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APPLICANT EVALUATION OF TRIFUNAC REPORT ON
VIRGIL C. SUMMER NUCLEAR STATION
SEISMICITY STUDIES

INTRODUCTION g

Professor M.D. Trifunac has written comments on seismic studies
performed in connection with the Virgil C. Summer Nuclear Station, dated
September, 1981. Trifunac's comments are based, in large part, on
studies that are not applicable to the site, or on a misunderstanding of
the bases for the seismic studies submitted bv the Applicant. In order
to clarify these issues, the Applicant addresses the points that Trifunac

raises.

INSTRUMENTAL VERSUS DESIGN ACCELERATION

Trifunac's comments imply that design or effective acceleration
(the acceleration at zero period in a spectral response diagram; i.e.,
the acceleration used to “anchor” the design spectrum) can be compared
directly with the peak instrumental acceleration. For example, in his
Figure 1, which is referred to repeatedly, the OBE and SSE vertical lines
at 0.10g and 0.15g, respectively, are compared, or mingled with, 3,
the peak “y{nstrumental” acceleration. Because strong motion accelero~
graphs may record high frequency acceleration pulses that have 0o effect
on structures, particularly for ground motions close to the causative
fault, the two are not equivalent. The Diablo Canyon plant, as a recent
example, uses 1.15g {nstrumental acceleration and 0.75g effective or
design acceleration, which value was upb;ld ;ftcr years of hearings. The
Diablo Canyon ratio is 0.75/1.15 or 0.65. Trifunac generally has agreed
with such concepts as can be inferred from statements {n his s~ientific
papers, €.g.: “~ ... serious damage to structures comes predominantly
from long shaking and not from one or two high-frequency, high-accelera-
tion pulses which, because of their short duration, may represent
only small, impulsive excitation.” (from Trifunac, 1972). Also: "Fin-
ally, it should be pointed out here that from the practical earthquake

engineering point of view, high acceleration amplitudes should not



necessarily be associated with a proportionally higher destructive po-

tential. An extended duratinn of strong ground motion and high ac-
celeration amplitudes characterize destructive earthquake shaking, while
one or several high-frequency high-accleration peaks may, in fact,
constitute only minor excitation because of the short duration involved
and may lead to only moderate or small impulses when applied to scruc-

tural system.” (from Trifunac, 1976). y/

ESTIMATES OF PEAK ACCELERATION

Trifunac's commentary rests very largely on regression analyses
performed by himself, either individually or with associates. Work by
other authors on regression analysis of strong motion data is ignored.
On the second page of the section entitled "General Consideratioms,”
Trifunac begins the first full paragraph with the following statement:
“The body of the strong motion data which is now avallable is not ade-
quate to find the form of the distribution functions of the amplitudes of
peak recorded ground accelerations.” Concerning this statement, there
are two pertinent comments. First, in making this statement, Trifunac
renders his commentary unexaminable. Second, the statement is not
correct. For example, the distribution of peak ground acceleratioms, for
given levels of MM intensity, was studied by Murphy and 0'Brien (1977).
Attached is Figure ! from Murphy and O'Brien, showing distributions of a
set of 67 pairs (two horizontal components) of peak ground acclerations
corresponding to MM intensity VI. These data are from a study by Trifu-
nac and Brady (1975). Two distributions are shown: one about the arith-
metic mean (82.46 cn/lecz) and the other-about the geometric mean
(51.98 ca/locz). The distribution about the geometric mean matches the
normal distribution quite well, 1i.e., peak ground accelerations are
approximately lognormally distributed. This refutes Trifunac's claim
that the data now available are not adequate to find the form of the

distribution function.

Note that the arithmetic mean exceeds the geometric mean by a
substantial margin. This largely accounts for the difference between the
Trifunac and Brady (1975) and Murphy and O'Brien (1977) intensity-

acceleration correlations. Trifunac and Brady computed arithmetic means

1/ i.e., Trifunac ( 1976 b).




of peak accelerations for each intensity level (their Table 3) and then
fitted these means with a linear equation relating the logarithm of peak
acceleration with intensity (their equation 1). Because Trifunac and
Brady assumed normal rather than lognormal distribution of peak accelera-
tions, the results of their regression analysis are seriously biased, as
shown by Murphy and O'Brien ('977).

In subscquent work, both with intensity and magnitude data, Trifunac
(1976a, b) performed regressions using the logarithms of peak ground
accelerations, but adopted an unorthodox regression scheme, the statis-
tical meaning of which carnot be ascertained. In his work on intensity,
Trifunac (1976a) used the same data set as did Trifunac ard Brady
(1975). Comparison of the results of these studies shows that Trifunac
(1976a) obtained practically the same mean values as Trifunac and Brady
©1975), indicating that he again used arithmetic rather than geometric
averaging. The results are not directly comparable because Trifunac
(1976a) includes site geology as a regression parameter. In doing so, he

reduces the population of his data cells considerably.

