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SUMMARY

Appendix A to 10 CFR 160 provides guidelines to be followed by an
applicant to NRC for determining the seismic design of nuclear facili-
ties. Following their guidelines has led to seismic designs of 0.10
to 0.25 g (¢ = the acceleration of gravity) for nuclear facilities in
the South Carolina and Georgia area; the seismic design for SRP is
0.20 g.

The U. S. Army Corn of Lnginecers with the help of thé U. S. Geological
Survey, has independently develeped a method of determining seismic
desien. Using this method the Corps developed a seismic design of 0.4 -
g.5 g for the Richard B. Russell Dam on the Savannah River. This seismic
desisn has been criticized as being too low; 0.85 g or perhaps as high

as 1.0 to 1.3 g has been suggested as being appropriate.

Thus, from cssentially the samc geologic and seismologic data different
results are possible. The development of seismic design is thus not
clearly demonstrable but is an evaluation that is arrived at by consensus
and by regulatory process.

The major part of this document is a parametric study that determines the
design accelerations that would be developed for SRP dependingon: (1) three
different assumptions on the location of the earthquake: (a) at its his-
toric position, (b) at the edge of its seismotectonic province, and (¢} at
SRP; (2) six different attenuation relationships; and (3) eight different
relationships between intensity and acceleration. The earthquakes used
are the Charleston carthquake of 1886 (MM = X), the Union County earth-
quake of 1913 (M = VII}, the Wilmington, North Carolina, earthquake of
1958 (MM = V1), and a hypothesized earthquake on the Belair fault north-
west of Augusta, Georgia. Depending on the assumptions and relationships
used, the intensity at the SRP site mav range from VI to X and accelerations
from 0.05 g to 2.8 g. This is a parametric study and no recommendation is
given as to which specific set of assumptions and relationships is most
reasonable or which should be used in seismic design,

A probabilistic seisiic hazard analysis, using the different assumptions on
the location of the carthquakes, two selected attenuation relationships and
three sclected recurrence relations, was made for SRP using the method of
McGuire (1976). The annual probability was found to be dependent on the
seismic source aren uscd and very derendent on the attenuation relationship
used to calculate the probabititv. The annual probability varicd by one

or two orders of magnitude for a given intensity as a function of the
atténuation relatlonships used.
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INTRODUCTION

In safetv analvses of both existing facilities and proposed facllities

the effocts of earthquakes must be considered. The evaluation of safety
relative to earthquakes is a difficult and much argucd subject throughout
the nation. An additional uncertainty is present when evaluating the
effccts of earthquakes in the southeastern U. S. because the temporal and
spacial occurrence of thesc carthquakes is poorly understood. In general,
it is agrced that different arveas djffer in their seismic potential and
that this should be recognized in seismic design. Yet the long time scale
of carthquake recurrence in some arcas leads to some uncertainty in using
the historic record to assess the arca's seismic potential. In addition,
therce are temporal changes in the seismic potential of some areas, and
the probability that this will occur in the future 1s poorly understpod.

Two cpposing philesophies lead to different conclusions on the seismicity
of an arca: (1) where it's happened before it can happen again, and (2)
there's always o first time. DMost seismic evaluations apply philosophy
(1) and attempt to base the evaluation of future scismicity on the record
of the past, either historical seismicity or the geologic record of past
carth movements. The science of seismology is presently devoting much
cffort to the study of past records in an attempt to predlct the future.
Most studies in the U. S, use data from California or the western U. S.

Loy
[

as thev are much more plentiful than data from the castern U.
because this is a developing science, there are many different relation-
ships and assumptions in use. Thus, a single selsmological question may
have many different answers with numercus adherents, making it difficult
to give a single definitive answer that will be enduring.

JEAYT AT

jE . X
nowever,

Onc shouid not, therefore, anticipate that a single seismic analysis
will be accepted by all or forever. As the science develops, certailn
relationships that were acceptalkle may no longer be ncceptable and certain
assumptions may loose favor., Tf the acceptability were based on clearly
defined fact, the matter would be easily dispesed of. But accentability
in today's climnte 1s arrived at by discussion. The rules governing sone

of these discussions also tend to change with time, |
—

Pestening for large seismic forces raises the cost of both existing and
proposed facilitics. DBut becoming a party to a discussion of the seismic
potential of an arca also raises the cost in terms of cffort as well as
delayv.  In the construction of modern nuclear facilities, many utilities
have taken the position that the seismic discussion raises the cost of
the facility more than the seismic design will, and thus they agree to
destens that they mav believe are unjustified.  Sometimes the aéceptance
of a higher scismic design has merely raised the level of the discussion
S0 that the utility finds it has acceepted a hisher scismic design than
ttothinks is justified and vet has not cscaped being a party to an extended
seismic discussion. Thus, it is a difficult decision to make as to when
To aveept a hivher scismic desipn than one thinks s justified and when to
draw the line and defend with great vigor one's seismic analvsis. It is
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to assist in this decision that the following parametric study of the
relationshins of various seismic parameters was performed. Different
assumptions and relationships are used to develop what the scisnic
effeocts at SRP would be. No specific assumption or relationship is
endorsed or implied. The purpose is to elucidate that with current
technoleoey the answers to scismic question depends on the assumptions
that one starts with. —

DISCUSSIOI OF APPENDIX A TO 10 CFR 100

The NRC has the responsibility of evaluating the suitability of sites

for proposed nuclear facilities with respect to seismic design. To
determine the suitabilitv of a site it is necessary to have as complete
as possible a description and evaluation of the local and regional
geologic, tectonic, and seismic characteristics. Criteria were developed
to provide a uniform and systematic method of evaluation and assure that
the informatien necessary for an evaluation is available by seismologists
working on nuclear power plants. These criteria were developed with the
knowledae that the sciences involved do not now provide precise data on
earthauake occurrences, and therefore, all criteria are applied in a
rather flexible but conscervative manner. . These criteria are also con-
stantly being reviewed and revised as necessary when nore complete
information becomes available.

To assure nroper desien and function of a nuclear facility, the criteria
established for the seismic design include the potential for the occurence
of two different earthquakes. The first, or overating basis earthguake
{OREY), is the earthquake which produces an intensity of ground motion for
which the facilityv is designed to remain functional and operating. The
sccond, the safe shutdown earthquake (SSE) or design basis eavthquake (DBE),
is the earthquake for which the facility is designed so that all features
immortant to the public safety remain functicnal during and after the
carthouake, and allow for the safe shutdown of the facility.

