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Docket Nos.: 50-275 DISTRIBUTION
and 50-323 -“Docket_File: Ddeng
“NRC & LPDRs HAshar
. CTrammel]l RPichumani
Mr. J. D. Shiffer, Vice President GHolahan NChokski
Nuclear Power Generation JdLee RMcMullen
c/o Nuclear Power Generation, Licensing 0GC-Bethesda LReiter
Pacific Gas and Electric Company PDV Plant File RRothman
77 Beale Street, Room 1451 Edordan GBagchi
San Francisco, California 94106 JPartlow
ACRS (10)

Dear Mr. Shiffer:

SUBJECT: COMMENTS RESULTING FROM JULY 15-16, 1987 GROUND
MOTION WORKSHOP (TAC NO. 55305)

Enclosed for your information is a revised summary of NRC staff and
consultant comments made at the July 15-16, 1987 ground motion workshop.
While there is some overlap between these comments and those presented in
Enclosure 7 to our summary of this meeting dated July 30, 1987, we consider
the enclosed summary to be a more complete version of the earlier summary.
Please note also that it contains two new items (p.2, first two items)
regarding hanging walls and fault segmentation analysis.

Also enclosed for your infofmation are the comments of our consultants who
attended this workshop. .

As we have discussed, the staff and its consultants are still not clear about
how PG&E plans to use the results of the ground motion studies in the soil
structure interaction analysis and the probabilistic risk assessment.
Because of the importance of this issue we belijeve that a detailed submittal
and a subsequent meeting are needed to discuss the integration of the .ground
motion estimates into the rest of the analysis. Accordingly, we ask that you
respond to this request within thirty days of receipt of this letter with a
proposed schedule for such a submittal and‘re]ated meetiqg.
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The reporting and/or recordkeeping requirements contained in this letter
affect fewer than ten respondents; therefore, OMB clearance is not required

under Pub., L. 96-511,

Please contact us if you should have any questions regarding these matters.

Sincerely,

| Original signed by

Charles M. Trammell, Project Manager

Project Directorate V

Division of Reactor Projects - III,
IV, V and Special Projects

Enclosure:

1., Summary of Staff and Consultant Comments

2. Letter, Aki to Savy dated July 20, 1987

3. Letter, Day to Savy dated August 20, 1987

4, Letter, Archuleta to Savy dated July 27, 1987

5. Letter, Campbell to Rothman dated August 5, 1987
6. Letter, Costantino to Reich dated October 4, 1987

cc w/enclosure:
See next page
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Enclosure

Summary of Staff and Consultant Comments made at the July 15-16, 1987

Ground Motion Workshop

The amount of work performed and the attention paid to the relevant issues in

.the numerical modeling studies is impressive.

In the numerical modeling studies, there is a need to make estimates of the
uncertainty and to track the uncertanties in obtaining the hazard curves to be
used as input for the Probabilistic Risk Assessment.

The numerical modeling methods should be applied to earthquakes other than
those from which it was developed to see how well the ground motion can be
predicted.

Coherency is very strongly non-stationary and assuming stationarity may not be
correct. The effects of a propagating rupture should be considered in the
coherency estimates. It is not clear how the spatial incoherency is to be used
to ?erive a realistic input motion for use in the soil structure interaction
analysis.

Consideration should be given to producing other ground motion estimates along
with spectral acceleration. Also, the ground motion estimates seem to be
concentrated on peak ground acceleration and spectral acceleration in the 3 to
8.5 Hertz, a broader range of frequencies seems appropriate.

Input parameters important to the ground motion estimates should be identified
and sensitivity studies should be performed on them.

Site effects on recordings made in the plant area may be reflected as
amplification in the 2 to 6 Hertz range and the recordings may also reflect
the effect of the presence of the structures.

The change in the element size in the modeling study from 3 X 4 km to 1.5 X
1.5 km may overly reduce the level of the spectrum at frequences of
engineering importance.

The assumption in the modeling study that the slip distribution is the same as
the 1979 Imperial Valley earthquake where the seismogenic zone is probably
below 5 km is not appropriate for the Diablo Canyon site where there may be
significant slip up to 2 km from the surface.

In using the generalized ray theory method the surface wave contribution is
not seen and the duration of the records may be too short.

Attenuation should be examined and the effects of the differences in
attenuation between Imperial Valley and Diablo Canyon should be addr&ssed.

With respect to the empirical ground motion studies, the median and 84
percentile spectra over the entire frequency range are needed.







The Diablo Canyon site could be on the hanging wall of a postulated Hosgri
reverse or thrust fault. Both the empirical and numerical studies should take
this jnto account since ground motion recordings on hanging walls appear to be
systematically higher than those on the foot walls.

In the fault segmentation analysis, the probabilistic formulation appears
questionable. The problem that is to be solved is; given the existence of an
observed change in fault characteristics, what is the likelihood of it being
the end of an earthquake rupture?

It is not clear how the results of the theoretical and numerical ground motion
studies are to be used in the Soil Structure Interaction analysis and the
Probabilistic Risk Assessment. The flow chart presented at the meeting did
not have enough detail to allow evaluation.
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20 July 1987

Dr. Jean Savy

Lawrence Livermore Nat'l Laboratory
P.0. Box 808

Llivermore, CA 94550

Dear Jean:

This is my letter report on the Diablo Canyon LTSP ground motion workshop held
on 15-16 July 1987 in San Francisco.

Before commenting on the main subject of the workshop, namely, ground motion,

I would like to mention that I was very much encouraged by Kevin Coppersmith's
presentation on progress in seismic source characterization from the geology/
seismology/geophysics data. I felt that he was pursuing a new promising direction
by relating various features of a fault zone with potential earthquake source
parameters. Combined with the numerical modeling approach for ground motion
estimation, it may be revolutionizing the seismic hazard estimation, and the
present Diablo Canyon LTSP may serve as a model in the future.

There are, however, several pit falls covered up in brilliant presentations g1ven
in the two-day workshop.

(1) Leon Reiter objected to Kevin's statement about the probability of a geologic

fault-step becoming an end point of an earthquake fault, and stated that the
"“normalized" probability does not apply to the probability for a given fault-
step. I agree with Leon, and let me explain why.