Tables 1, 2, and 3 compare various estimates of peak horizontal
ground acceleration for Modified Mercalli intensities VI, VII, and VIII.
Estimates are given according to Murphy and O'Brien (1977; equatiom 9),
Trifunac and Brady (1975; equation ! and Table 3), and Trifunac (1976a;
Table III). The means given in Figure | of the Trifunac report corres=-
pond to Trifunac (1976a) for s = 2 (rock sites). These exceed the
expectarions given by Murphy and O'Brien '(1977) by factors of about 2.
The acceleration given by Trifunac for intensity VII (177.8 cn/nccz)
equa’ls the expectation of Murphy and O'Brien (1977) for intemsity VIII.

The results of regression analysis similarly performed by Trifunac

(1976b) using magnitude data are likewis: marred by errr.eous statistical

:teatnent;/ Such work r uld not be used in appraising peak ground

accelerations for the Virgil C. Summer Nuclear Station.

As noted above, a further difficulty in applying Figure 1 of Tri-

funac in assessing design accelerations is that the difference between

1/ i.e., Inapplicable distribution function.




peak instrumental acceleration and design acceleration is overlooked. If
adjusted for statistical error and for the difference between design and
free-field instrument acceleration, Trifunac's Figure 1 would indicate
that the SSE design acceleration is appropriate for ground shaking of MM
intensity VII, or ground motion due to an earthqiake of magnitude 5 to
5.5 occurring in the immediate vicinity of the site.

In summary, the methodology used by Trifunac in estimating peak
accelerations for given intensities and magnitudes leads to over-
estimation of acceleration. Thus conclusions regarding the inadequacy of

the SSE are inappropriate.

VERTICAL ACCELERATIONS

Trifunac suggests that the ratio of peak vertical accelerations
to peak horizontal accelerations should be close to 1, and cites a
"number of recent recordings™ to substantiate this view. These record-
ings are apparently from magnitudes greater than 6. For smaller mag-
nitudes in the range 4 to 6, the vertical-to-horizontal acceleration
ratio is closer to 0.5.l/This was documented by the Applicant in section
361 of the FSAR, Figures 361.17.4-20 through 361.17.4-23. The data from
the Monticello accelerograph support this: The ratio for the 27 August
1978 earthquake  computed as the vertical peak divided by the average of
the two horizontai peaks, is 0.34.

SOIL AMPLIFICATION

Trifunac questions the Applicant's'and- NRC staff's conclusion that
the August 27, 1978, earthquake recording on a soil site represents an
amplification of wave motion through the soil. To support his argument
he cites Trifunac and Brady (1975) to assert that "average of peak
accelerations recorded on rock is higher than the average of acceleration
recorded on soil and alluviué?z More recent studies, by Campbell (1981)
and Joyner and Boore (1981), which include consideration of near-field
records, conclude that level of accelerations recorded on soil and rock
are sinilar%/ The ascelerations discussed above refer to free-field
accelerations. The potential that the SMA recording represents on
amplified response of a natural hill-like structure is discussed below.

1/ We note that Dr. Luco reports observations consistent with those of Applicant on this mat
2/ i.e., For a given intensity level.
3/ i.e., For the same magnitude and distance.



The SMA instrument is located on the abutment between Monticello
Dams B and C. An examination of the toﬁogr:phy of this region indicates
that the instrument site is located almost at the top of a hillock that
is partly man-made and partly na:urgl. The surrounding region slopes
down rapidly around the area formed by the dam crests and the abutment
area with the surface elevation of 300' in the region of epicenter.
Thus, the SMA recording, in all liklihood, does represent an amplifica-
tion of the hillock responding to the free field acceleration. Nonethe-
less, the Applicant has conservatively assumed that no such amplification
has occurred in its use of the SMA recording of the August 27, 1978,

earthquake to evaluate earthquake sc. -ce parameters.

EARTHQUAKE STRESS DROPS

Trifunac states that stress drop estimates in California are
highly variable; this is certainly true when these estimates are made in
the frequency domain from long period level and corner frequency obser=-
vations. [However, when stress drop estimates are made from time domain
data (specifically, observations of am), they are quite stable and
invariant for California earthquakes (Hanks and McGuire, 1981). The
latter is the methodology used in deriving an appropriate stress drop
value to characterize reservoir-induced earthquakes at Monticello.

