. UNITEDSTATES - :
NUCLEAR REGULATORY COMMISSION:

'WASHINGTON, D. C. 20555

‘SN 19 1978
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APPLICANT:  TENNESSEE VALLEY AUTHORITY (TVA)
FACILITIES: SEQUOYAH WATTS BAR AND BELLEFONTE

SUBJECT: SUMMARY OF MEETINGS WITH TVA TO DISCUSS SEISMIC ISSUES -
‘ ‘RELATING TO SEQUOYAH, WATTS BAR AND BELLEFONTE -

The NRC staff met in Bethesda, Maryland with representatives of TVA and
its consultants on April 14 and May 16, 1978 to discuss the above subject.
Attendees at the two meetings are given in Enclosures 1 and 2. At the
April 14 meeting, the applicant described the efforts then underway to
generate site-specific seismic response spectra applicable to the three
TVA plants. Enclosure 3 is a summary of the material presented by the
applicant. At this meeting, the NRC staff indicated that rock-site
records from earthquakes in the magnitude range from 5.3 to 6.3, and for
distances less than about 20 to 25 kilometers could be selected as
representative of the SSE for the three TVA plants. This determination -
was based on studies of the controlling historical earthquake for the
Southern Valley and Ridge tectonic province, the Giles County Virginia
earthquake of 1897.

At the May 16, 1978 meeting, the site-specific studies being conducted

by TVA were again discussed. TVA indicated that records had been found
for five western-U.S. earthquakes that meet the above-described magnitude
‘and distance criteria. The staff recommended that the strong motion
records of the Friuli (Italy) earthquake sequence of 1976 be obtained,

if possible, to supplement the five earthquakes from the western U.S.

‘At the May 16, 1978 meeting, the staff summarized the resuits of the work
.being conducted by the NRC Staff Working Group on the TVA Seismic Issue.
The Working Group's final report was subsequently transmitted to TVA by

letter dated May 30, 1978. QQ.O_Q\_
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ENCLOSURE 1

ATTENDANCE LIST
JUNE 14, 1978 NRC-TVA MEETING ON SEISMOLOGY
OF SOUTHEASTERN U.S.

TVA

R. D. Guthrie

R. 'J. Hunt

Richard Holt - consultant

Gabriel Leblanc

Larry Mills

Mark Wisenburg

Richard Hopkins

Gus Giese-Koch

George C. Klimkiewicz - consultant

OGTITLCOoOMM—-AIY— NI

NRC - STAFF

Rood

P. Chan
Reiter
Sobel

. .J.: Bennett
. Ketchen
Reis

. Woodhead
Kane
Cardone
Silver
Rajan
Stahle



ENCLOSURE 2

- ATTENDANCE LIST :
MAY 16, 1978 NRC-TVA MEETING ON
SEISMIC ISSUE

TVA ' NRC - STAFF
Mark Wisenburg H. Rood v
Ron Guthrie C. Woodhead
R. Joe Hunt . S. P. Chan
Bill Seay L. Reiter :
Donald J. Reinbold T. J. Bennett
G. Giese-Koch R. Hofmann
Richard Holt C. Stahle
Gabriel Leblanc H. Silver

- P. Sobel
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ENCLQSURE 3

SEQUOYAIL, WATIS BAR, AND BELLHFONTE

L R

FUGIFAY, PLANTS

JUSTIFTICATION O GRIGMIC DESI(;L« DASES

Atbached is information outlining the epproach we plan to follow

in developing site specific response spactra at the suoject plants.
We plan to corplete the work and submit a report to you by July 1,
1978. We would like to meet with you April 11L 1978, to discuss
the attached information.



