- UNITED STATES OF AMERICA 9.1
NUCLEAR REGULATORY COMMISSION Y/

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of ;
GEORGIA POWER CO. ) Docket Nos. 50-424
et al. ) 50-425
) (oL)
(Vogtle Electric Generating Plant, 3
Units 1 and 2)

NRC STAFF RESPONSE TO
LICENSING BOARD LETTER OF JULY 12, 1384

In a letter to Staff counsel dated July 12, 1984, the Chairman of
the Licensing Board asked the Staff to provide additional information
concerning Joint Contention 5 which challenges the Vogtle facility's
seismic design. The Staff herein responds to the Board Chairman's
letter.

The Staff took the position in its earlier responses to
Contention 5 (both at the prehearing and in our written response of
May 14, 1984) that Intervenors had provided no substantial new
information upon which to litigate a seismic contention. The Staff
continues to believe that there is little information provided in the
basis of Contention 5; almost all of the discussion there centers around
a description of the Charleston earthquake rather than of the ceismic
design of the plant.

However, Staff counsel has learned that the Staff is in the process

of reassessing the seismic design of many nuclear facilities, including
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Plant Vogtle. Attached to this response are two memos describing the
nature of the Staff's current efforts in this area. In particular, the
Staff 1sip;rforming both a deterministic and a probabilistic study to
determine whether the seismic design of Vogtle is adequate given the
uncertainty of the location of the Charleston earthquake.

The Staff will discuss these studies and their impact on the design
of Plant Vogtle in the Vogtle SER which is scheduled to be released in
June of 1985. At the present time, the Staff still believes there is
little reason to admit Contention 5 based on the information provided
therein. The Staff suggests that ruling on this contention be deferred
until the issuance of the Staff SER. If at that time Intervenors are
dissatisfied with the results of the Staff's analysis, they should be
given a reasonable amount of time to supply some factual support for
their position.l/ At that point, the Board would then be able to
determine whether there are factual matters in dispute which are
susceptible to litigation.

Respectfully submitted,

S

éy‘/ %ﬁ, /ZN,~
Robert G. Perlis
Counsel for NRC Staff

Dated at Bethesda, Maryland
this 23rd day of July, 1984

1/ If Intervenors do attempt to challenge the information contained in
the SER, the other parties should be granted the opportunity to
respond. Any such challenge filed at that time should be based on
information contained in the SER and not on information currently

available. See Duke Power Compan (Catawba Station, Units 1
and 2), CLI-83-19,717 NRC 1041, 1548 (1983).
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——

The Commissioners
Executive Director for Operations

CLARIFICATION OF U. S. GEOLOGICAL SURVEY POSITION RELATING
TO SEISMIC DESIGN EARTHQUAKES IN THE EASTERN SEABOARD OF
THE UNITED STATES

To provide the Commissioners with information relating
to the clarification of the U. S. Geological Survey
Position with respect to the 1886 Charleston, S.C.
Earthquake reoccurrence

. For the purpose of licensing of facilities in the

Southeastern U. S., the NRC has taken a position,

bzsed primarily on the advice of the U.S. Geological Survey
(USGS), that any reoccurrence of the 1886 Charleston, S.C.
earthquake (Modified Mercalli Intensity (MMI) X, estimated
Magnitude about 7) would be confined to the Charleston
area. That is, the Charleston earthquake is assumed to be
associated with a geologic structure in the Charleston
area. Nuclear power plants in the region east of the
Appalachian Mountains are, therefore, usually controlled in
their seismic design, according to Appendix A to 10 CFR
Part 100, by the maximum historical earthquake not
ascociated with a geologic structure. This controlling
earthquake is typically an MMI VII or VIII. Since 1974,
the NRC has funded an extensive research project in the
Charleston area to gain further information on the
causative mechanism of this event.

On January 28 and 29, 1982 the Extreme External Phenomenona
Subcommittee of the ACRS convened a meeting of expert
professionals in the geosciences to obtain an overview of
the state of knowledge and future NRC research needs in
this area. During that meeting, we were informed by the
USGS that it had formed a working group to reassess the
validity of its position on the Charleston earthquake,

R. Vollmer, NRR

482-7207
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This information was conveyed tc the Commissioners in a
Commission Information Paper (SECY-82-53) on February S,
1982. In that paper we indicated that any major
modification of the former USGS position could have
s:gnificant impact on many Eastern U.S. nuclear plant
sites.