Let "A" be the existence of a geologic fault step, and "B" being an end point
of an earthquake fault. Kevin's observation indicated that the occurrence of
"A and B" and that of "A and nonzB" are about the same.” Writing these joint
probabilities as P(A,B) and P(A,B), respectively, we have

P(A,B)=P(A,B).

Defining the conditional probability P(A/B) as the probabilzty of "A" given the
condition "B", we can write

P(A,B)=P(A)P(B/A)=P(B)P(A/B), -
P(A,B)=P(A)P(B/A)=P(B)P(A/B).
Thus, we have

P(B)P(A/B)=P(B)P(A/B)

P(B)

or P(A/B)=P(A/B) (8).

UNIVERSITY OF SOUTHERN CALIFORNIA, UNIVERSITY PARK, LOS ANGELES, CALIFORNIA 90069.0741







Savy 1tr A
Page 2

AS
This is the “normalized" probability of Kevin, showing tha:, if P(B) is greater
than P(B), the conditional probability of finding fault-step at the end point
is higher than that at the mid point.

On the other hand, if we want to find the conditional probzdility for a given
fault step, we find

P(B/A)=P(E/A),
supporting Leon's statement in the meeting.

(2) With regard to the source aspect of the numerical modeling, I am most concerned
with the deficiency in the intermediate frequency range by the Joyner-Boore scaling.
Upon my question, Paul Sommerville agreed that the deficiency exists, and it .
will be greater if the sub-event size is reduced. This is an extremely serious * -
problem, because if one makes the sub-event infintesimally small, there will be

no zppreciable acceleration generated by the source. W¥hat concerns me most

is that this most seriously effect is completely disregarded in the ENCLOSURE

B, where the problem with the Joyner-Boore scaling is addressed.

The preference of 1.5x1. Skm over 3x4km2 sub-event was discussed in view of the
Fraunhofer approximation by Paul, but his discussions are not at all founded

on physical ground. He pretended that the Joyner-Boore mocel is equivalent to

the specific barrier model, and tried to justify the sub-event size from the point

of barrier-interval., As he agreed upon my question, the stress drop in each sub-~evezt
is reduced by the factor equal to the cube root of momemt ratio. This,implies

the reduction of stress drop by several tens if. one uses the 1.5x1.5km” sub-event,
with a significant reduction of acceleration in the interrediate frequency range.

The need for the Fraunhofer approximation comes from the deficiency of their
method of calculation used for Green's function. If the method is adapted to
the case of a finite source, the need disappears. In any case, this need should
not be considered as competing with the physical need for expressing the real
earthquake process.

In fact, the Jovger-Boore model is only justified as a.phenomenological model
gnerating the .~ scaling approximately. There is no clear physical support
to the model.

The preference of smaller sub-event by Paul on unfounded grounds makes me feel
uncomfortable because it would underestimate the acceleration in a clever, clandestine
manner.

(3) Paul Sommerville and Ben Tsai insisted that the decay of acceléfation spectra
with frequency is similar among Imperial Valley, Coalinga and Diablo Canyon.

I noticed, however, an apparent amplification by a factor of 2 to 3 for the frequency
range from 2 to 6 Hz observed for the Diablo Canyon relative to the interpolation

of higher frequency trend. I was impressed because it agreed excellently with

the result obtained by Scott Phillips (MIT, PhD thesis, 1985) for the USGS station

at See Canyon located about 5 miles from the site on the szme rock (Miocene

marine).
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1 2= enclosing copies of relevant pages from the Phyllips thesis. Fig. 2.4a

on . 53 shows the USGS stations used in his thesis work. Fig. 2.4b on p. 54
shcws the location of PSE (station near the Diablo Canyon). Table on p. 88 shows
the rock type for the station PSE. The site amplification factor at PSE relative
te the average of all stations studied is given below for various frequencies:

frequency in Hz 1.5 3 6 12

anmplification factor 1.1 1.6} 3.5 1] 1.2

The above factor was obtained from the natural logarithm for power given in Table
3.2 of his thesis. Finally, the distribution of amplification factor for 6Hz
for the central California is shown in Fig. 3.3c on p. 104. The Diablo Canyon
area is of the highest amplification in the whole area for 6Hz.

I vrge Paul and Ben to study the site amplification effect at the Diablo Canyon
relative to some of the nearby USGS stations for which Phillips estimated the
site effect.

(4) The final point I'd like to raise is the procedure used for estimating the
cokerency of seismic motion. It is well known (since my own work published in
Bull. Earthq. Res. Inst. in the late 50's) that the spatial coherency of seismic
mo:zion due to local earthquakes is very high at the arrival of main P and S waves,
buz is decreased with time and becomes very low for the coda. The procedure

used by Paul Sommerville is to calculate the coherence for a relatively long

time window assuming that the statistical properties of waves are stationary

in time. I imagine that the coherency must be higher if only early part is studied.
It may be that the early part contribute more significantly to strong motion.

It is, therefore, important to approach the problem without assuming the stationarity
in time.

In summary, the above three issues concern me greatly, because, if unchecked,
they tend to bias the ground motion estimate toward a lower value. All these
matters are highly technical and therefore may be easily hidden from a layman.
In order to secure the credibility of this innovative approach of numerical modeling,
it is essential that all these issues be clearly exposed and fully addressed.