The comparisons of peak-acceleration-to-stress-drop ratio by
Trifunac is invalid. The stress drops used by the Applicant are derived
from a ; those cited in‘Trifunac'a réfer}ncec are determined by
spectral methods, which are often one-tenth the value determined by
a_ o for the same earthquake (Hanks and McGuire, 1981). Thus the dis-
crepancy found by Trifunac 1is easily explained by the factor of ten
difference in stress drop estimates by various methcds, and does not

imply that the Applicant's peak acceleration estimates are low.

PROBABILITY STUDIES
Trifunac finds, in his Tables | and 2, return periods for the

SSE that are substantially different from those presented by the Appli-
cant in Tables 361.19-1 and 361.19-2. The Applicant's analysis was based
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percent during a 0.22g near-field earthquake for structures originally
designed for a 0.15g far-field earthquake, and not solely because it is
peraitted by the Regulatory Guide. The 7 perceat damping was verified by
test data that were discussed extensively in the Diablo Canyon ALAB
hearings. The decision of the same ALAB hearings acknowledged that 7
percent damping is appropriate. .

The effect of structural damping used in the analysis is to control
the amplified motion from the input to the top of ihe building such that
;he smplification factor matches the recorded data in general. 1In the
reevaluation of the Virgil C. Summer Station design, the resulting
amplification factor based on 7 percent dampipg was 3.0, which is gen-
erally higher than recorded amplifications. In the original design with
2 percent damping, an amplification of 4.75 was obtained. This large
amplification factor is totally unrealistic., The value cof 7 percent was
used to provide calculation of realistic, but still conservative, struc-

tural response.l/

EFFECTIVE ACCELERATION 2/

Trifunac disputes the SER statement that "the finite size of large
structures would attenuate high frequencies” claiming that it has uot
been demonstrated so far, and that it does not reduce the high frequency
input wmoticas significantly and systematically to warrant its use in
design calculations. The reference cited for this claim (Feng, et al.,
1982) is unavailable to the Applicant. Hovever. in a recent study,
Cazmpbell (1981) reports comparisons between small building/free-field
recordings (115 components) at ground level, 'nd recordings obtained in
the lowest basement of large buildings (40 components). Campbell found
that peak acceleration recorded in the basement of large buildings was on
the 24'percent lower than that recorded at ground level. This result was
found to be significant at the 90 percent confidence level,

The damping values of 5% and 7% conform to R.G. 1l.6l.

A more accurats title for this section is: ATTENJATION EFFECTS
OF LARGE FOUNCLATIONS.

3/ i.e., The avetage 24 percent.

4/ i.e., In small buildings or in the free-rield.
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TABLE 1

PEAK HORIZONTAL GROUND ACCELERATION
ESTIMATES FOR MM INTENSITY VI 1/

Accelerations
for ~-/+
Assumed Expected 1 standard
distribution Lccelcraiion d viatign
Author function (cm/sec”) (cm/sec”)
Murphy & 0'Brien
(1977): Eq. (9) Lognormal 56.23 26.55/128.78
Trifunac & Brady
(1975): Eq. (1) Normal 65.16
Table 3 82.46 4.79/160.13

Trifunac (1976a)

S=0 (alluvium) ? A6,77
S=] (intermediate) 66.07
S=2 (rock) 91.02

1/ Althcugh the calculations give results to 2 decimal places as reflected here,
accuracy is not implied beyond the decimal point.



TABLE 2

PEAK HORIZONTAL GROUND ACCELERATION
ESTIMATES FOR MM INTENSITY VII &/

Accelerations
for -/+
Assumed Expected 1 standard
distribution accelernfion deviatign

Author function (cm/sec”) (cm/sec”)
Murpny & O'Brien )
(1977): Eq. (9) Lognormal 100.00 43.67/229.09
Trifunac & Brady
(1975): Eq. (1) Normal 130.02

Table 3 131.29 69.99/192.59

Trifunac (1976a)

S=0 (alluvium) ? 93.33
S=] (intermediate) 128 .82
S=2 (rock) 177 .83

'L/ Although the calculations give results to 2 decimal places as reflected here,
accuracy is not implied beyond the decimal point.



PEAK HORIZONTAL GROUND ACCELERATION
ESTIMATES FOR MM INTENSITY VIII =

Accelerations
for ~/+
Assumed Expected l standard
distribution acceleragion deviatign
function (cm/sec”)

Lognormal

82.61/25C.73
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Figure 43

SEISMOCENIC ZONES IN SOUTHEAST U.S.
USED BY ALCERMISSEN AND PERKINS (1976)

1/ Correction of Figure No.
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