The determination of the safe shutdown earthquake is accomplished by a
thorouch review and cevaluation of seismic and geologic data of the region,
with particular cmphasis on studving the carthquake history and the tectonic
structures that micht have bearing on the carthguake potential of the area.
The larcest magnitude or intensity earthouske that hos occurred in the
rocion is determined, and where possible is related to o tectonic structure
in the region. [t is then postulated that this earthouake also could occur
anvwhiere alone the tectonic structure, and the vibratory ground metion at
the site is determined by assuming the cpicenter to be located at the point
on the structurc closest to the site.

When the lecaticon of the carthquake cannot reasonably be related to
tuctupic stricture, 1t is asswmwmed that the onrthqnukb can occur at

any site located within that seismotcctopic province. 1If the largest
carthquake in the region occurs in a  seismotectonic province in wiich
the site is not located, it is

a
:
point on the boundary of the provin

chiat the cvent occurs at the

+ oy - 3
t to the site.




I

NPST-78-424

-

The vibratory ground motion from such an event is then attenuated to

the site to determine the maximum value at the site. It may be necessary
to evaluate the effects of several earthquakes to determine which produces
the Iargest acceleration at the site, and this event is then designated as
the safe shutdown earthquake or design basis earthquake.

The opera
as 50 perc
it may be necessarv to consider the maximum carthauake that has occurred
at or near thec site if this is larger than 50 percent of the acceleration
produced at the site by the safe shutdown earthquake. It is considered
that there is a reasonable chance that the operating basis earthquake will
occur during the life of the facility.

PRI 11 AT Ll eala mlaia e s aaa
ol LIl L'LL.\,J.L,I.d.LJ.UlL ULl LIS 3ai UL AUWI ':',d.!.\.,

+hoaitalr e rAvTeT
H

ting basis eartbquake acceleration at the site is usually taken
C C aTenguane; however )

The ¢round accelerations estimated for the site, resulting from the two
eirthquakes, are based on instrumental records derived from strong motion
seismographs, when possibie. However, because of the rather limited number
of strong motion recorders outside California, the accelerations are
generally estimated based on intensity values assigned to the earthquakes.
Although-intensity is a subjective measurc in terms of an arbitrarily-
defined scale, it has been correlated with surface accelerations. lHowever,
there is a good deal of scatter in these data and such correlations should
be used with caution and conservatism. It is assumed that the intensities
occurred or were estimated to occur on bedrock or well comsolidated
material.  When the facility is located on material other than competent
rock such as alluvium, the selected accelerations must be multipiied by

a soil amplification factor to determine the final design accelerations.

SCUSSION OF CORPS OF ENGIHEERS DESIG
In 1975, the U. S. Geological Surveyv developed under contract to the U. S.
Army, Corps of Engincers {USACE or CE), Construction Engineering Research
Laboratory, "Guidelines for Developing Desion Earthquake Response Spectra.
Also the USACE-Waterwavs Experimental Statlon has bccn developing seismic
criteria as part of their studies 'Methodologics for Selecting Design
Parthquakes' and "Earthquake Resistance of Parth and Rock-Fill Dams." In
general, the CE criteria follow the guidelines and procedures of the NRC.
They 1ist the following a3 the method for developing the design earthquake:

1} Study the seismic history of the area to determine the location

and intensity of all feclt ecarthquakes within a wide radius of
the Slte (320 }_"m - 200 mi'lf\c:"! Illsine these data ac+n

FET IS S S R =Y LS 3 & s | W Ll \.‘JLLlUIlS

recurrence relationship for Lhe arca.

2)  EBvaluate the location and characteristics of the faults and
other tectonic structures in the region to determine their
potentiatl for generating ecarthquakes. This establishes the
causative fault or structure. The conservative apvroach uscd
by the NRC may be followed, i.c., moving the carthquake location

to the site of concern or to the ncarcst edge of the tectonic
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3) Determine the attenuation function for the area.

Using the Information obtained from the previous studies, make
an estimate of the maximum vibratory ground motion at the site
bascd on an acceptable level of risk. The ground motion is
determined by moving the earthquakes along the causative fault
or tectonic structure to the point closest to the site and
applying the attenuation relationship. If the earth-

quake is Jocated in the same seismotcctonic province as

the site, it is moved to the site; if located in a different
scismotectonic province, it is moved to the peint on the province
boundary closest to the site and the ground motion is attenuated
to the site. The method of determining intensity and ground
motion is found in the Waterways Lxperiment Station renort.
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6) _ Determine the local seil amplification effects at the site by
a laboratory testing progranm.

7) Revise the response spectra if laboratery testing results
indicate that seil amplification occurs.

DISCUSSION OF CORPS OF ENGINEERS REPORT ON R. B. RUSSELL DAM

In March of 1977 the Savannah District, U. S. Army Corps of Engineers
(USACE or CE)} issued their report entitled, '"Geological and Seismological
Evialuation of Darthquake ilazards at the Richard B. Russell Project.”" The
report presents the results of the extensive geologic and seismic studies
performed by the Corps and their consultants to determine the seismic
hazards which would be associated with the construction of the dam. In

]

+heo ImiractT ot 10an Tavne fallawad +ha r\v’ﬂ(\ndvil'e

g Uae investigation, the LOTPS I011oWed Lhe proceau 5
documents for assessing earthquake hazards in the U. S. and
¥y those contained in Appendix A to 10 CFR 100,

The €E performed an extensive review of the geology and tectonic history
en the region around the proposed dan and detailed field studies in the
vicinity of the site to determine if any active faults werec present.

ihey found no evidence of any active faults (faults showing recent move-
ment), and concluded that all faults investigated were old and inactive.

The historic secismicity of the region was reviewed and used as the basis
for determining the maximum earthquake expected to affect the site. The
Cll considered five sScismotectonic zones, as developed from the historic
scismic activity, within which an carthquake occurrence could affect

the site.  These five scismotectonic zones are the Blue Ridee, Piedmont,
Coastal Plain, Charleston-Summerville, and New Madrid (located in South-
castern Missouri). It was concluded on the basis of the gcologic

studics that it was not possible to correlate, and thereby restrict, the
carthquokes in any of the zones to identifiable faults or tcctonic
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structurc. Charleston-Summerville and New Madrid were considered unique
zones confined to limited areas because of their high concentration of
seismic activity not secn elsewhere in the South-Central and South-
castern Coastal Plain. Since none of the other earthquakes could be
reloted to geolopglc structures, it was assumed that they could occur
anywhere within their respective selsmotectonic zone .