Sincerely yours,

i
Lt

Kediiti Aki
erxcl. —
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Station

BAVV
BuGY
BHNV

* BCGV

BRIV

PEMV
Bisy
ncv
nBIov
BIRV

BMCV
nMHV
IMSV
BrCv

BPiV,

npiv

npPpv
BRMV
HRVY
asuv

AsCv
BSGV
BSLy
DSy
DVLV

( Powerspectra)
Table 3.2 Site Effect Results and Standard Errors
X =2 1n (MR) .
S = Standard Error (Napiers)

1.5 Hz 3 Hz 6 Hz 12 Mz
X s . X S X S X S
-1.5 .1 2.0 21 .0 -2.3 1
0.4 .1 0.4 .1 0.0 0 -0.1 1
0.2 I 0.4 2 -0.2 43 -0.1 2
0.5 1 0.4 0 1.0 0 1.3 0
1.8 g 1.2 A 10 " .0 0.1 i
-1.3 1 0.8 8| -0.7 .0 -1.5 d
-0.5 .1 0.6 1 1.6 1 1.9 A
-2.7 1 -2.8 .1 ~-1.0 .0 -0.1 .0
-2.5 g -1.6 A 1.4 .0 2.0 0
l_.l A - 0.6 N -0.2 0 -0.6 .1
-2.0 A .=2.3 1 -0.7 .0 0.6 .0
23 A -1.5 .0 -1.2 .0 0.5 .0
0.1 I 0.6 A 0.3 A -0.5 .1
-2.2 .1 -1.7 A 0.0 .0 3.0 .0
-0.8 .2 0.1 .1 0.5 A 1.3 1
-2.0 A -1.7 A -0.9 0 -0.4 0
-1.0 . -0.4 .1 .5 A 0.9 .1
0.6 A 1.5 A 1.0 N 1.2 .1
0.0 N -0.4 A -1.1 1 -0.5 1
2.7 .1 2.0 A 1.9 A 1.0 1
-0.3 R -0.9 0 -1.2 0 -1.0 0
-2.2 A -1.0 .1 -0.1 .0 2.0 .0
2.9 R 2.7 R 2.2 A 0.9 R
-2.0 1 -1, - 0.9 A 19 4
0.7 1 0.4 .1 -0.4 .0 00 " .1

24 Mz

X s
29 5
1.7 .1
22 .1
0.0 .1
23 .1
1.9 1
0.1 .1
08 .1
11 .1
0.

0.7 .1
46 2
07
2.4 .1
-0.0
-1.0
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HSLV 0.7 A 1.4

. . 1 1.4 1 1.1 2
Nspy -0.8 2 -0.7 . 0.2 A -0.2 1 .
JALV -14 .1 -0.6 A 0.2 .0 0.2 A 1.1 A
Juev -0.9 3 -0.7 2 -0.6 1 -1.3 2
JnGv 1.2 A 1.2 R 1.1 1 1.3 A 0.2 3
mLy -1.5 A -1.5 1 =1.0 .1 -0.3 . .1 2.6 1
JimyY -1.0 R -1.3 1 -1.8 .1 -1.2 1 -0.6 A
nzy I W/ B . LB ] 24 A 2.0 .1 2.0 .1
Jchv -0.7 A 0.4 ] 0.1 .0 -0.2 .0 -0.1 1
Juev 0.7 .1 1.2 1 0.7 . -0.6 2
JEGY 0.1 2 0.3 1 1.0 1 1.1 1
JHy -1.9 2 -1.8 1 -0.0 J 0.3 A
Jupy -0.0 B 0.0 1 -0.7 .1 -0.2 A -0.9 2
v 0.1 K| 1.0 1 1.7 . 0.6 ! 0.1 2
JIXV -0.9 . -0.7 1 -0.: A -0.1 1 0.2 - .1
JMGY -0.9 2 -0.5 1 -0.: 1 0.9 1 -0.3 4
Ly 1.4 . 1.1 1 0.9 1 0.9 |
PRV - 0.2 R -0.1 1 -0.4 1 0.4 ) 0.7 )
PRy 0.4 2 - 0.7 1 1.0 1 0.8 A
R[Sy 1.1 A 0.9 1 0.6 1 -0.2 1
IRGV 1.9 2 2.6 B 28 1 2.5 . 2.2 1
JRRY -1.8 .1 1.9 A -0.7 .0 -0.1 0 0.1 A 6
INWV 2.1 2 -2.8 A -2.0 R -1.8 . -3 2
JRXV -2.3 " -1.9 B -4.7 3
JSAV -0.9 2 -0.6 A -0.7 .1 0.2 A 0.6 3
sy, -0.8 1 -0.6 1 -0.6 1 -0.5 1 -1.2 1
ISFV ] 1.7 1 1.1 1 0.4 .1 -0.5 i 0.1 .
ISGV 1.1 1 0.8 1 0.9 | 0.5 A 0.1 A
ISIv 0.9 1 0.7 1 0.9 1 1.2 1 1.0 .1
JSMV 0.4 1 0.2 ] 0.5 1 0.1 ! 0.0 2
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A Dluvlslon of Maxwell Laboratories, Inc.

August 20, 1087

Dr. Jean Savy

Lawrence Livermore National Laboratory
P. O. Box 808

Mail Stop L-106

Livermore, California 94550

Dear Jean:

The following is my report on the San Francisco meeting of July
15 and 16, 1987, between the NRC staff and P. G. and E. I have
confined my comments to the ground motion tasks of the Long Term
Seismic Program.

The P.G. and E. work on ground motion is well focussed, the cru-
cial problems seem to have been identified, and progress on these prob-
lems has been very impressive. Furthermore, virtually all comments
previously made by the ground motion review panel have been, or are
being, addressed by the project team.

Also impressive is the degree to which various parts of the study

" have now been integrated. For example, the gite recording program

has yielded important site-specific estimates of ¢ (the scale factor in the
attenuation exponent), and these estimates have been incorporated
into the numerical modeling work performed by Woodward-Clyde. As
a second example, a scheme has been devised and used to estimate
site-specific spatial coherency; this was accomplished by combining
results of P.G. and E.’s site recording program with Woodward-
Clyde’s numerical modeling program. The geology/geophysics team is
presently developing estimates of the characteristic slip for a
hypothesized Hosgri fault earthquake, and I hope that these results too
will be incorporated into the numerical ground motion modeling.

There was little discussion at the workshop of the problem of
integrating the ground mc..;on results with the Soil Structure Interac-
tion (SSI) analyses. The ground motion panel was'provided with a
written report on the December 1986 SSI workshop, which addressed
this problem. That report suggests that an effort is being made to
incorporated the ground motion spatial coberency models into SSI.

- However, the methodology should be dlscu<aed with the ground motion

P.O. Box 1620, La Jola, Calfomia 92038-1620

panel as well, I think.