After many months of deliberation, the USGS has clarified
its previous position relating to the 1886 Charleston, S.C.
earthquake. The attached letter, James F. Devine, USGS, to
Robert E. Jackson, NRC, November 18, 1982 provides the
position and indicates that:

“Because the geologic and tectoric 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 grounds
for ruling out the occurrence 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 2 particular location
in the eastern seaboard may be very low, ceterministic
and probabilistic evaluations of the seismic hazard
should be made for individual sites in the eastern
seaboard to establish the seismic engireering
parameters for critical facilities." '

Based on our discussions with USGS senior personnel, this
clarification is not intended to recommend that we .
categorically consider a Charleston-type event in the
seismic design of all nuclear plants in the eastern
seaboard of U.S. The USGS does believe, however, that an
earthquake of this size should not be categorically ruled
out at locations away from Charleston based solely on the
ctatement in the December 30, 1980 USGS letter which
states, "Consequently, earthquakes similar to the 1886
event should be considered as having the potential to occur
in the vicinity of Charleston and seismic engineering
parameters should be determined on that basis.® Instead,
this clarification provides guidance that indicates that
such a conclusion should be reached only after
deterministic and probabilistic evaluations of the seiumic
hazard for individual sites have been made.

e e -
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Our evaluation of the significance of this clarification

is underway. Currently, & two day review meeting between

NRC (ORES and ONRR) and the USGS is planned for November :
30, 1982 and December 1, 1982 to discuss both the status of
‘geoscience knowledge in the Charleston region and future - =~
research efforts. The first day will be an open public ~ .
meeting (noticed in the Federal Register) which will allow

for comments and questions from interested parties and '

members of the public.

We have also attached our preliminary views on a plan to
address this clarified USGS position. This plan includes
elements which relate to both ongoing research and
licensing efforts and possible requirements for new
efforts ?sp1it approximately 75% and 25% respectively).
This plan will be modified and completed after several
meetings with the USGS take place in order that a wmore
complete understanding of its clarified position can be

cbtained.

-

T WiTMiAd 3. Dircks
Executive Director for Operations

Attachments:
As stated

-----
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" United States Department of the Interior

GEOLOGICAL SURVEY
RESTON, VA. 22092

In Repl} Refer To:

pail Stop 905 » o 1s - Lo
S i Nov 181882 - .o

Or. Robert E. Jackson % o N _ .

Chief, Geosciences Branch v' L e iew

Division of Engineering X

U.S. Nuclear wegulatory Commission

washington, D.C. 20555

Dear Bob: - | ' -

The purpose of this letter is to clarify our position on the seismic potential of .
certain regions of the Eastern United States. In our letter of December 30, 1880,
on the same subject we expressed the view that » . . the 1ikelihood of a Charleston
sized event in other parts of the Coastal Plain and Piedmont is very low.*

As you are aware, after several years of intensive study in the Charleston region,
no geologic structure or feature can be identified unequivocally as the source of
the 1886 Charleston earthquake. However, 2s studies in the Charleston region and
elsewhere along the Atlantic margin have progressed, it has become evident that the
general geologic structure of the Charleston region can be found at other locales
~ithin the eastern seaboard (Appalachian Piedmont, Atlantic Coastal Plain, and
Atlantic Continental Shelf). .

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
ezrthquakes, the historical record is not, of itself, sufficient grounds for ruling
out the occurrence 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 parameters for eritical facilities.

As stated in our letter of December 30, 1980, earthquakes similar to the 1886
Charleston, South Carolina, event should be considered as having the potential to
occur in the vicinity of Charleston and seismic engineering parameters of eritical
facilities in that area should be determined on that basis. .

Sincerely yours,

L iy

ames F. Devine
Assistant Director for
Engineering Ggo1ogy
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Outline for Recommended Plan
astern U. S. tarthquakes

Introduction

Based on our preliminary assessment of the U. S. Geological Survey's

(usGs) clarification of position relating to a Charleston-type -
_earthquake, we do not see a need for any immediate action for specific

cites at this time. Insiead, we foresee that this clarification can be
addressed predominantly through existing ongoing programs at NRC with

the pessibility of additional requirements for work by the Utilities.

The USGS clarification indicates that deterministic and probabilistic
evaluations should be made. Generally, for most existing sites,
extensive deterministic studies have been undertaken and used in
developing the existing seismic design basis. We therefore believe that
this element of the clarification continue to be addressed through our
long range research plan. Specific modifications to that plan can be
made in order to address specific tectonic structures. _lj_gggg;gn;x,_a

w specific applicants or i i \

€
t__r__,u_ML——ecfomc struct which may not h h-- » been previously ideantified during

the licensing procedure.
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As many of the current working deterministic hypotheses 2are not directly
amenable to investigation in the short term, we believe that the
clarification issue should be pursued in the short term principally
through 2 probabilistic assessment of plants in the eastern seaboard.
This probzbilistic program can be coupled to the current ongoing NRC
efforts in this area already uncerway. We also believe that
_utility-sponsored studies should be undertaken, preferably as 2

" consolidated group, to assess the seismic hazard in the eastern
geaboarg. ..ot oot lnma Wkt B i '
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" Further specifics on this program qﬁ}j\pe.pfﬁvidégigfﬁg;lQQrg_éitéﬁ;ixgizi;fgjig
discussions with the USGS. -..co i, iU prEnsuch Uin i~‘:\v¢5:.-‘af e e

<

-y <

.