A note of importance reclated to the method used by the CE above is that
at the present time the U. S. G. 5. is conducting a detailed geological
and seismological investigation in the Charleston-Summerville area in

an attempt to determine the cause of the large 1886 earthquake. Similar
studies by others are being conducted in the New Madrid area. These

studies may better restrict these earthquake zones.

The maximum historic earthquake in each seismotectonic zone was

moved  within its respective zone to a point on the boundary nearest

the site, end the ground motions attenuated with distance to the proposed

dam site. [n the Piedwont scismotectonic province, in which the proposed

dam is located, it 1s assumed that the mavimum earthquake within that

zone could occur at the site. The largest historic event in the Piedmont
seismotectonic  zone is the January 1, 1913, Union County, South Carolina,
carthqueke of intensity vII' as reported in Earthquake History of the

U. 5. (Coffman and von Hake, 1973). Using a relationship betwecn intensity
and magnitude, it was calculated that the Union County event had a magnitude
of 5.5. One of the members of the CE's hoard of consultants also calculated,
using the theory of stress drop on faults, the maximum maenitude of reservoir
induced seismicity for the proposed project to be 5.6. Therefore, the

design basis earthquake for the Russell Dam was established as a magnitude

of 5.5 or intensity VII.

Using the MM VII earthquake at the site the CE then determined the peak
ground motions that could cccur. This was accomplished by using relation-
ships developed by the U. S. Army Corps of Engineers-Waterwavs Experiment
Stutien for assessing carthquake hazards for peak ground motions on bed-
rock.  The horizontal acceleration so determined was 0.4 - 0.5 ¢ in the
near ficid, with the vertical component taken to be two-thirds the hori-
zontaly peak particle velocities of 30-05 cm/sce; and displacements up to
20 cnm for an carvthquuake of 5§ scconds duration. The rclationships used to
determine these values were developed from measurced acceleration data for
various intensity levels; however, all the data were from California. The
largest sccelerntions recorded for a Intensity VIT carthquake fall
between 0.4 - 0.5 g level (iwo data points). Apparently the CE used these
vilues In an attempt at conscervatism since the mean value was ahout 0.2 £
and the two duta points were greater than one standard deviation away from
the mean. the CL then Compayred FHEIT Values with those developod by other
investipators and showed cood aoreement,  This was not unexpected since
almost all data avallable for the U'. S, are from California, and are used
by evervone in developing areund motion relationships. This is not to say
that the relationships are incorrect, but to point out the limited mmount
of data available, and that in general our knowledge is influenced by
California expericnces.

'All intensitics are in the Modified Mercalli (MM) scale as given in Richter
(1958). ®here a single intensity is associated with a given carthquake, it
is the mavinum intensity for that earthouake, i.e., the intensity at the
epicenter.

0
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The nrobhahility of ezrthquake recurrence at the dam site was calculated
hw one of the members of the board of consultants. He performed a proba-
hilistic onalvsis using one of the techniques used by seismologists for
rocurrcence calculations. A 0.01 annual risk (100-vear return period) for
a pesk ground acceleration of about 0.07-0.08 g was obtained (see Figure
11, and a 0.0014 annual visk for 0.2 g acceleration (700-year Teturn
peried). Using this analysis, the CE determined the operating basis
carthaquake for design purposes of non-critical items as one that would
result in a peak acceleration of 0.075 g at the site. The value of 0.4
to 4.5 ¢ was determined as the dosign basis earthquake, and critical

structures that could affect safety were designed to this value.

2

ITICISH OF THE CORPS OF ENRINEERS SEISMIC ANALYSIS OF THE RICHARD B.
S

m
b

\
1t
A

The Corps of Engineers study for the Richard Russell Dam has come under
sone criticism recently by several geolegists who participated in a
meeting in February 1978 sponsored by Friends of the Savannah River. A
critical revicw was written by Robert R. Currv of the University of
Montana,  Curry's analvsis of the Corps of Ingineers report has four
principal points of disagreement.

1) The upstream dams are designed to a much smaller peak accelera-
tion than the Richard B. Russell and therefore a small earthquake,
say under Hartwell Dam, might cause the failure of that dam which
would then causc sequential failures of Richard Russell and Clark
Hill. His point is that the Corps of Engineers has not done a
sequential failure analysis as 1s required for nuclear plants.
Thus, he believes that the Corps has not properly informed the
residents of Augusta of the hazards of building the Richard
Russell Dam. ©Of course, the problem is that even without the
Richard Russell Dam the same hazard presently exists, so it
raises the guestion as to whether all dams on the Savannah River
should beupgraded to meet a higher acceleration. -

9

2)  The method of estimating the design acceleration and its return
period for probability of ryecurrence 1is statistically in crror
and dees not have an adequate factor of safetv. e states, ro-
ferving to the Corps eof ¥Engineers report, "It is not correct
statistically to presume that an event of 0.0 annual probability
(a ""100-vear event) will have only one chance cut of one hundred
of occurring within the 100-year dam desien lifetime. In
fact, un event with a 100-year return period as discusscd
in Appendix 1 of the Report has a 64 percent chance of
occurring one or more times dorine anv given 100-venr po

J

m rioad.

The lmplication in the desian carvthquake report is that the
miziinan desian earthquake of intensity VII with a return period
of 2,000 to 2,200 vears would mean that there is an acceptable
risk that such an cvent would not occur within a 100-year
peried.  In fact, there is a 5% chance of its occurrence within
a ld-year porlod.  Such a risk 1s totally unacceptable.”

10
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3) Dr. Curry apparently also objects to the downorading of the
1915 Union County lNarthquake from an intensity VIIT to VII.
However, the Corps of Evaincers is not responsible for this
change; it is buased on informatieon eobtained {rom the Earth-
auake MNisteory of the U, 5, (1973} :nd has been accepted hy
NRC. DUr, Curry also believes that it 1s not proper to leave
the Charteston Earthauake at Charleston but belleves it should
be moved to the dam site.

