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Gerald A. Frazier, being of legal age and duly sworn,

deposes and says as follows:

l. I am president of Del Mar Technical Associates and

Research Associate at the University of California at San Diego.

My educational background includes a Bachelor of Science, Master

of Science, and Ph.D. in Civil Engineering from Montana State
University. I have worked in seismology for ten years with

h

university affiliations at either California Ins'titute of
Technology or the University of California at San Diego

throughout this time. I have conducted several research studies





to investigate the characteristics of earthquake ground motions

and to examine earthquake resiliance of structures. Additional

information is contained in my testimony before the Atomic Safety

and Licensing Board.

2. The purpose of this affidavit is to examine strong

motion data for the Imperial Valley earthquake of 15 October,

1979 and to determine if these data influence the design response

spectrum used in the reanalysis of the Diablo Canyon Huclear

Power Plant. Nith more than 30 strong motion stations located

within 30 km of the ruptured portion of the Imperial Pault,
useful information is provided on the distribution of ground

accelerations over essentially all orientations and distances

with respect to the surface rupture of this earthquake. While

the instrumental ground motions add significantly to previous

informaton on the characteristics of near field ground shaking,

the recent data fits remarkably well with the trends demonstrated

by other earthquake data.

3. Several recording stations (at least five) were

positioned nearly directly in the line of rupture, within about

one kilometer of the surface expression of subsurface rupture.

These recordings provide important observational data on

earthquake focusing. The largest horizontal acceleration

recorded for this earthquake occurred just outside the beam of
maximum focusing (0.Big at a distance of 3 km). The horizontal
recordings at closer distances range from about 1/3g to 3/4g

(largest of the two horizontal components) with a mean of about





1/2g. These recordings are rather consistent with data from

other earthquakes. For example, Station 2 recorded 0.5g for the

1966 Parkfield earthquake (Ms of 6.4) essentially on the line
of surface faulting, and Station 6 recorded 0.45g for the 1979

Coyote Lake earthquake (N of 5.7) also essentially on the

fault. The largest horizontal accelerations for the Imperial

Valley earthquake also fit well with data presented by Hanks and

Johnson (J.I. ex. 47) to illustrate the weak magnitude dependence

of the upper limit of available accelerations.

4. The general level of the peak accelerations

recorded for the Imperial Valley earthquake clearly decrease with

distance. Furthermore, the recorded values of ground acceleration

are distributed above and below the general trend (average) at

each distance. There is sufficient data to estimate the average

level of acceleration and the distribution of these values about

the mean as a function of distance. This is accomplished by

adjusting the coefficients A, 13, and C of the expression

PGA = A (distance + C)

to best fit the data in the sense of minimizing the sum of the

squares of differences between the smooth function above and

below the recorded data. The distribution of recorded data about

the mean is assessed by conventional statistical methods assuming

a log-normal distribution of recorded values about the mean.

5. All available data for the Imperial Valley earthquake

on peak horizontal and vertical acceleration, velocity, and



0



displacement have been analyzed in this manner to estimate

average and conservative (exceeding 84% of the data) levels of
motion at a distance of 5.8 km., the relevant distance for Diablo

Canyon. These results are compiled in Table l.
6. While these values can be directly compared with

corresponding design values used in the Diablo Canyon reanalysis

to illustrate, over the frequency range of importance, the

substantial conservatism used in the reanalysis such comparisons

do not properly assess all of the design conservatisms, noteably:

(a) Near-field data from several earthquakes should be

considered to assess the variability in ground motion between

earthquakes~ For example, recordings of the Imperial Valley
earthquake were obtained on alluvium whereas Diablo Canyon is

'

founded on rock. This difference in subsurface geology results
in a bias at mid to low frequencies (peak velocity and

displacement) with larger motions occuring on alluvium.

(b) While the design values for acceleration,
velocity, and displacement indicate the level of the design

spectrum in the high, mid, and low frequency -range, design

criteria are defined in terms of response spectra, and

consequently comparisons of response spectra with design spectra

are more appropriate than comparisons with peak values of free-
field motion. As described above, however, such comparisons

should include data from different earthquakes so as to estimate

confidence levels for spectral extremes (peaks and troughs).

(c) The Imperial Valley data, which represents free-





field instrumental values, should be reduced for comparison with

design values in accordance with concepts of effective
acceleration. Conditions at Diablo Canyon have merited a

reduction from a free-field instrumental acceleration of 1.15g to

a design acceleration of 0.75g which constitutes a 35% reduction.

If such a reduction were applied to the Imperial Valley data, the

desgin values for Diablo Canyon would appear to be even more

conservative.





TABLE 1

Instrumental Peak Motions for the 1979 Imperial Valley

Earthquake at a Distance of 5.8 km Compared with Design Motions

for the Diablo Canyon Nuclear Power Plant.

REGRESSED PEAK ACCELERATION

tlean 84tht

DESIGN ACCELERATION

Vertical ~ 30g

)iorizontal . 34g ~ 53g

.53g

. 75g

.50g

REGRESSED PEAK VELOCITY DESIGN VELOCITY

Mean

Horizontal 45

Vertical 14

84th%

75 cm/sec

22 cm/sec

61 cm/sec

41 cm/sec

REGRESSED PEAK DISPLACEMENTS DESIGN REPLACEMENTS

Mean 84th'4

Vertical 6 cm ll cm

Horizontal 20 cm 32 cm 20 cm

13 cm
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All of the matters herein are known to me of my

personal knowledge or of my personal opinion based on my

education and experience. If called as a witness, I am

competent and would testify thereto.

RALD . FRAZIER

SUBSCRIBED AND SWORN TO before me this, , ay

of April, 1980.

Votary Public

My Commission Expires:

~Ed