. @nieve

PROBABILISTIC EVALUATION:

In our wiew, the USGS clarification represents not so much a new

undersianding but rather a more explicit recognition of existing

uncertainties with respect to the cpusative structure and mechanism of

the 1886 Charleston earthquake. Many hypotheses havé been proposed 2as

_ to the locale in the eastern seaboard of future Charleston-size .. .- ~..-i=2y
earthquakes. Some of these could be very restrictive in 1acation while ‘
others would allow this earthquake to recccur over very large areas.

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

strong element of speculation.

Traditional deterministic approaches are not generzlly designed to deal
with this situation. Probabilistic methods which allow for the
consideration of many hypotheses, their associated credibilities, and
the explicit incorporation of uncertainty are much tetter equipped to
provide rational frameworks for decision making. We believe that the
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probabilistic approach described below, which takes into account the
uncertainties, should be used to determine differences (if any) between
seismic hazard levels associated with seismic design values in the eastern
seaboard (i.e. as affected by the USGS clarified position on the

Charleston Earthquake) and seismic hazuard levels associated with seismic

design values elsewhere in the central and eastern U. S.

Probabilistic Plan

1. Continue development of Lawrence Livermore National Laboratory
(LLNL) study on seismic hazard (probability of exceedance) for
nuclear power plants east of the Rocky Mtns. This study (Seismic
Hazard Characterization of the Eastern United States) is presently

underway.

2. Compare of LLNL study with existing probabilistic studies (for
example USGS Open File Report 82-1033) and other ongoing NRC
Research into probabilistic seismic estimation.

3. Sponsorship by the industry as a whole of 2 prebabilistic
estimation of hazard for all nuclear plants on the eastern
seaboard, along with existing ctudies for individual plants.

4. Make comparisons between plants
parts of U.S. using the LLNL an
significant differences (if any
seismic design.

in the eastern seaboard and other
d other studies to determine

§. Integration of above into Systematic Evaluation Program-type
evaluation for possible enginearing reanalysis. .

DETERMINISTIC EVALUATION:

Deterministic studies in response to the USGS clarification should
continue to be oriented toward determining the causal mechanisms of the
earthquake under NRC'S existing research program. These studies should
involve systematic testing of the several hypotheses of the causative
structure of the Charleston earthquake and investigations in areas of
high seismicity and designated areas of potential seismicity for
additional evidence of the cause. The type of studies most likely to
lead to a better understanding of the causes of seismicity in the
eastern seaboard of the United States are neotectonic investigations
(recent crustal motions and ceismicity) coupled with examination of

crustal structure:

These deterministic studies are basically four types:

1. The continuation of seismological research through the operation of
the existing micro-earthquake networks and the development of a

strong motion data base.

) in seismic hazard associated with
i
|
\
|
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The determination of the geometry of structure and tectonics of the

earth's crust at depths where earthquakes are occurring (5-20 km)
in the eactern seaboard using such techniques as seismic reflection

- profiling.

The continuation of subsurface neotectonic investigatic~» of
earthquake source areas to determine if uplift, subsidence or
differential movement is occurring. Such studies may include among
others:

A. Tectonic Geomorphclogy
B. Geodetic Measurements
C. Geologic Mapping

D. Remote Sensing
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UNITED STATES

NUCLEAR REGULATORY COMMISS!ION
WASHINGTON, D. C. 20855

HAR 3 0 204

MEMCRANDUM FOR: James P. Knight, Assistant Director for
Components & Structures Engineering, DE

FROM: Robert E. Jackson, Chief
Geosciences Branch, OE
SUBJECT: REVISION 1 OF DIVISION OF ENGINEERING GEOQSCIEMCES PLAN

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

Actached is our revised plan to address the U. S. Geological Suivey's
clarification of position relating %0 seismic design earthcuakes in the
Eastern Seaboard of the Uniteg States.

The revisions are generally changes of the dates of completion of
specified tasks with minor revisions of the tasks themselves. Tasks
which are zompleted or currently underway are also indicated.

We estimate that the preliminary hazard levels for the sites, along with
our recommendations of which plants may need further evaluation should
be completed early to mid-1885, instead of mid-1984 as originally
olanned. In addition, industry has undertaken an extensive parallel
program to cevelop methodology for calculating hazard curves through the
Electric Power Research Institute (EPRI) which {s scheduled for
completion early in 1985.

The deterministic portion of tha program will be synthesized on or about
January 1986. The delay from the original date of January 1985 is due
to the time required to compete the necessary contracts through ORES.