He also belicves that the fact that there are few strong motion
recorders in this area wmay be responsible for the low accelera-
tions that are postulated. He states that with more strong
motion recorders thﬁ peak acceleration would become 0.855 g, He
also staves that if the Union County Earthguake were to be left
at an intensity VIII, the safe upper limit of acceleration would
be nearly 1.0 g. He reported that in Mexico, an earthquake of
naonitude 5.0 produced dn acceleraticn of 0.5 g 36 km from the
source. T+ this acceleration wovre scaled back to the epicenter,
it would provide a value of accelerution of 1.5 g. One Gf the
Jﬂvn‘.ﬂﬁ-mﬂ: wvith Dr, O 1)}"5 ;1!‘.111)-'5:":- e that he nev mentions

1! o
duraticon in his statcouients about-maximum ac\glc tion. In many.

ra
cases, a single peak in acceleration may not be damaging.

by the lupoundment of water by the dam are inadeguately treated.

In this point, he simply savs that he agrees with Dr. David Snow!'
analvsis (vHLch LaQ doene faor the Corps) and believes that it should

neat s Wnmny As
ER A SILL\'\- [ N Y

A FEUW OTHER CASE HISTORIES

The nature of public hearings now held in conjunction with the development

of certatn projects is such that the prospective owner and opcrator must
prove that there is no undue hazard to the public or the environment,
whereas the intervenors need only demonstrate that there is a reasonable
doubt. 1o this situation geology und scismology often become points of
contention.  Because of the deductive nature of conclusions associated
with thesce sciences, it is difficult to prove scme conclusions beyvond a
reasonable doubt, cven to other geologists and seismologists, since expe-
ricnce and backeround will strongly influence their conclusions and none
have cxactly the same training and experience. Therefore, even though a
scemingly complete and thorough investigation is conducted for the
proposcd project, it is not necessarily geing to be accepted without
questions and pessibly disagrcements.

Once the design basis or safe shutdown carthquake has been established
for a proposed facility and becemesa part of the public record, it is
subject to review. In the case of nuclear facilitics, the first review
is by the NRC and their consultants, usually the Y. S, G. 5. It is

o
[

1} He beliesves the intensities for induced seismicity caused directly

S
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also reviewed by the Advisory Committee on Reactor Safety (ACRS) and
their consultants and the intervenors and their consultants. Data or
interpretation by any of these groups can result in the design basis
earthguake being changed  (usually increased). It is, therefore, very
important that all gcologic and seismic factors be investigated that
may affect the selection of the SSE, and that information obtained and
judgements or methods used in interpretation be defensible under all
conceivable circumstances.

An examnle of this werce the hearings vpertaining to the issuance of a
construction permit for the V. C. Summer Plant located near Parr, SC,
which resulted in the current NRC-s»onsored U. S. G. S. investigations

in the Charleston-Summerville area.

The applicant had performed an analvsis of the geological and seismo-
loglcal characteristics of the region, which included Charleston.
However, Charleston was located in a different geoleogic nrovince (Coastal
Plain) thon the proposed site (Pledmont). It was the applicant's conten-
tion that, becausc the major portion of the historic and present day
seispic activity in Seuth Carclinn is ceonfined teo the Charleston-
Summerville area, the 1886 T = X} event that occurred there should not
be moved. The Charleston cartheouake was attenuated to the site to deter-
mine the intensity (i. = VII) and to obtain the accelerations expccted
from the recurvence of this event. The Union Countv, SC, earthquake

(I, = VII) was also considered as possibly occurring at the site since
the distance from Union County to the site is about 27 km, and the
confidence 1imit on locotion of the epicenter of historic felt earth-
quakes is about #25 km. Based unon an intensity VIT at the site

an acceleration of 0.12 g on bedrock was determined as the SSE. The
Regulatory Staff considered this as not conservative cnough and they
finally azreed on a value of 0.15 g for the SSE at the Summer Plant.

It was the opinion of some of the AERS consultants that this did not
provide cnouah conscrvatism and that the value should he 0,20 g. The
Regutatory Staff's consultants, the ¥, S, G. S. and, at that time, NOAA,
presented data to the ACRS and their borad of consultants in support of
the applicant's S5 acceleration ot the site of 0.15 =. Several of the
ACRS board of consultants felt that the Charleston ecarthquake of 1886
should be moved at lenst halfway to the Sumer site and the ground motion
calculuted (o ¢ value of about 0.2 - 0.3 was determined), however one of
the consuitants “thought the Charleston earthauakes could be moved anyplace
on the castern face of the Appalachian mountains and as far north as

New Jersey. Tt was also suggested that if the cause of the Charleston
carthaquike s not understood, mavbe all East coast nuclear plants should
be built to withstand the 1886 cvent. Tt should also be pointed out that
some of the board of consultants to ACRS agreed with the amnlicant and
Reaulatery Staff,

Tt was finnlly establiished that, consistent with other plants approved

bv the Commission {(Barnwell, Robinson, ete.), the proposcd value of 0,15 g
horizontal ground motion would be accepted in this cuase. This decision

wan notr setting a precedont and other facilities in the reglon would probably

"1, = intensity at the epicenter
Iy = Intensity at the site or point of intcrest.
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have to be designed for 0.20 g accelerations. Table 1 lists the design
ground motion for a number of nuclear and non-nuclear facilities in the
Southecast, Also, because of the lack of information on the Charleston
carthauake, the ACRS and its board of consultants recommended to the
Commission that an intcensive study be undertaken to understand the cause
of the Charleston event, The Advisory Committee on Reactor Safety by
Ietter to the Commission chairman in January, 1977, recommended a wminimum
design of 0.2 g for all new reactors in the East,

The V. C. Summer Plant hearings occurred in 1972; and five vears later
the CE used the same earthquake (Union County, 3C) as the design basis
earthquake for the proposed Russell Dam and developed a peak horizontal
acceleration of 0.4 - 0.5 g. Yet to some this is not a conservative
enough value, and 0.8 - 1.0 g should have been used as the design basis
acceleration. The Tran-Alaska Pipeline, in a highly seismic arca, was
designed for 0.12 g in the M = 5.5 ! (Iz=VII) carthquake region of the

route (Newmark and Hall, 1973).

The question of the 1886 Charleston earthauake has not vet been resolved.
Until it is, the idea of moving  this event is still possible.

