansas. These
conferences are organized by the U.5. Geological Survey, with suppor:
shared by the Federal Emergency Management Agenuy, the National Science
Foundation and “he 0.5, Nuclear Regulatory Commission. The pudlished
proceedings of these conferences are widely distributed and have

received attention not only from technical pecople and state and local
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officials, but also from the press, TV and radio, imsurance underwriter

organizations, school officials, and other grcups of concerned citizens,

Because of these activities carried out under the NEERP, the eastern

earthquake hazard problem is beginning to get the attention of the pube

lic and of government officials responsible for mitigating earthqu.ke
effects or of responding to earthquake disaster, This educatiocnal pro=-
cess guch be long-term and continuous if nature, 4f it is to achieve the

desired goals.

At the state level, I am aware of some kind of governmental action
regarding earthquakes in Kentucky, Massachusetts, Missouri, New York and
Teanessee. There may be more, of which I am unaware, At the local
level my experience is limited to metropolitan St, Louis., At presest
there i3 an Ad-Hoc Committee on Seismic Risk c;r the St, Lcua. Secticn of
the American Society of Civil Engineers, and a continuing concera of St,
Louis County Civil Defense for educating school childrea for .r;
bebavior during an earthquake, and also for planning their response to

earthquake-caused emergencies,

I have attempted to cover the range of NEHRP-related activities in
the East, There is cne final point I wish to make. It concerns the need
to continue the research efforts, The gzembers of the House Subcozaittee
on Science, Research and Technology are well aware of the izherent
values of research, 30 there is no need for me to spell them out 2 you.
But with regard to the Nationmal Earthquake Hazard Reduction Prograz,
there is a cost-effective reason which may not be obvious, Critical
facilities are designed to withstand the worst likely earthquake,

Because our knowledge is incomplete, this can result in overdesign. As
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we bDetter understand the eartiquake hazard through the resez-:h effors,
we will find that for certain parts of the country, at least, Lhe worst
likely earthquake hazard will be less than is presently assuzed, This
will allow for a less o@ostly.. but eqially safe, design of the struce
tures. The -upoct.od savings in conat:.uc:ion costs can conceivably de
ordgn of magnitude larger than the entire cost of the NEERP, In addi-
tion, more precisicn and detail iz -paiu earthquake hizard will make
it easier to get local communities to adopt efffective ouilding codes,

for the additional construction costs will not be sc burdensome.

I trust, Mr, Chairsan, that my testimeny will provide you and the
nembers of the Committee on Science and Techmology with a fuller
knowledge of the aitions, resulting from r.ao.mm. that have Ddeen afd
are Deing taken to mitigate earthquake buar? in the East, and of tze

need for contimuing efforts in all aspects of the Prograsz.