In-summary the probabilistic and determiristic parts of the programs are
underway. There have been some delays of 6 months to 1 year. The

present schedule is for completion of the probabilistic part of the plan
during 1985, and the deterministic part early in 1986.

-

Robert E. Jackfon, Chief
Geosciences Branch, DE

cc: See next page
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GSB Staff
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, O. C. 20855

MAR 02 783

MEMORANDUM FOR: Harold R, Denton, Director
0ffice oF Nuclear Reactor Regulation

FR0M: : Richard H. Vollmer, Director
Division of Engineering
SUSJECT: DIVISION OF ENGIMEERING GEOSCIENCE PLAN TO ADCRESS USGS

CLARIFICATION RELATING TO SEISMIC DESIGH EARTAQUAKES IN
THE EASTERN SEABCARD OF THE UNITED STATES

A olar for our procosed grogram ta address the U, S, Geological Survey's
clari®icaticn of pesitien relating to saismic design earthcuakes in the
Zageern Seadoard of the Unitad Statas is attached zenCIOSure 1). This
plan elaborates on the outline provigad as 2n attachment 10 2 memgrancum
entitled, "Clarification of U. S. Geological Survey Position Relating ©0
Seismic Design Earthguakes in the Eastern Sezboard of the United.
S:ases", which was sent from the Executive Director of Qperations <o the

- .-

C-=missicners on lovember 19, 1882.

The plan is divided into two paris. Part one is a short term
prababilistic assessment utilizing an extansive new seismic hazard stucy
currently being ceveloped by Lawrence Livermore Naticnal Laboratary.
Part twc is a longer term deterministic assessment Dased primarily on
leng range ORES research with the possible need for utility spensorad
investigations at some locations after an assessment cf the long term
research results. Additionally, we recommend that an industry sponscred

seismic hazard study be solicited.

We estimate that the effort 0 establish the seismic hazard level for

the sites and make appropriate comparisons will take approximately three
years to comolete, ytilizing staff resources of about 2.5-3.0 SY per
year, and S30CK per year in technical assistance funds. Qur preliminary
recommendations on waich plants, if any, may need further evaluation .
should be completed in mid-1984. Because of the required research
ef<ort, the detarministic element will not be synthesized until 1985.

The proposed program will complement ongoing PRA reviews and the seismic
hazard spectra which are developed can also be used for future SE?
evaluations. This program, therefore, {s basically a continuation, with
modification, of our cngoing 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 cansidered and inciuded fn the operating plan for FY 84, This plan
elso presuppeses that our interim position for licensing reviews
(enclosure 2) is found %o be accentable by ACRS and ASL3 while we
impiement this program.
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There is evidence to support thic assumption in the recent Appeal Board
decision on Summer (ALAB-710).

We have also assessed our ability to implement this plan under the
existing regulation, Appendix A to 10 CFR Fart 100. We have concluded
that, aithough Appendix A itself does not explicitly recognize the use
of probabilistic methods, as a minimum they can be used to assist in
reaching cetermin.stic judgements (Seabrook Remand, CLIB0-33). It is
not clear whether they can be used as the primary tool in setting
appropriate ground metion levels. Therefore, we recomnend that we
imolement a limited modification or clarification of Apcendix A as
previously planned in conjuncticn with ORES as 2 parallel, yet
incenendent effort, along with the Charleston plan., This modification
has been reccmmenced in S£CY-79-300 and encorsad by the Siting Poiicy
Task Force in NUREG-0625 ang is necessary to reflect the curre.t state
ef are. This mogificazion will require an 2cditicnal 1.0 SY per year for
2 years.

e recsmmend that ycu consicer piacing this effors equally uncer three
ressurce areas - Operating Reactaor Licensing Acticns or Safaty

“azmnalcgy, Systematic Evaluaticn Progran for olcer cperaiing piants,
ana Casework for ongoing OL review slants.

This plan has been developed as a result of extensive discussion within
the Gessciences Sranch, NRR; and discussions wish the Zartn Sciences
8ranch, ORES; anc the U. S. Geological Survey.

=y
7, £
//—'—’-, ¢ W '(s’):~ ———
et

Richard H. Vollmer, Director
Division of Engineering

Enclosure:
As stated

¢cc: w/enclosure =
Case A. Murphy
Eisenhut . T. Schmidt
Vol imer W. Russell
Mattson R. Bernero
Thempson GS8 Staff
Knight Z. Rosztoczy
Jackson P, Nilliams
Reiter

8roccum

Sullivan

Beratan

Minogue

. Arsenault
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Recommended Plan
Eastern U.”S. farthguakes Revision 1

Introduction

On November 18, 1982, the U. S. Geological Survey (USGS) forwarded 2
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 Charieston
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 streng
earthquakes, the historical record is not, of itself, sufficient
grounds for ruling out the occurrence in these other regions of
strong s2ismic ground motions similar to those experienced near
Crarleston in 1886. Although the probability of strong ground
motion due to an earthouake in any given year at a particuiar
location in the eastern seaboard may be very Tow, 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 facilities."
We have evaluated the USGS clarification of position and have concluded
that it can be addressed predominantly through existing programs at NRC
with the possibility of additional requests for utility - sponsorec
work. We recommend that a twc part program be implemented which will
address both the deterministic and probabilistic elements mentioned by

the USGS.