Tlamhana: (L10) AR2LNEN TWX: 010.337-1253 Teleronier: (619) 755.0474

3398 Corme! Mountain Rood, San Diego, Californio 92121-1055







-2- S. M. Day - August 20, 1987

The numerical ground motion simulations shown at the workshop
were systematically deficient in low-frequency energy. Unfortunately,
the frequency band in which the simulations are deficient extends at
least as high as 2 or 3 Hz in some cases, well within the frequency
range of engineering interest. This is the inevitable result of using
subevents of small source dimension. Because of the use of Joyner-
Boore scaling of the subevent moinent, the high-frequency asymptote
. of the simulated response (or Fourier) spectrum should be nearly
invariant with subevent size, as confirmed by the numerical simula-
tions. However, as the subevent size is reduced, the low-frequency
problem gets worse, and extents to hlgher frequency I think this
argues against usmg the small subevent size in the simulatjons. I
recognize that using a large subevent raises some concern about the
theoretical vahdlty of the Fraunhofer approximation (concern which I
voiced myself in an earlier review letter). However, I think it is now
clear that simulations using the larger subevents are more successful in
matching the characteristics of recorded ground motxon from large
earthquakes.

The uncertainty in the numerical modeling results needs to be
estimated. This might be accomplished by applying the modeling
method to recorded earthquakes other than Coalinga and Imperial Val-
ley (since these events were used to calibrate the model to begin with).
It is obviously important that such modeling be carried out without
incorporating source information (such as asperity locations) which
would not be available a priors for a prospective Hosgri Fault earth-
quake.

Sincerely,

- Jluo WD

Steven M. Day
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DIPAZTNENY OF GEOLOGICAL SCIENCES SANTA HARBARA, CALIFORNIA 91100

July 27, 1987

Dr. Jean Savy,

Lawrence Livermore Lab.
Mail L-196

P.O. 808

Livermore, CA 94550

Dear Jean,

Enclosed are my comments on the PG&E progress report presented July 15 and 16, 1987, in San
Francisco. Please send to me the comments of Steve and Kei when you receive them.

Sincergly,

alph J. Archuleta
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Clearly PG&E has done a substantial amount of work in preparation for the final stages. The
presentations by Drs. Coppersmith, Sadigh and Sommerville were real tours de force. 1left this
meeting with a much clearer idea of how PG&E was developing individual approaches and how it
was integrating its various approaches. Loosely quoting George Bemard Shaw, 'Science never
solves anything. For every question it answers it finds ten more.' This may me the reason behind
Mr. Cluff's remark that in spite of the obvious progress being made there is always a"However."

I have some fundamental questions about the semi-empirical numerical modeling approaéh.
The approach itself seems sound. My concemn is the proposed application to DCPP given the
geometry of the faults and velocity structure for DCPP.

1) The distribution of slip with depth

Based on their analysis of the Imperial Valley earthquake PG&E has decided to use the
distribution of slip with depth found by Hartzell and Heaton to model faulting pertinent to
DCPP. Thus faulting near DCPP will have three to eight times as much slip at depth as
near the surface. Iregard this as a serious error which underdetermines the expected
ground motion,

The velocity structure, which I could not find anywhere in the notes so I used one based
on viewgraphs presented, between the Hosgri and DCPP is approximately:

Depth Thickness P-wave S-wave Density
0.0 0.2 2.0 0.7 24
0.2 0.3 3.5 20 2.5
0.5 0.25 5.0 29 2.6
0.75 11.25 55 3.2 2.7

12.0 =22.00 6.3 3.64 2.8

The significant aspect of this structure is that the elastic material in the seismogenic zone
comes within one kilometer of the surface. This velocity structure is far different from that
in the Imperial Valley which has been used for much of the calibration of the method. The
Imperial Valley has large slip amplitudes in the region where the velocity (P-wave
5.65-5.85 km/s, S-wave 3.27-3.38 km/s) is high and uniform similar to that found
between 0.75 km and 12 km depth at DCPP. The amplitudes of the ground motion scale
directly with the shear modulus which is proportional to the S-wave velocity squared.
Thus by restricting the large slip to occur only at depths around 10 km, the ground motion
contribution from the upper parts of the fault that are closer to DCPP is significantly
smaller. There is no justification for using the Hartzell and Heaton distribution of slip for
DCPP. What should be used is the fact that wherever the elastic properties are similar to
that in the known seismogenic zone one can expect similar values of stress drop and slip.

A major point of discussion was whether or not the upper two kilometers could store and
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release elastic energy that would contribute to strong ground motion. In fact, PG&E has
shown that that is true. In enclosure B, Section 4.5 PG&E discusses simulation of the San
Fernando Pacoima dam record. First note that in Figure 4.26 that the maximum amount of
slip occurs in the upper couple of kilometers. In Figure 4.28 the time history resulting

- from this distribution of slip is shown. In particular note the waveforms and amplitudes

arriving around 10-11 seconds. In order to get a better match to the actual data (Figure
4.27) the slip distribution from Figure 4.26 is modified. The original and modified
distributions are both shown in Figure 4.29. The only significant difference between the
two is the amount of slip in the shallowest part of the fault 5.7 m compared to 3.25 m.
Now compare Figures 4.30 and 4.28 paying particular attention to the accelerograms
around 10-11 seconds. There is a substantial increase in the amplitude which must be due
only to the change from 3.25 m to 5.7 m. This change was made to produce a better fit 1o
the data (Section 4.5, Enclosure B) which shows the peak acceleration laté in the record.

- Although there are not a lot of well documented cases which distinguish between energy

released in the upper kilometers, there are some. I have included a copy of the June 23,
1987 EOS. Please note the abstract under the Seismology heading. It has several relevant
results including significant amount of energy release at shallow depths from a thrust fault.
Interestingly the rupture apparently propagated downdip.

While the Imperial Valley may be among the best documented earthquakes, its slip
distribution is strongly correlated with the velocity structure. I can see no reason to
assume that such a slip distribution would be generic to other earthquakes that occur in
different velocity structures.