EARTQUAKE GROUND MOTION STUDY FOR

SEQUOYAH NUCLEAR SITE

INTRODUCTION

It is recognized that problems exist in the-definitibn.v
ot sﬁrong ground motion for eastern North_Americén earth- |
guakes, based on a Modified'Mercaili‘inténsity versus peak'z
acceleration correlation derived ﬁor_other tectqnic regines.
Some of these problems arise from questionable assumptions;‘

e.g., 1) that the epicentral intensity is an adequate means

of defining the energy distribution of an earthqhake;

2) that the epicentral intensity is correlated to peak ;
particle acceleration; 3) that ground acceleration at
specific sites can be predicted without donsidering local
crustal effects; and 4) that near-field ground motion is
similar with respect to spectrai contentAin all tectonic
environments. Until these and other assumptions,are’verified,.
other methodologies for predicting design strong ground
motion induced by eastern earthquakes need to be exploréd.

. The present attempt to predict site~specificvspectra*
for the TVA sites will first include an examination of  the
groﬁné motions induced by nearby moﬂerate—size'éarthquakes
tiiat have occurred in eastern regions, as close as possible
to the sites, and secondly, providé a method for extra- ‘

polating the ground motion associated with the design earth-

" .quake on the basis of theoretical modeling supported by an
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experimental study of the ground metien induced by earth-
quakesAef various sizes and types ftom a mere'aCtive tec;‘
tonic environment. '
| The following are phases of a proposed investigation'to‘f

tlmate site c1f1c response spectra for an eastern

Unlted States ue51gn earthquake, ‘such as the 1897 Gllesf'

‘County, Vlrglnla event.

1. SPECIFICATION OoF THE DESIGN EARTHQUARE

The design earthquake is descrlbed in terms or its-

max imum epicentral 1nten51ty and its nearest probable

approach to a site. The Giles County earthquake-is‘an'

historic event with no instrumentally determined magnitude.
. I

' In a first step, the historic event will bevaSSigned a.

magnitude inferred from an empirical study of magnitude

~versus felt area relationships. One‘of theselrelationships

that has exhibited some degree of stability for eastern
events eerrelates magnitude with the area confined by tﬁe
Intensity IV isoseismal. " Available isoseismalAmaps fet the
Giles County event will.be studied and evaluated td.inferta”'

reasonable magnitude for this dasign earthquake.'

2. STUDY GF REGIONAL SEISMIC WAVE TRANSMISSION o

END CRUSTAL AUPLIFLICATION |

The 2xiszting rochnical literatuve iliustrates that
Feisaio energy 15 anisotropically transmitied thtqugh tha

outqern Aopalachtan region, probably due to the pronounced

linear trends of the folded and thrust faulted province.



. tion of small and moderately large earthquékes, magnitude > 3;?:'

1960's; 4) collecting and analyzing existing blast_or earth~ii;

- quake seismograms to determine local attenuation character- .

The pfopagation of'seismic waves as a function szbéfﬁff
parallel or transversé tb the structural.trends, will>be
investigated. This effort will‘inclddei 1) identification U\
of quarrying operations éuitabie for an attenuation study

(in terms of locations, operational periods, blast yields,
shot delay used); 2) identification of all wéll—calibfated 
Seismogréph stations operating in the afea; 3)'identifica?

ERy

strategically located in the southern Appalachians since thev;f

istics and crustal amplification. Major sources for the
seismic data will be the Long Range Seismic Measurement
Progrém (LRSM) and the World Wide Standard Seismograph

Network (WWSSN); 5) possible on-site monotoring for pafticulér
evehts.

3. GRCUND MOTION INDUCED BY MODERATELY SIZED EARTHQUAKES®

The available instrumental seismic data will be tho-
rougﬁly searched for significant events recorded by‘nearby'
stations at distances of about 40 ‘km or less. To be uséfu1;7“
tha rﬁnﬂrﬂing ~f thease ewvenks mush hnra pvvsefvea.the_éntire:: 
S CTIUTd L e w7 AU S S A o 0ons wi’t'hf dlié..l
Gamarogor Myedinel eyt ;f~““2-:" SRRAN uxgnetié tape

vecoxdings, witl previd: vsable cocorsdings. A preliminary

sacan of the 1R3M data indicates that abt lazn# one such event
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America, or some other parts of the world.