Part 1 of the proposed program is a short term probabilistic 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 :he short term.
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rart 2 of the proposad program is a longer term deterministic assessment
of tﬁe causes of large earthquakes, such as the Charleston earthquake,
in the eastern seaboard. Specific areas of relatively high seismicity
and tectonic structures are jdentified which we recommend be addressed

through the ORES long range research p1an.

Based on our evaluation of the research results, some applicants or
licensees may be required toO investigate tectonic structures which may

not have been previously identified during the licensing procedure.

part 1 - Probabilistic Assessment

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, Scme 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 2

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 deal
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with tQ1s situation. Probabilistic methods which allow for the
consideru:ion of many hypotheses, their associated credibilities, and
the explicit incorporation of urcertainty are much better equipped to
provide rational frameworks for decision making. The question that
needs to be answered is:
Taking uncertainties into account, have licensing decisions for
plants in the eastern seaboard (i.e., in the region affected by the
USGS clarified position on the Charleston Earthquake) resulted in
.:ceptable levels of assumed seismic hazard (exposure to earthquake
ground motion) at the individual sites?
One means for answering the above question is a probabilistic assessment
of seismic hazard at all nuclear power plant sites east of the Rocky
Mountains. Since adequate or acceptable levels of seismic hazard have
nct been explicitly defined in probabilistic terms, it is assumed that
the probability of seismic ground motion exceeding design levels
implicitly associated with licensing decisions based upon traditional
methods in other regions o1 the U. S. east of the Rocky Mountains is
adequate; these other regions include areas such as the Central Stable
Region and the Gulf Coastal Plain. The prime tool for carrying out this
assessment is an updated and revised version of the Uniform Hazard
Methodology developed for the Systematic Evaluation Program by Lawrence
Livermore National Laboratory (LLNL) and its subcontractor TERA
Corporation. This methodology relies upon the incorporation of diverse
expert opinion with regard to the input parameters needed to make
probabilistic estimates. As such, it does not rely upon single

hypotheses which do not account for existing uncertainties but rather



attempts to incorporate the hypotheses and their uncertainties into the
computations. ldentification 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 rearalysis
to assure the plant's ability to withstand a more severe earthquake.
This study may also identify selected plants outside of the eastern
seaboard whose design levels mav be inappropriate, relative to other

plants, with respect to the seismic hazard.

In acditlonL1-uc-i¢¢-0150-$n$t$at$lg] through a technical assistance
contract, @ study to better estimate ground motion from a large
earthquake the size of the 1886 Charleston event to gain a better
understanding of how this ground motion should be represented [- 1. has

recentlv been completed.

Major Activities - Probabilistic Assessment

The probabilistic assessment portion of the proposed program is divided

into the following elements.

1. January 1983 thru [Apréi-3983] September. 1984 - Continue

development of LLNL study including expert opinion surveys on
seismic hazard east of the Rocky Mountains. This study (Seismic
Hazard Characterization of the Eastemn U.S.) 1s presently underway

as a joint effort of NRR (FIN NO. A0428) and ORES. (FIN No. A0306).




.[Io] Additional resources above those [aiready] allocated [are]
>!=:5 needec[+] because of cost overruns on this project (about 1.0
sY, $157,500).

2. [May-3683) January, 1984 thru (Pecember-31983] Septembe -, 1985 -

calculation of seismic hazard spectra by LLNL for all nuclear power
plant sites (approximately 75) east of the Rocky Mountains will be

completed by early to mid-1985. An estimation of the probability of

seismic ground motion exceeding the design level at each site,
taking into account specific site conditions, will be completec and
provided as a report. fAn-addi&ional-ZvO-S¥-Ss--eeded-‘ov-hhﬂh-and
qu-S*-‘ov-NaG-e“ovt-duving-th#s-poviodf]

[3v-Scptonbcv---Doccnbcv-iOia—-] In addition, a comparison of LLNL

study with existing probabilistic studies such as Algermissen and

others (1982) will be completed. [An-addtcs.-ol-OvS-Sx-ss--oedcd

for-ckNe-efforte] An additional 3.0 SY is needed for LLNL (FIN No.

A0248) and 0.3 SY for NRC effort during this period.