During 1975 and 1976 a number of detailed-geologic and seismologic
investigations were conducted in New York State necar the Indian Point
Nuclear Generating Station, and extensive hearings were held before

the Atomic Safety and Licensing Appeal Board concerning the seismicity

of the arca., Seismologists such as Richter, Trifunac, Sykes, and others
were involved in these hearings. Lven though the hearings have concluded,
the discussions have not ended. Aggarwal and Sykes (1978) published a
paper, taking the discussion to the public, showing that a risk of 5 to
11 percent cxisted that shaking will exceed that of the SSE (0.15 g) at
lecast once during the d0-yvear life of the facility. They also take
exception to the applicability of Appendix A to 10 CFR 100 in the eastern
U. 5. It is informative to present their arguments,

Aggarwal and Syvkes (1978) wrote:

"The Indian Point scismic hearings before NRC brought out a number
of problems about the applicability of the existing federal regu-
lations to sites in the Last. By these regulations a capable fault
is defined on the basis of either (1) demonstrated fault movement
vounger than 500,000 yvears or (ii) macroscismicity instrumentally
determined with records of sufficient precision to demonstrate a
direct relationchip with the fault. There is no cvidence for surface
breakage in any earthquake in the central or eastern United States,
with the possible exception of questionable ground breakage during
the New Madrid, HMissouri, carthouakes of 1811-1812., Yet we know
that a number of large and damaging shocks have occurred in these
arcas.  The Ramapo fault is typical of manyv castern sites in that
almost all of the rocks in  the region, with the exception of
scattered postglacial deposits less than 15,000 vears old, arce
older than 150 x 10° vears. tHepce, it is very difficult to tell if
earth movements are as old as 150 x 10° years or if they happened
in the past 2.5 x 10% vears. Thus surface breakace is not a pood

indicator of either "capability" or scismic risk for many eastern sites.

M o= magnitude on the Richter scale.
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"The hearings demonstrated that the word "macroseismicity', which
is not defined in the regulations, is rarely uscd or defined by
scismologists.  Various scientific witnesses differed to a large
extent in their concept of macroseismicity. TFor much of the East,
instrumental data of sufficient prcc1310n,to demonstrate & relation
to prlelb faults are very limited in time. Hence, it is not

. - 1 tatag
ng that ne fault in the central or eastern United States

rpri
has as vet been declared legally capable.

"In the abscnce of canable faults the concept of '"tectonic provinces™

is used in deriving the intensity of the design earthquake from the
historic record of shocks. The intensity at the site is calculated

by moving historic shocks in the same province to the site and shocks

in adjacent provinces to the closest point within those provinces

{if the shocks cannot rcasonably be correlated with a tectonic
structure}., Al L.lUUUH this procedure may appesar conservative in terms of
design safety, it is so only if reasonably large tectonic provinces are
used. At the Indian Point hearings it was cleav that the scientific
witnesses had greatly varying opinions about the size, designation and
concept of tectonic provinces. These ambiguitics can result in a number
of small provinces being invoked to keep critical historic shocks-at a
distance such that their intensities at the site are much lower than
those near the epicenter. Tn the case of Indian Point, this leads to a
design earthquune of intensity VII or VIII depending on the designation
of tectonic provinces.

"The rate of seismic activity along the Ramapo fault and in the East in
general is clearly less than that for major faults in, say, California

or Japan., Although the fedeyal siting regulations put the question of
the capability of a fault as a yes-no decision, the present rate of
movement along faults obviously varies by many orders of magnitude. We
believe recognition must be given to the fact that some faults are more
"capable' than others. Until this is done, the public may well equate
the designation of capability with size and rate of occurrence of
earthquakes like those along, say, the San Andrecas fault in California.
In the context of siting nuclear power plants and other critical facili-
ties, we believe that the rate of activity must be judged in comparison
to 1hﬂ design carthguake of the plant. The rate of asctivity along the
Ramiapo fault 1s such that it probably only warrants concern for critical
facilities such as nuclcar power plants and hObplt&lS for which integrity
must be ensured at a high level of confidence.

PARAMETRIC INVESTIGATION FOR THE SRP SITE
Intensity and Aceeleration Daterminations

An cxamination of the earthquake history of the Southcastern United
States (1754-1975) in the regicn of the site was performed by Tarr

(1977 The locations of both felt carthquakes and those instru-
mentally recorded ave plotted in Fioure 2. The seismotectonic provinces
of the Southeastern U. S. as defined by Hadley and bevine (1974) are

shown in Figure 3, Using these data it was determined that three
historic carthquakes were of great interest to the SRP site, and would
be used inoa parametric Stwdv The carthquakes considered were the
larvest in the region— the 1856 Charleston earthquake of intensity
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X (magnitude M~ 7.0); the 1913 Union County, SC, event of intensity

VII (M v 5,0-5.5)~ the largest in the Picdmont; and the Wilmington,

NC, quakes of 1854 and 1953 with an intensity VI (M Vv 4-4.5) - the

largest in t Coastal Plain Prevince cxcluding the Charleston-

Summerville area. 1t was concluded that it would also be useful to
investigate the eofiects of a postulated carthquake oeccurring on the

Belair Fault near Aupusta, GA. It should be pointed out that the current
regulatory position is that a recurrence of a Charleston earthquake 1s
confined to the histeric epicentral area between Charleston and Summerville,
SC, and that the Belair Fault 1s not counsidered capable; however, because
of the lack ol suilicient data both these positions are considered possibly
subjeccted to change.

In performing this parametric study, the various procedures outlined in
Appendix A to 10 CFR 100 wvere evaluated to determine the effects on the
site of the following different hypothescs:

13 The coarthauakes were assumed to be assoclated with a geologic
-structure, such as a fault, in the arca of maximum intensity,
and se {ixed to the historic epicentral region. The cpicentral
intensity was then attenuated to the SRP site.

ro

e

The carthquakes were moved to the point on the boundary of

the seismotectonic province in which they occur ncarest the
site, or to the site 1f in the same province. The intensities
were then atitenuated to the site. (The Charleston earthquuke
was confined to a reglon extending northwest as far as Bowman,
5C.)

3 Tt was assuned that no knowledge of the causative mechanism
undariving the earthquake process was available, and thus, the
sciswmic cvent could oceur anvwhere in the Southeastern U. S.