exists. Proces_sing .ozf this event (or.e\}e,s) w:Lllyleld,
for known magnitude(s), the correspondinquourier spectra,
describing thevenergy distribution of.thé‘recorded ground :
metion over various frequencies.--The'spectra determined‘ihf?
this sectioh for moderate-size earthquakes will be the basisljﬂ;;
for an ektrapolation, using the relations derived'in the
next section, of the ground motion to'be'expected.from tﬁe‘:ﬁlﬁf
designtevent. | |
1t is.hoped that the type of earthquake mechanism andvf
the fault orientation of the event(s), as well as those of

design earthquakes, may be estimated from the presently:

available data to place llmlts on the type of earthquakes toff,tf'
be studied in the next section.

4. GROUND MOTION STUDY OF EARTHQUAKES
"IN A MORE ACTIVE REGION

‘Theory indicates that the earthquake source, mechanism,
stress drop, focal depth, etc. influence the shape of the - -

source spectrum. The source spectrum, the transmission

characterlstlcs of the media, and the path orlentatlon from

. the source to the stations and local site response subsequently

detarmlne the site spectra. ' Factors that influence the
Shape and level of the amplitude spactra will be investigated o

using a combination of theory and axoerinzntal diata of well-

rocnrded aventcs from active ar2as such o5 westorg Moroh

Three principal reasons justify the study ®f earthquakes

from a more active region. First, a better instrumental
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coverage can be expected, which increases the chances of o

~aroand an earthquake epicenter with a known focal mechanism.

both a mégnitdde-and mechanism similarvtO-the’event studied

finding a favorable azimﬁthalvdistribdtion df‘seismogréphs

The effect of fault orientation or local qrustal:cbnditions‘

cannot be studied withoﬁt data gathered by a dense station

coverage only realized in some active regions. Se¢§ndly, ittﬁ

is expected that the more activevenVifonment can bro&idé

events within albroade:‘magnitﬁdevrange, hOpefﬁlly-inClﬁdiﬁé?
Cy

in Section 3 and one equal or slightly lérgef than the

design earthquake specified in Section 1.

Finally,'studying moderately largé éérthquake5>in,én-
activé‘region increases the likelihood pf‘obtaining, for £hé
same event, both‘accelerogrém and seismogram'data which will
be used to‘cbmpare strong motion inferred from seismograms,‘
with observed accelerogram strong motion. | )

Comparative analysis of the spectral similarities_and*lq
differences,,as a function of magnitude,,fault driehtatioh,

i ) o s e : . .
etc., will result in the definition of experimental scaling

‘relationships and parameteric variations to be used in

Section 5 to define the ground motion to he expected by the

~eastern dasian earthyguake.

in ths event that the id2al data base just described
carrot be chtainad, and only partial azimuathal control is-
available, the distribution of seismic energy could be

studied using seismic source modeling techniques.
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5, DETERMTNATIOV OF THF DFSTGN EARTHQUAKE GROUND MOTION

051ng Lelahlonshlps obtalned in Sectlon 4 t1e ground

~~~~~~ motion to be associated with the design earthquake will be
extrapolatéd'ffom’the moderate—sizé event studied in Sec-

tion 3. To be'fﬁlly justified, such an extrapolatlon, which ,” : "
uses relatlonohlps derlved from another region,. would s
. require that all parameters that govern the scaling laws as"-g,ﬁ

._ a‘function‘of magnitude be experimenfally proveﬁ identical

in both regions. Even though a certaih'éontr01 of some

parameters can be obtained (e.g., type of mechaﬁiém, mag%'i
'nitude, crustal amplification), some oﬁhers suéh és StreSs
fegime, fault orientation, e£c. cannot be equally well.
determined. To compensate for such an uncertainty; relation—
ships derived in Section 4 will be applied in their ﬁost»

..~ conservative form.
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