4.1 3. (Mareh] December 1983 - [4983] March 1985 - Sponsorship by
the utilities of a probabilistic estimation of sefsmic hazard for
all nuclear power plants east of the Rocky Mountains, [Fhis-studyy
wh#lc-not-c-voqutvonent1-$|-otvong$y-vaecalnaded—tc-at-to
coapleneut-thc-hhﬂh-study-cnd-pvov#do-apother.tndopcndoat
assessment-of-sedsmie-hazarde] An additional [O«3] 0.4 SY needed

for LLNL FIN No. A0448) and 0.1 SY for NRC effort.

LDEN [Docouhev-iaaa-lavch-iO&t] February, 1985 - September, 1985

- Using LLNL and other studies, the NRC staff will integrate this

information and make comparisons of the probability of seismic



ground motion exceeding design levels in the eastern seaboard with
' probabilities calculated at plents 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 will then be
identified. Other comparisons may be needed, but will be decided
upon after review of initial results. An additional 0.7 SY is
needed for NRC effort.
(Gv-Apci&-}GBA-Scplo-bev-;986---A:oessnen(-oi.s-saiol-conclugio-s
wogard#ug-balavd-in-%igut-ct-tocibath-‘von-eupevt-opinion-an
ousgsua1-t-putv--A-Osnal-ZQQQQv-vcpovs-uixz-bc-#ssuod-utth-a-csua:
v0co-ao-¢atton-ou~'10nt|-wh$ch-nood-vocva&ucttonq-An-aid&ttcnazoevz
S‘--eodcd-‘Ov-thk-ald-O'a-Sx-tov-lﬂG-c“oct']
(3] 5. January 1983-December 1983 - Ground motion estimates at
different distances and site conditions from a large Charleston
type earthquake. Both theoretical and empirical estimates using
data from recent earthquakes will be made. This study [4s
pvoscntly-betng-4n$t$atcd-throuqh-a-tonhntcat-olutstoncc-contvact
w#th-hbub'--lo-oddittonal--tsouvco;-avc-chu$vc¢v] has teen

recently completed.

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

incorporate them into task number 5.
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Implementation of Probabilistic Assessment Results

The implementation of results is outlined above in [clcnents-i-;ud-&.]

element 4,

NRR Staff and Cost Requirements - Probabilistic Assessment

The additional effort required for this portion of the program will be
(3+6] 4.4 SY for LLNL ([3.9] in FY 83, (0+6) 2.4 in FY 84) and 1.3 SY
for NRC (0.3 in FY 83, 1.0 in FY 84). This staff effort can be
accommocated with the currently available resources in the Geosciences
Branch because this program complements cngoing staff activities and may
replace other staff activities for individual sites. This program does
not inciuce rescurces to complete the seismic evaluation and/or
engineering reanalysis which some plants may reguire as 2 result of the

probabilistic elements.

Utility-Spensored Study in Conjunction with the Probabilistic Assessment

A recommended uti’ity-sponsored study is outlined above in element [4+]

3.

Schedule - Probabilistic Assessment

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

part 2 - Deterministic Assessment

Discussfon
The deterministic portion of the proposed program {s designed to better

understand the causes of large earthquakes, such as the Charleston
earthquake, in the eastern seaboard, This effort may require some

expansion of immediate and long term ORES programs. Increased



understanding of the cause of cefsmicity 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
characterization in the eastern seaboard is that no causative mechanism
for seismicity has been identified to date and no surface offsets due to
earthauakes 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
oroved 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 sefsmicity in the eastern seaboard to determine if
tectonic features and processes responsible 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
crustal structures at hypocentral depths and the earthguake 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 analysis of earthquakes from the existing microearthquake
nets. These nets will have to be maintained and upgraded in order to
improve depth locations of hypocenters if there is to be an improved
ability to correlate between hypocenters and tectonic structures at

depths of up to 2% kilometers.



This research will be contracted and monitored by ORES, and does not
ropriscnt a radical departure from past programs. Increased
coordination between NRR and ORES will be required, however, to better
define the problems 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 stucies and identify individual features,

{f 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 Reaion

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 earthquake. In particular, emphasis should be placed
on determining 1f suggested features such as the Ashley River and
Woodstock Fault zones constitute the source zones of the Charleston

earthquakes.,
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1. May 1983 - "lorkshop on the 1886 Charleston Earthquake and Its
Implications for Today" - the U. S. Geological Survey and the
scientific community [will-present] presented a summary and
evaluation of the tectonics and seismicity at Charleston.

2. [September-1983] April 1984 - ORES in consultation with the U.
. Geological Survey and the scientific community should have 2
program in place to test the most 14kely tectonic hypothesis
for seismicity.

3. June [$684] 1985 - ORES presents the results of the program

of testing the highest-weighted hypothesis. Irterim results

will be presented as available.