There are nuncrous attenuation relationships found in the literature.
They are of the general form:

I [S,RJ = (185 + Cp + C:3(R+I‘O} + Cy U\‘.*l’o)

vhere 1. is the intensity at the site of interest and Cy, C2, C3, Cu, -
and rg are constants, S is the size of the earthquake in intensity,
magnituwde or acceleration and R is the epicentral distance in km. For
coLpiridon Sy cttenuntion velationships were used to determine the site

intensity.  These are listed below:

1) Iq(R) = Ie + 5.7 - 0.0052(R) - 2.83 log R
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developed from the Charleston 1886 cvent by Bollinger (1977);

2) I (R} = Ic + 3.1 - 1.34 In R

3) I f(R) = Ie + 3,278 - 0,0029R - 0.989 1InR
s

developed for the Central and Eastern U. S. by Howell and Schultz (1975);

4 I (R) = I +3.7-0.0011(R) ~ 2,7(log R)
developed by Gupta and Nuttli (1975) for the Central Y, S.:
5) IQ =Ip+0.15— 17 log R

developed for California by Neumann {1954); and

6) graphical relationships of attenuation for the Eastern U. S. devcloped
by DBrazee using historical data {1976) shown in Figure 4.

i ms mact ~AF +la a3 I oy A P T T e N PRI ¥ | o .
SLINCC NGS5L O1 THe ntis Lo ddLd DI edrLndgualkes It Ce UasTeTh . o, are
in terms of intensity, and design is in terms of acceleration at the
site, it 15 a necessary requirement that accurate acceleration/intensity

relationships exist. leasuved acccelerations and assigned intensities

were first related in the carly 1900's. As the number of strong motion
seismographs increased in active earthquake zones, empirical correlations
of this sort were developed by over 40 investigators. For this.

study it was declded to use only those that are more common and appear
often in the literaturc such as those shown in Figures 5 and 6. The

neral form of the cquotions of these lines (through the mean values) is
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where m; and m2 are constants, and oy, is the horizontal acceleration.
Figures 7, §, and 9 show the data from which some of the relationships
were developed; the laree amount of scatter in the data is evident.
Figures 7 and 8 are in terms of the near ficld and far field accelera-
tiens, whore the near field is defined in Table 2.

Using the possible carthouakes identified and the attepuation and
acceleration/intensity relationships chosen, the alternate
nypotheses for the occurence of the seismic sources were examined.
spec1f1c detalls are presented in Tahle 3. The magnitude and
intensity of the postulated cvent occurring on the Belair Fault were
determined from rvelationshivs developed using California data on
rupture length vs. magnitude. It was assumed that siip would occur
along the cntive 21 km length of the fault. Table 4 shows the values
of magnitude obtained using five different relationships.

To be conservative the Richter magnitude value of M v 7.0 was used to
calculate the intensity using Richter's [1958) relationship

which gives an epicentral intensity IX.

By applving the attenuation relnt1onq11ps to an earthqudke of the
glven intensity in fhe source regions prescnted in Table 5, the site
intensities were determined., These results are presented in Table 5.
When the earthquakc occurs at the site no attenuation was assumed,

Bv choosing the anpropriate intensity level at the site the corresponding
horizontul accelevation can be determined for a design basis. Various

values of acceleration for intensity levels fTOm IV to X are presented
in Table 6. The data used in developing the different relationship were from
California except for that of Awmbrasevs (1973) and Murphy and O‘Rrion (1977
who used worldvide data.  Neumann (1954) and the Corps of [Ingincers {19875 and

1977) developed relaticons for hoth the near ficeld (NF) and the {ar fl 1d (')
In ¥eouvmann's relation, the near ficeld was 25 km and the far ficld wos 160 ki
In the Cﬂ”p% of Ingincers study the near ficld varicd with the size of the

vread hyu Fha Do
wWas o used LS A U B St SR A P

R s B - Lo L0 N, Ry ] Tl PR T e

Ccar anulm., a5 snown In raoglc o, fhe same dota basc

and by Prifunse and Brody (1975). 0 Tor the Corps data, where available,
values of one and two standard deviations are given, as well as the maxamun
recorded value. Also aiven in Table 6 1s the strong motion acceleration
recorded ut the Citadel Lolicpe in ¢harvieston during the November 22, 1974,
carthquake of VI intensity and a maguitude of M = .7, ‘
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A ‘xnvlc peak ncceleration value alone is not an effective measure of
(he damaging noLentl al of an eqrthquq}e. Oniyv when the estimated mean
value of the peak acceleration is combined with other parameters, such
a= the size of the carthquake in energy or magnitude, the duration, and
the frequency distribution can a reasonable description of the ground
~ation be obtained,

Dooaurrence Rate Determinations

One of the priwirv uses of seismicity data is to establish the
carthquake recurrence rate.

1t was demonstrated by Richter (1958) in California and elsewhere in
many parts of the world by Evernden (1970} that earthquake recur-
rence generally followsan empivical linear relationship

loc

fal

N‘1 = a - bM

where N“ is the number of earthquakes occurring in a given time period
within the region of interest with magnitudes equal to or greater than
\: the constant a is the seismicity index of the region and is dependent
upon the size of the region considered and the length of the time period
involved; and the constant b is the severity index and is generally in
the range of §.8-1.0. for most arcas of the world when magnitudes are

used in the equaticns.

A consistent assumption is then made that the intensity level in a
rcgion is proportional to the number of events in the same way:

log N. = a - bI

—

Where 1s the number of earthquakes occurring in a given time period
within {hL region buing investigated with intensity greater than or
cquil Lo_[c. In the U. S. the values of b generally ranve from .35 -
0.65 where intensity is used in the equation. The lincar relation

wirunlly holds within the range of intensitics IV-VIII. ‘Ihis is because
the record of higher intensitics is complete for a longer period of time
Ciuin small events (r = I-JIE); the larger cvents are morve apt to be

felt over large arc aa and rcp01tcd 1t is also a possibility that at
the very Iarge intensitics the number of events are less, causing '
the curve to bend downward,

MeGuire {1977) has stated:

"
As few as five or ten enlthqquL obscrvations arve adequate to

define the occurrence rate in an arca, for the purpesc of deriving
risk-associated desieon intens ”

1t i1; Thea
inrel L1es, it

P

: - seismic history of the
Lastern U, 5. is not, however, adequate to define ace ‘urately the

I8
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maximum possible intensity in chosen source areas... The "b" value
describing the relative frequency of small znd large events cannot
be determined uncequivocally because of different possible inter-
pretationsof seismic history and different methods of numerical
analysis. It is evident, however, that variations in 'b" values
from arca to area in the Eastern {J. S. can be attributed to statis-
tical variations resulting from small numbers of events available
to make the determinations. Thus, it is recasonable for the purpose
of calculating design Intensities +£o adopt a single value of "h"

At tla Ly U altiad LML LLLALES ULV G Sl d T Vadlue Y

for the Lastern U. S.”