The appropriate Green's functions for the semi-empirical source

The empirical source is meant to account for variations in the seismogram that result from
wavelengths shorter than the characteristic dimension of the source. There are some
pitfalls in this approach as it is currently being applied by PG&E. First, the effects of
propagation are being computed using generalized rays. Although I cannot be certain,
think that the only rays being considered are direct P wave, direct S wave and possibly the
postcritical reflection from 12 km. These rays may be sufficient for a source which is deep
(As shown below at least one more ray should be added). When the source is in the upper
couple of kilometers, the surface wave contribution must be included. The calibration of
the method thus far has not been adequate. The Imperial Valley source is taken from an
aftershock at 9.5 km depth; the Coalinga aftershock is also at 10 km depth. The ground
motion will not be representative of the response one would expect from a source at 1 or 2
km depth. The source must be convolved with the complete Green's function and not just
one or two rays. I am including two figures which shows the complete response (0-16
Hz) at DCPP due to a double-couple, vertical, strike-slip, source at 2 km depth (DCSS2)
and at 10 km (DCSS10). The source is 5.41 km from the observer at an azimuth of 67.5°,
clockwise from North. The velocity structure is the same as that given above. The
components of ground motion are vertical, radial and tangential from top to botiom,
respectively. As one can see from these figures the radial and vertical components of
ground motion from the source at 2 km depth is significantly different from that at 10 km.
The ground motion on all three components for the 10 km deep source could be adequately
represented by several generalized rays; however, that is not true for the shallow source.
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It is worth noting that the prominent phase seen about 0.6 seconds after the direct S wave
(and multiples thereafter) 1s not the postcritical reflection due to the boundary at 12 km.
The observer is not at the appropriate range. This pulse is due to the reflection from the
boundary at 0.2 km depth. (A much smaller pulse at 0.9 seconds after the direct S is due

" to the reflection from 0.5 km.) As one can see from the tangential component there is a site

condition, i.e., the wave is bouncing between the free surface and the boundary at 0.2 km,
that could lead to an enrichment of-spectral content at 1.7 Hz This particular ray is not
presently included in the suite of generalized rays being used to compute the ground
motion at DCPP. When the source is at the right distance for the postcritical reflection
fron;f 12 km, the postcritical reflection and the the near surface reflection are going to
interfere. :

My point is that the complete Green's functions are approximated by a couple of
generalized rays representing body waves. These generalized rays may well represent the ..
ground response for a deep source, but they are not appropriate for a shallow source that
exists near DCPP. Complete Green's functions are necessary when modeling the shallow
part of the rupture. It would also appear that at least one additional ray is needed even for
the deep sources.

The second issue is attenuation. The assumption being made in this approach is that the
attenuation for the medium around DCPP is equal to or greater than the attenuation of the
medium from which the empirical source was recorded. This assumption has not been
justified. In fact, PG&E had assumed less attenuation of high frequencies for a rock site
compared to a soil site in the regression analysis approach. I think that attenvation is a
solvable problem at DCPP. It will require the semi-empirical approach to be modified if
PG&E intends on using the Imperial Valley and Coalinga aftershocks as its empirical
source functions. It was surprising to see that both the Coalinga and Imperial Valley -
aftershock had the same attenuation considering that Coalinga aftershock was mostly

_recorded on a rock sites.

Style of faulting

There were several comments made about whether or not onz could have strike-slip
faulting on a fault with a dip significantly different from 90°. Part of the discussion
centered on the North Palm Springs earthquake of July 8, 1986. There are other
earthquakes that also show dominant strike-slip on shallow dipping faults. I have included
references to both the My, 6.4 Chalfant Valley earthquake of July 21, 1986, and the

M 1952 Kem County earthquake. In both cases the strike-slip to reverse component is

about 2 to 1. The Kemn County earthquake needs a qualifier. On pan of the fault near the
hypocenter, dip of 73°, the reverse component is 1.2 times larger than the strike-slip.
However, on the rest of the fault with dips of 35° and 20°, the ratio is 2 to 1 for strike-slip
over reverse slip. Thus I think PG&E is not covering the full range of possibilities for
faulting near DCPP if they restrict strike-slip to the nearly vertical fault afid reverse slip to
the dipping faults. It seems that real earthquakes have both components on shallow
dipping faults.

The next major issue is coherence. The coherence technique that follows from Smith et al. (BSSA,
1982, pp. 237-258) is dependent on the length of the time window being used. For example, in
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Smith et al. they find a spatial covariance of about 0.27 for the North-South component from
stations 1 and 3 (Figure 15, distance of 55 m, no filter). However, Spudich and Cranswick
(BSSA, 1984, pp. 2083-2114) find a peak correlation of almost 1.0 for the time during which the
maximum amplitude S-waves are arriving for the same stations (Figure 7). The principal difference
- between the two methods is the length of the time window. Spudich and Cranswick use 1.0
second window; Smith et al. use a 6.0 second window. Since the coherence will be used for the
input to the base, it may be that the appropriate time window will be considerably less than 1.0
second. Regardless, I think that the coherence analysis is going to require more investigation.

My final comments are on the regression analysis. I appreciate the efforts that are being made to E
distinguish between rock and soil sites, e.g., Appendix C, Enclosure E. I suppose from a
statistical point of view there may be a 0.19 difference in the mean. But, my gosh, in looking at the
scatter in the peak acceleration data for a given magnitude or a given distance of a rock site I
wonder why bother. The factor of 0.19 is com;ilcte]y lost in the dispersion. I am going to bring
up a point that I have previously objected to. The regression curves always have a term that
represents geometrical attenuation like 1/(R + r)Y where R is some measure of distance from the

fault to the receiver, r is a constant and ¥y is a constant generally close to 1.0. In this work, ris
disguised in the form C(M) where M is magnitude, e.é., 0.88exp(0.47M), Enclosure E, p. I'V-1.
(I could not find the numerical values used for strike slip, this is the expression for reverse faults.)
. This term is always put in there to allow for saturation. If R is much greater than r, the peak
acceleration falls like R*Y; however, when R is much less than 1, the peak acceleration is almost
constant,