4. January [3988] 1986 - ORES presents summary report (perhaps a
szggosium) describing the results of the Charleston work
testing the highest-weighted tectonic hypothesis.

B. Ramapo 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 ana 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 causal relat’onship between Mesozoic or older faults
such as the Ramapo Fault and current seismicity in this area by
determining the location and geometry of these faults at hypocentral

depths.
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April 1983 . ORES [#métdates] initiated a new evaluation of the

Ramapo Fault. The study [shewld-imelude] includes multi-channel

seismic reflection profiling anc other geophysical techniques
such as in-situ stress measurements and geodetic measurements
to determine the current state of stress at hypocentral depths.
[danvary] February 1984 - ORES [presents] presented
preliminary results of the program to date, and plans for the
coming year.

[damuwary] Marzh 1985 - ORLS presents summary report on this
aspect of the Ramapo Fault Study including the identification

and analysis of any seismic source zones.

C. Central Yirginia Seismic Zone

Recent work by earth scientists at Virginia Polytechnic Institute have

suggested that there may be 2 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.

April 1983 - ORES [presents] presented a plan for undertaking
the seismic reflection profiling, and applying other
geophysical techniques such as geodetic mezsurements and
{n-situ stress measurements.

[damwary] May 1984 - ORES presents the preliminary results or
progress to date, and plans for the coming year,

January 1985 - ORES presents a summary report on the




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 asscciated with the Valley & Ridge Province of the
Appalachian 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

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

1. April 1983 - ORES [4néssates] initiated planning for the
proposed research.

2. August 1983 - CRES [4mitdates] initiated study of the Giles
County structure using seismic reflection profiling.

3. [Apwdd] May 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 {dentification 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
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magnitude of the stress field in the seismizally active areas of the
rtg1bn. An in-situ stress measurement at hypocentral depths will be
conducttd-at Moodus. Depending on the results of the seismic reflection
studies described above, additional seismic reflection surveys may be
conducted in se'smically active areas of New England such as Moodus,

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

1. April 1983 - ORES [completes] completed plans for stress
measurement at Moocus.
2. [Awewss] April 1983 - Conduct stress measurements at Moocus.

Stress measurements will also be conducted in the Ramapo Fault area

in May, 1984,

3. [Aersd] July 1984 - ORES presents preliminary results of stress
measurements and thefr relationship to the local seismicity and
tectonics.

4. January 1985 - ORES presents summary results of stress

measurements and other studies (including neotectonics)

described above.

Implementation of Deterministic Assessment Results

As the resuits from the deterministic studies become available, they
will be evaluated, and, the effect, {f any, on operating plants and
plants in the Operating License stage of review will be determined. The
need for additional evaluations of particular structures by utilities
will be assessed as the information becomes available., Two problems will
be addressed by the deterministic portion of the program; (1) whether or

not the deterministic findings warrant any reassessment of the
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conclusions drawn from the probabilistic study; 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 above effort will take about two to three years (early
(9882 1986) to complete. The impact of this research on nuclear power
plants will be determined by the NRC staff with technical assistance
contracts, if necessary.

NRR Staff and Cost Reguirements - Deterministic Assessment

This effort will recuire continuocus communication ameng 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 required to allow a resolution of eastern seismicity. 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
deterministic assessment, $20J,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
recommeanded, beyond that necessary to pursue their normal efforts to
cont.nue to assess any hazards jdentified by them for their sites.
After the results of the research are available and if any source zones

are identified which have particular importance to specific sites or
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have impact on the probabilistic program, some utilities may be required
to investigate structures in the vicinity of their plants.

Schedule - Deterministic Assessment

The proposed schedule for implementing this plan follows as Table 1.
Qur ability to meet this proposed schedule may be somewhat optimistic
and is contingent on implementing the aporopriate contracts. We will be

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



Calendar Year Schedule for Probabiilstic and Deterministic Seismic Hazard Program

1983

pPart 1 Short Term Meet with ACRS to

discuss Program

1. Update LLNL Seismic
Hazard Methodology

2. Calculate Seismic +

[+Complete-Methodelegy]

1984 1985

Meet with ACRS to
to discuss Preliminary
Recommendations

+Complete Methodology

[+Repert-with-Speetra)

Hazard Spectra for
tastern Sites

[{3:) Compare with other +

1
Report with Spectra

Re with %
[ +Repert-with-Cemparisens | Comparisons

available probability
studies

[4.] 3. Initiation of Industry- -

Sponsored Seismic Hazard
Study

5. 4, Comparison of Seismic
Hazard at Sites

[6e-Assessment-af-impact-of
Expert-Feedbacek

Inftiate Tac with LLNL
[?+] 5. Charleston Ground Motion °*

*
Production of Study Results
[+Producticn-of-Study-Results]