In Table 7 an example of various values for the recurrence equations
obtrined from the Eastern U. S. repion and areas within the region is
given.

From Table 7 thc effect of the size of the region being investipated

on the "b" value can be seen. Once a recurrence equation for an area

has been determined, the earthquake recurrence ratio can be calculated,
Because of the lack of data on seismic sources in the Eastern U, S.,

there is reason to accept McGuire's suggestion and use one value for the
entirc region. The vplots of several of these curves are shown in Figure 10,

For the Eastern and Southern U. S, the "b" value is between 0.5-0. 6
however, if the Charleston earthquukes are considered and the region
of investigation decreased to a morc specific area around Charleston,
these events dominate and tend to lower the b value because of the

PdULlL\ of smaller events.

In the study for R. B. Russell Dam, the CE (1977) and their consultants
cliose to use a value of 0.36 which appeared to be low, and they state
that the catalog of seismic events used, with an incomplete recording

of intensity V and less events in the Piedmont, may explain the 1ow
value.

.

igk Analysis

To perform a probabilistic seismic hazard analysis of any given site,
it is necessary to define the scismicity of the region surrounding

the site. It is necessary to determine the source of seismic acti-
vity and the rate of occurrence of cvents for cach source or source
area, to cstimate the relative frequency of different size events

and to decide on the applicable attenuation relationship for the region
and the maximum possible size of events for cach source.

As can be scen from the preceding discussions, there are large uncertain-
ties in the seismic sources in the Lastern U. S., '"b" values, attenuation
relationships, and maximum vossible size of events. For this reason
there are uncertaintics in any risk assessment and different values of
Tisk will be obtained, dependent upon the parameters chosen for the
analvsis

)
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To illustrate this, Table 8 shows the results of a risk evaluation for
two nuclear power plants in the Southeast. The risks were calculated
independently by seven experts in the field of seismology as part of a
study sponsorcd hyv the NSF orogram, Rescurch Applied to National Needs,
and reported by Ohvent (1973). Using the same basic data taken from
the PSAR's and FSAR's each individual determined the seismic hazard
associated with each site. The results of the study show that, based on
the judgements used, therc werce differences between the risks obtained
from the seven experts.

Risk analyvsis was performed for the SRP site using the method of McGuire
(1976} to compare results using the different source areas discussed
in the preceding sections. These scurce areas arc shown in Figures

11, 12, and 13. Thesc seismic source cases represent the condition in
which a large Charleston 1886-tvpe scismic event can occur anywhere in
the Southeast, where the seismic sources are limitced to certazin seismo-
tectonic regions and where the seismic source is confined to the
historical epicentral area. The Ceastal Plain activity up to and
including a Wilmington, NC - type event was considered as background
seismicity. The probabilities were calculated using two different
attenuation relationships and three b’ values for ecarthquakes of
intensity V-X. The results were determined as the probability of -
exceeding an intensity level,

Using the attenuation relationship of McGuire (1977) and Howell and
Schultz (1975) and a "b" value of 0.50, a significant difference in

the seismic risk at the site was obtained for all three seismic source
configurations. The results are shown in Figure 14. The results also
indicate very clearly that only when the earthquaokes are assumed to
occur anvwhere in the Southeast is there a large difference in the risk
for various cases. The difference between confining the seismic source

to the historic cpicentral arca or te the seismotectonic zone is much
less than the uncertainties in the method. All cases were repeated- with
two other "b" wvalues used; however, the effect of the different 'b"
values was nowhere as significant as the attenuation relatienship. The
lower "b'" wvalues increase the frequency of the larger earthquakes with
respect to the smaller and a small increase in the risk value for the
hipher intensities was noted, but again, the increases were small in
comparisen te the change caused by the attennation relationship. The ''b"
value of 0.5 used in the calculational results shown in Figure 14 is a
fair averacc vialue for the Scoutheastern U. S.

The calculation of the risk for any time period may be obtained from the
aunual risk given by these calculations. Assuming that the risks in Succes-

sive years arce independent, the risk for the life cxpectancy of a facility
may he ebtained using the relationship ' e

_ _ poan
Ro=1 - (1-k,)

which calculates the risk Rn in n vears wvhere R\ is annual risk,
i

24




DPST-78-424

As pointced out by Anostelakist (1978) probabilities are measures of the
degree of heticef., As shown in this section, thev are a function of the
relationshins in which the person caleculating the probability places
his belicf, Consequently, it is difficult to talk about true values of
probability as related to seiswmic risk.

CONCLUSTIONS

This parametric study has shown that by following the criteria of Appendix
A to 10 CFR 100 it is possible to arrive at scveral different conclusions
regarding the seismic intensity at a given site and, therefore, the design
around motions and risk. These conclusions are a function of an individual
investivator's experience and judgement concerning the seismic activity

and the causes thercof, the attenuation relationships for the area, the
Tecurraince of seismic events in the area and the intensity-acceleration
relationships.

As shown in Table 3, there are three possible source areas in the Lastern
U. §. for each earthquake, since there arve not enough data to relate the
historic events with any tectenic structure. There arce at least six
attenuntlon relatienships that vorious seismologists have proposed for
the Eastern U. S. that one can use to attenuate the intensity from the
epicentral regicn te the site. Table 5 shows the effects of these two
paramcters on the intensity one could determine for the SRP site. A

few of the possible site accelevations for different intensities ave
shown in Table 6, which indicates the ranse in valucs that could be
determined depending on the individual's judzment. Shown in Figure 10
arc a fow of the recurrence relations that have been developed for the
Fast; however, each of these is dependent upon the data base chosen by
the investigators. TFinally, Table 8 and Figure 14 show the effect of
the judements made concerning all the previous parameters on the prob-
abillity of excecding a given value at a sitc.