In the regression there are other terms for which a physical basis exists, but this one has none. In
fact, contrary to all the arguments about goodness of fit, it is obvious that this term is an artifact.
Consider Figure C-3, magnitude 6.3-6.7. The 1979 Imperial Valley earthquake is responsible for
almost all of the strike-slip data points shown. A 1/R line fits the trend of the data from 5.0 km to
200 km. The saturation comes from points plotted at distances of 0.5 to 3.0 km, Yet, PG&E has
gone through considerable effort to show that the asperity located at a true distance of about 12-13
km is the cause of the peak accelerations. The saturation is bogus. If the points plotted at 0.5-3.0
km were plotted at 12-13 km, there would be no saturation. In Figure C-1, M5.8-6.2 the two data
plotted at 0.5 km which apparently show saturation are from the same station (Coyote Lake Dam)
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for the Morgan Hill earthquake. Yet, arecent paper by Hartzell and Heaton (BSSA, 1986, pp.
649-674) as well as abstracts by Beroza and Spudich show that the likely cause of the peak
acceleration is a large asperity located about 12 km from this station. There are very few data
which can honestly be plotted at 2-3 km distance, perhaps Pacoima Dam. In the very few cases
where the data have been analyzed to get even a rough picture of the fzulting, the analysis shows
that the stations that are more like 10 km distant from the fauiting responsible for the peak
acceleration. If one puts numbers into this fudge factor 0.88exp(0.47M), the distance r is quite
large, e.g. M=6.5, r=18.7 km; M=7.0, r=23.6 km. These values are substantially greater than the
depth of the seismogenic zone which might conceivably be a physical parametcr.that could limit
peak acceleration. Considering the proximity of DCPP to the faults in the area, this factor '
0.88exp(0.47M) (or one like it) is the determining factor for peak acceleration, and yet it is the most
questionable. It has no physical basis. It has almost zero data to support it.

Overall I think that PG&E is converging on a final product. Despite my criticisms of particular
aspects I was impressed with the quality and quantity of work. The irstrumentation program is of
the highest quality. The numerical modeling is bearing down on the important questions. The
acceleration data base is probably the most complete anywhere. The PG&E effort is quite

outstanding.
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Planetology: Comets
and Small Bodies

6023 taseractions with snter wind plaema sad fiekdy
MAGNLTOTAILS AT UNMAGNT 1128 BODIE S COMPARISON
O COMIT GIACORINIZINNI R AND VINUS
D. 1. McCamen (1 Alamos Natinast Labaratory, M3 D.433, Las
Alamos NM §1344)
1. T. Gonting, C. T. Ruvnell, 0ad J, A, Stavie

Roth  Comet  GiscobinlZinner (G.7) sad Veaws lJave
wmagactota cnmluing of draped interplaactacy magaetic field
tines. ThA Tr M tine despiog s caveedd by o wicity thesr hetwren
segman of greer (brw speeils away Teom 1he Ivelion snd tevees finw
sweele arar tn the feelien (1119 nhisiont within the Venes
magnetorad by the Phwncer Venus (rbiter and within the (3.2 teil
by the lateenstionst Cometary $oplorer tesverwt of GoZ. have
previowtly deea combiacd mith strevs Ratance comiderstinnt 1o lafer
many of the phyvucs) ¢harscieniics of these 1ve Megnetotail, 1a
the prewent paper ue compare sad  Contrmst  these phyticsl
Chaeacterintics end thereby easmine thene B3pret of the interaciions
with the sotae wind and deaped mapnesolad ferming procemes
which 574 common st 1he twe dodies, smd thme which sre diflerent,
We (ind thet the aest macpivie eavieaas play 8 (1l role in the
103} feemetion process st both Venus aad (Go7. snd that drapieg ot
he Iwg very dodferent dired Sndies ocCurs oa lnanpovee cale virer,
Oa the athee hand, inn demuws, doun t5il meey (lores, tadword
JAB forces, ond Inhe Metrn ser Faciary of 0%, 30, 100, smd 2O
limes grester in the (3.7, tail then n Venus', while o (low
speeds snd loa temperstuees ore factors of =13 ond 240 times lower,
There targe quaniitalive difTerences in the properties withia the 1w
magnetetsds aee pilributadle 1o the tigailconlly grester wprlream
mag leading of the wisr wind Dy the evtended nevtrd] simorphere
8 G-Z (comets in genersl) 4 10 the gravitetismily hownd
i of Veanr, (Magneiic fledd droping, Sntermationsl
Cometory Esplorer, Piosetr Veaws Orditer)

J. Ceophyrs Rev., A, Poper JARONO

Seismology

7213 Varthquate parencters
DIPTH OF FAULUING DI TI0, 19AR RECKTRINI, AISIRALIA,
YARDIRRALE SR ITEREINIE PR VAVE VW04 ANALYSIS
OF INCAL SEIORTRANS
tharlen A, Langston (eparioeal »l Ceverlencen, The
rennavivenia State University, tiniversity Park,
Pranaylvania 14807)

Usve (rrne lor eleven forrstan ha and 4R altershackn
ol the Me 6.0 Necherling rartivpuste tevarded at the WISSN
atation WM are saslvred o deteranine the depth diatrt-
futtna of toviting Ior, thia wnmal (attaplote corthe
quate sequence, Clrar depih phases Includl
are aven (n the lural aclomarane at distances of 60 to
9% An and are stndierd walny: avathetir selsangreen cone
peied walng penrtallived eay thery and wvavemmhor late«
reation techalqus, Later RelS% tatlne seon on the ver=
11ral component sleittoperlnl data Inr saay eventn foply
smrce deptha lrma thea 2 3 1he nhnrteperiod P veve
(ore contalne the heut depth ratlaator In ihe Inrm of
aP o0 that depth ran he eatinatrd tu vithin an encer=
tolinty of abwt | %o [oor ment eventn, The Inreshochs
clunter st Teaa than 2 W depih and st aftershnchn
neewr within | bn ol the eurlne, A fev afterahocka
werar #a devp aa 1 ba,  Vhenr temita arte conalatent
wvith & previima telrvrlonle vave twdy tn vhirh
Tamlting vae Infortrd (o atart neas the sutlace at 1,3
e depth with rupture provecding davward snt net e2-
coeding & kn depth, Theor rraultn erpled vith previe
e strese studies 0 the Austrsiton shield and nodeln
of crestal atrength show that feiting fn @ cnld
ahield grea In 4 wear~wrface phenvwmenwm and loplien
that mnat of Lhe crual (o e airony tn be fraciuret,
(%ot topot foud rhiore, o depih, apnthetts selome
rtane, Aust lats welemiciey. }