Letter Report with Recommendations

[Letter-Report-with +
Preliminary-Recommendations] Final Recommendations
[+] [+Firal--Recommendations |

initate-Feedback Assess-impact-en
$eececmcce e ——— +Previous-Resu’ts]

+1ssue Report (issued Jan, 1984, NUREG

Study

Table 1

June, lggg )



Calendar Year Schedule for Probabilistic and Peterministic Seismic Hazard Program

1983 1984 1985
Part 2 Long Term Meet with ACRS to Meet with ACRS to
discuss Program to discuss Preliminary
Reconmendations
Workshop-
Interim Progress Feport on Results of
Synthesis Hypothesis Testing Testing
1. Charleston Research + X [ % X (e 1 x
Initiate Preliminary Summary
Study Report Report
2. Ramapo Fault Research + X x 3 S
Inftiate Preliminary Summary
Study Results Report Report
3. Central Va. Research + x CHE . o SD—
Initiation Preliminary Summary
RFP of Study Results Report
4. Giles County, Va. + X X X 7 P——
Research
Stress
Measurements Conduct Preliminary Summary
Plan Measurements Results Report
5. New England + x X R eeewes XX

seismotectonic Research

Summarize Review

Preliminary Evaluation Summary of of Determinsitic
of Results of RES Source lones Work
6. Assessment of Impact of + X X 5
peterministic Studies
on Sites

Table 1 (cont'd)



Enclosure'z

Interim Position on tharleston Earthauake

n
for Licensing Proceeding

The NPR Staff position with rc;pcct to the Intensity X 1886 Charleston

earthquake has b

een that, in the context of the tectonic province -

ipproach used for licensing nuclear power plants, this earthquake should

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

part, on informa

(uses) in a lett

tion provided by the United Stttes.Geoiogical Survey
er dated Decerber 30, 1980 ¢rom J. E. Devine to R, E.

Jacksen (see Surmer Safety Evaluation Repcrt). The USGS has been

reassessing its

position and jssued a clarificaticn on ‘overter 18, 1562

in 3 latser fren J. E. Devine to R. E. Jackson. As a result of this

tesser, a greliminary evaluation anc cutlire for NRC zcticm wes

¢crvardes %0 the

Cormission in a memorancum from W. J. Dircks Cn

soverter 19, 1982.

The USGS letter

"gecause th
region are

states that:

e geologic and serssnic features of the Charlasteon
gimilar to those in other regicns of the eastern

geaboard, we conclude that although there is no recent or

historical
earthauakes

evidence that other regions have experienced strong
, the historical record is nct, of itself, sufficient

greunds for ruling out the occurrence in these other regions of
strong seismic ground motions similar to these experienced near

Charleston
motion due
locatign in
probabilist
individual
engineering

The USGS clarifi
rather a more ex

respect to the ¢

ir 1€86. Although the probebility ef streng graund
to an earthquake in any given year at a particular
the eastern seaboard may be very low, determiristic arc
ic evaluations of the seismic hazard should be mace for
gsites in the eastern seaboard to establish the seismic
parameters for critical facilities."”

cation represents not $O much a new understanding but
plicit recognition of existing uncertzinties with

ausative structure and mechanism of the 1866 Charlesten

earthquake, Many hypotheses have been proposed as to the locale in the

eastarn seaboard

of future Charleston-size earthauakes. Sore 0* these
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could be very restrictive in location while others would allow this

ear+hcuake to recur over very large areas. Presently, rone of these
hypotheses are definitive ard all contain a strong element of
speculation.

e are addressing this uncertzinty in both longer-term deterministic 2nd
chorter-term probabilistic programs. The deterministic studies, funced
primarily by the Office of 2esearch of the NRC should reduce the
uncartainty by better identifyirg (1) the causal mechanism of the
Char'eston earthcuzke and (2) the potential for the occurrence of larze
ez ~=hoyakes throughout the eastern seaboard. The probabilistic stucies,
srimarily that being conducted for MRC by Lawrence Livermore Matioral
Lzboratory (LLNL) will take into account existing uncertainties. They
«i11 have as their aim to cetermine differences, if any, between the
srananilities of seismic ground morion exceeding design levels in the
eascern seaboard (i.e. as affected dy the USGS clarified position cn 72
charleston earthguake) and the prosabilities of seismic ground moticn
exceeding design levels elsewhere in the central and eastern U. S.

Any plants where the pretasilities of exceeding design leve! grourd
moticns are significantly higher than those calculated for other pleris
in the Central and Eastern U. S. will be fdentificd aid nvaluated for
possiole further engineerirg analysis.

Given the speculative nature of the hypotheses with respect to the
recurrence of large Charleston-type earthquakes as a result of our
limited scientific knowlecse and the generalized low prebapility

associated with such evenis, we de not see a need for any action for

-
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