The analysis of the seismic design and risk for any critical facility
does not at this point in time have a correet answer, only believable
ones which depend upon the judement and experience of the individual.
[t is thorefore bopovtant thet a conststent, conservotive, analyviais be
adapted - for SRP based upon realistic eveluations of the existing data
basc. Bocause of statistical uncertaintics a prebabilistic aporoach
will b more meaningful than an empirical deterministic analyses.
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TABLE 1. DESIGN GROUND MOTION FOR FACILITIES IN THE AREA

FPealk Forizontal

Foellity Location Acealeration (a)
Nuclear
SRP Aiken, SC 0.2
AGKNS Barnwell, SC 0.2
A. W. Vogtle McBean, GA 0.2
E. I. Hatch Baxley, GA 0.15
V. C. Summer Parr, SC 0.15 rock
(seismic category I, dam at reservoir) 0.25 soll
Oconee Oconee, 5C g.10
Catavba Rock Hill, SC 0.15
Westinghouse Fuel Anderson, SC | 0.14
Fabrication
Robinson Hartsville, SC 0.20
VA Hospitals Atlanta, GA 0.13
Augusta, GA 0.13
Charleston, SC .25
Columbia, SC 0.10
Dams
R. B. Russell GA-5C Border 0.4-0.5
Clavk Hi1ll GA-5C éoxdel UNK
Hartwell GA-SC Border UNK




TABLE 2. Limits of th

e 2
Between 5.0 and 7.5.

Mear Field for Richter Magnitude Earthquakes

Richter Mozt mam
Goriiuis o Intensity Rodivs of Recr Field (EM)
5.0 VI 5
5.5 V1l 15
6.0 VITI 25
6.5 X 35
7.0 X 40
7.5 X1 45

After krinitzsky and Chang (1975)
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X (magnitude M~ 7.0); the 1913 Union County, SC, event of intensity

VI1 (M v 5.0-5.55- the largest in the Piedmont; and the Wilmington,

NC, quakes of 1881 and 1938 with an intensity VI (M~ 4-4.5)— the

largest in the Coastal PMain Province cxcluding the Charleston-

Summerville aren. Tt was concluded that it would also be useful to
investigate the efiects of a postulated carthquake occurring on the

Belair Fault near Augustn, GA. It should be pointed out that the current
regulatory position is that a recurrence of a Charleston earthquake is
confinad to the historic epicentral area between Charleston and Summerville,
S8C, and that the Belair Fault is not considered capable; however, because
of the lack of sufficient data both these positions are considered possibly
subijected to change.,

In performing this parametric study, the various procedures cutlined in
Appendix A to 10 CFR 100 were evaluated to determine the effects on the
site of the following different hypotheses:

13 The ecarthguakes were assumed to be assocliated with a geologic
-structure, such as a fault, in the area of maximum intensity,
and so fixed to the historic cpicentral region. The epicentral
intensity was then attenuated to .the SRP site.

r3

e

The earthquakes were moved to the point on the boundary of

the seismotectenic province in which they occur nearest the
sttc, or to the sits if in the same province. The intensities
vere thon attenuated to the site.  (The Charvleston earthguuke
was confined to a region extending northwest as far as Bowman,
SC.)

3) 1t was assuwed that no knowledge of the causative mechanism
underiving the earthquake procecss was available, and thus, the
seiswic event could occur anvwhere in the Scutheastern U. S.

There are mumerous attenuation relationships found in the literature.
They are of the eceneral form:

FIS,R]L = €38+ Gy + GaRer ) + Cu(Rer)

wvhere T4 is the intensity at the site of interest and €,, Cz, Ca, Cu,
and rg are constunts, S is the size of the earthquake in intensity,
mirenitude or acceleraticon and R 1s the epicentral distance in km., For
conurinen =X attenuntien reolationships were used to determine the site
intensity.,  These are listed below:

1; L (R) =1+ 3.7 - 0.0052(R) - 2.88 log R
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Charleston 1886 earthguake X
Unian Cotinty. SO 1013 VIl
VITION LWULHLY, Sw, 1413 Voo
carthrunke
Wilmingten, NG, 1584 and Vit
1958 carthquakes
Postulated IX*r

P

Souree Areq

llistoric epicentral region

At edge of postulated Charleston
Block near Bownan, SC

At Site

Historic ¢pleentral reglion

Boundary of seismotectonic nro-
£%e] < - motectonic Pro
vinve near Augusta, G5

Within scisetectonic province,
At site

Alang Belalv Pault near Aupusta

* Obtained from Larthquake History of the U. S.

& (alculated

and other sources
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TABLE 4. Magnitude Obtained from Rupture Length

Felationship used Magnitude

lousner (1970)

o8N

Alvermissen (196%9) based only on San Andreas fault
Kine and ¥Xnonoff {1969)
Benilla and Buchanan (1970)

Tocher (1958)
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TASLE 5. Intensities [I (R)] Determined for the SRP SITE for Four Source Areas '(Ie) and Six Attenuation Relationships
s
SEISMIC EVENT
. e :‘-’Z:ZJ’-"."'-:P’-Q‘:OYI Eelair Fault
Chapleston 1= tnion Cownty, SC I =VII ve I =vI hugusta, CA I _=IX
Carpran Ty . ; Dt ey o At STt intopios eniooniar At Sit At Site Near Aumustl
Sinras area iat o S S oo HE G e e g b
" 103 5 e
ATTENUATION
fELATIONSHLP
Bollloger VI - VII VII VITI X i1 - 1V Vo~ VT VIl VI VIT - VIII
Motuire VI - VII VII - VIII X 11l - 1V Voo VI VII V1 V1l
Howell & Schultd VIl - VIIT VI - IX X vV - vl VI - VII VII VI VIIT - iIX
Neumann [11 - 1V 111 v X I I1 VII Vi T11 - 1V
Gupta § Nuttli VII - VIEL VITI 1X X Iv - v VI - VII VIT VI VIII - IX
Brazes vV - VI VITE 1X X v - v Vi Vil VI VIII
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TABLE 7. RECURRENCE RELATIONSHIPS

Eastern U. S,
Algemaissen and Perkins {1976) log NI= 3.02-0.58 Ie
McGuire (1977) log NI: 3.08-0.50 Ie

(range. of 'b' determined
fo be .45-.57)

Southcastern U, §.

Bollinger (1972, 1975) log NI: 3.01-0.59 1
Rrazee (197¢) In N = 0.0668-.5663 I

South Carolina-Georgia (including Charleston area)

Stephenson (determined the recurrence relationship for South
Carclina and Ceorgia by using the historic data
of the last 100 years to be)

log N.= 1.50-0.42 1
g N .

South Careolina

Bollinger [1972) exclusive of log N_= 0.52-0.31 1
Charleston-Summerville area 1 €

Long (1973) dctermined the "b"Y value in terms of magnitude for
McCormick, SC, area to be -1.3 M

Tarr (1978) exclusive of Charleston- log N = 3.28-0.44 1
Summerville
wvhere NC is the cumulative number.and
for Charleston-Summerville arca log N = 2,35-0.25 I
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