1. Cooplaye, Rea,, R, Poper 7AWOLY

Space Plasma Physics

7871 Yeves and Instabilities

TON/TON AND CLECTRCN/TON CROSS- FIELD INSTARILITIES NPAR
THE UDFR KYRRID IPIRNFY

S.Prter Caty (KG DA, Lot Alomng Natlonal  Latoratory,
s Alasos, 1 A194Y)

Pobeet Lo Tobat, D Winske

Vol. 68, No. 25, Pages '543 - 608

tratabilities near the lower Mybrid frequency are
frwestiqated by mmerically solving the linest Viesov
electtomemetic dispecsion tion, The contiguration
is thet of two gnet | len corp s, & less
donte beam ond 2 mOte dense COCe, Stieaming aCTOSS &
unilorm sagretic fleld with magnetized elections Ia the
tero wrmentun fease, All  there components  are
cnnaldered 10 have sisilsr teoperatures. This peper
stidies the petametelc dependences of seximam groevth
tate for theee distinct modrsr  the electronvion beam
sdified tvo strenm [netadility, the electtorvion core
malifird two atiena [nstanllity, snd the lon/len lower
Mybefd Inetshility. In the electrottatic Tinit, the
elecitrnAena inatablifty Me a lrwer theeshold ant
lageper yuaah pate than (ts elertton/inie enntsipeet,
Corrpd st mpial team Arvd enen denalt fae, ror  gevalte
8150 suPpest that the electron/hesn Instabllity hat o
maxlmee arovth cate that Is equal to of grester than
that of the lonvion Instadility for 811 plessa bDeta
values., Thus the electronftren podified two  streem
Instabllity s & 1ixely candidate to sccount for the
presence of lower Mybeid tluctustions in the foot of
the Tacrth’s bow shock at low bets.

Jo Cowphye, Rea., A, Paper JARYIL

708% Nomerir o} slamletion nvdivs
COLLIYONAL INTERCHANGE, INSTARILITY 1, NUMZRICAL S1M.
ULATIONS OF INTERMEDIATE SCALE IRREGULARITIES
K. Zerghom ood C. B Seyler (Schaed of Lincteica] Cagivrrring ond Labe-
retery of Pleema Studir, Cornell Usloersiay, lidsea, New York 1481))
Nomerital simalotives of the generskord Roybeigh-Tovlw lastabofay
{ORT) sre prrsrsied. The medel sad simaletions 2o sppbeotls to bate
Lo 00d topeide sprerd 7, watable barfem clond dyeamice, sod colivinnel
Taterchonge losta Ny in geeers] The priacipal reval I 154t the evnde-
tian of 1he Inotabiy Lrads Lo o0 sobotropie Rate ronvisting of aearly
slavsnldel (qoeviperindic) voriation slong the efectins alortric Bold, oad
hacdbhe strncterss propageiiog perpesdicolar 1o £ yg along the extreme
of the quariperiodic stroctorve. The spectral propertivs of Ahe seakorsr
ate ore enshyred ssing cuedimessionsl specire akiolnted slong
spatiel trajocterios for oviscied angloe to L), 1o 13l woy » direct coon-
poriene Lo w0 rois probe dats con be mede. The nderent sotantropy of

the manKarss tote bo refocted bn dif Setwere the
opettire Loken parsliel Lo and prrpondicoler to Fo gy, The fondamestal fad.
Ing f ihe presest work s thot saleotrepy la leterchonge dynomics b merh

groeetor then bad bern previnmly reparted. Tl stewng ssbutrapy soe
acplele mach of 1he speriral sad epatis) arvesore] (beractovintivs of bath
Sottametie sod topaide spevad 7. T & comporion paper, ¢ comperina of
10 slanelating revelte Lo varioes ia sviu dota orto b givva.  {Nomerkesl sien-
sletisn stodiss, loasspboric Irregalaritioe, Torbelrace, Plasms woves sod
Tastsb3ales)

J. Conphys. Rea., A, Poper ARY0?

78%1 Shuek waves
EMERCETIC JINTERPLANETARY SNOCKS,
ENISSION AND COARONAL MASS EJRCTIONS
K. V. Cane (Labdorstory for Righ Rnergy
Astrophysics, NASAJCSFC, Oreendelt, WD 20771)
LB ¥, Jr.. R. A, Rowaed

The interplanetary ohocke wvhich geonerate
detnetlable lovw Frequency ((1 NNg) ecadio
eoslantnn, reprossnt an a group, the enst
enargetic ahneks producead by the aun. For all
Interplanstary (IF) ahocks which goneratad so-
called IP type 11 events, ve (ind, when
obnervations wvere veilable, that ¢Rhe
sssocieted solar aevents f(nvolved fest (1500
hu/sec) coronal mass ejections (CnEs}. In
coeparinon with the aet of atl CHEs detected
by the fSnlwind enranagraph, Lhe CHEa
nasnclated with IF 1ypn 11 avente arec the anaet
ansnlve and energetic. The aajority (2503)
balong to the atructural cle deqcetdad by
the Solwind resanrchern as d feont” or
‘salo", Evidenco presanted suge
are the sase eclasn vievad froe a diffarent
porspective. Our renulta are consintent with
theen being & close reletionship bdetveen
interplanstary ahncks and Cear CRPEe, {Shock
wavea, radin onfsninon, coronel weaasn
njactione.) i

nADIO

3. Coophiys. Ree.q A, Paper TAON4
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Tectonophysics

8130 Plete Soundery etructures ood precesesss
RARLY CIWOTOIC CRUST AT TRE NORVICIAN OOSTIFCNTAL
RARCIN AND TRE COMJUCATR JAR WATEN RIICE
3. Skegeeld ond O, TldNole (Departeacat of geolegy,
Univereity of Osle, Merwey)
Setenlc profiles ot the Virtag Platesw Nergin ofl
Narvey ond the netihern Joa Magen R14ge have provided o
fromeverk for the esrly Tertiery plete Vevadory ond
paanive sarqin evnlstisa, The Pelosgend ovelvtion of
Sath afese quite o ¢ and the sronetic bossuent
o wore fareed by Setrneton of [lew Voeslte in
the sarly Tecone, During the firet 1<) etllfen yeoare
of epentng, leelandic type optesding related te thw
Mnreh Atlentie Yolconle Previmce crested the seowverd
dipping rellector soqvences. At thie time Sesalt flove
ales covered the osdfscest thivmed ond  Intreded
continente]l crvest, Off Rervey, the contiotnt—ecosn
Saundory to prepeced te bo lecated Just londwerd of
onenaly 249 @ shert distonce weet of the Viriag Plotece
Recorpaont, Rellector T ot the Deve of the dipping
1 onlv recagnised losdwerd of the VLewndery
deftning o tegion af "trossltionsl ervet™, It 1o
svpgeeted thet thees wergine are of @ “veleanic™ type
thet ere sssectated with taltlel wpltfe dve teo rifting
tn previewstly thinned crwet. (Peseive sarglh, margisel
Ngh, seevecd Sipping ratlectere, Sorwegion $oo,)

Js Coopiye. Res.. 3, Faver £342)9

Volcanology

W00 Kydrotherusl Syetens
HLLIUS  (SUTOPLS: UATR CETSER SASIN, TIULONSTOWE
WATIOMAL PARK
N, M, Kennedy (Depertaent of Phprice, Unlwerrity of
Catifornls, Berkelep, Califorals $0720)
Jo W, Reprulde, S, P, Salln, 4, N, Trverdell

Mign *NesSHe ratine arsocisted vith toe Tollovetone
calders reflect the predence of 8 sagedtlic hellus
= g t. Thie rompr t 1* vitlastely oerived fron o
amt)r pluse capprd by 8 coollng Betholith wierlying
e caldrra, In syrface hot =pringe, fuarolar, ete,,
the *HesMe ratlo varler froe ot Lo 16 tieee the 3|r
catln, Tne vsrlaliont e prnduced By varging degrees
of dllvtion of the magantic cospnaent with redlogente
Arlive, Tne redingeniz heliva (° crertal-osrived and
1® thavght O Dr seavengerd from aquilers in whlrh the
hrdeatheras] flulds airguiats, Ve adeleoraineg e
heliun [eotople cosprcition In 1% different epringe
froa Lhe Lover Ceyoer Rasin, ¢ Iarge hrdarotherasl Waein
within he calders, Tne 'Ne/°He Pollo was fownd RO
vory froe =2.1 10 7.7 tless the 3ir rat10. The varis
atlons correlate vith varlatione In waler chemiotry,
Zoecificolly, the *Ne/*Ne rotlo Incresced vith total
blcardonate concentretion, The dirro
1> from gercwater«rock [natsractionr Ine
Na oslliraten, The concentiration of Blrerhencte I* @
Cunclina of he avtllanilily of diesnlved T0y, wAlen,
In twrn, 1o & (unetinn of Arep SallIIng wilh phace
eeparation prior Lo LUYBicarvonite converrion, ™™e
Lion of Nigh *Ne/“Ne raLios wilh NIgn Sicorber
nite (2 Interpreted af Lhe result of dorp Clivtion of o
elngle thernal Clvid with cooler water during arcent Lo
the purface. The d1iviion and ~ooling “astlerr desp
snlling, snd trerefore hoth (11, v *de ore retalned In
e rietng Fluid,  Flulde 1het ore At diluted will
will A & greater satenl, Lnring 8 lerge prapnrtinn of
‘ne, 3% well or Uy, lea e o hettumcpoor rerldual
fluld In which the [rotopie coapocilion of helfue will
Ve rlrongly affected by (he a4dition of radliogenie
holive, Tne hellve Isetnpic covpocitions are aleo
ffected By the prerence o  abcence of resrtive
vylcanie glars 1a shalliow reserenirs, the eoxtent of
thees enslliow reservolre, and 8y the abrorption of
rtern, derlved from the early slager of deep Wolling,
InMo nesr-ruwrlface cold witere, (Mellua [roteper,
nydrotherasl, Tellovelone caldars,)

3. Conphya, Rea., B, Paper $MA14Y
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DEFORMATION ASSOCIATED WITH THE 1986 CHALFANT VALLEY
EARTHQUAKE, EASTERN CALIFORNIA

Ry W. K. Grosg AND J, (°, Savack

The oheerved deformation between Jnniary 1985 nl duly 19496 {postenrtheunke)
of a precise trilnteeation network (Figuee 1) in the epicenten] nren of the Chalfant
Valley earthaqunke suggests that the enrthaqunke involved 1.3 m right-alip nnd 0.7 m
normal slip on a 15-km-long buried fault dipping S0°S85°W, The inferred seismic
moment is equivalent to a magnitude (M, or ML) 6.5 eatthquake,

The 1986 Chalfant Valley earthgquake renuence occurred within a trilateration
network (Figure 1) that had been surveyed eight timea between July 1972 and
January 1985, ‘The network was resurveyed in July 1986 following the main shock
in the Chalfant Valley sequence. All measurements in the network were made with
a Geodolite, nnd refenctivity correctiona were from end-point pressure meauire.
ments, nud temperature and humidity profiles determined from an aireraft flying
nlong the line at the time of ranging. The standard error in measuring the length
of a 20-km-long line is nbout 5 mm. The details of the measurement procedures and
the accuracy nttained are given hy Savage and Prescott (197),

The mensured line lengtha {or the 12 lines closeat to the epicenter are shown as
a function of time in Figure 2. Most of the lines show a aignificant change in length
in the interval January 1985 to July 1986, We attribute those changes to the
Challant Valley earthquake, Significant changes asxacinted with the 1980 Mammoth
J.akes enrthquakes and the associated inflation of the Long Valley calders (Savage
and Lisowski, 1984) can also be identified in Figure 2. The 1982 to 1984 offeet in
the line Tungaten-Sherwin in presumably a coseismic effect of the 1984 Round
Valley earthgunke ((Groxe and Savage, 19851,

Linex west of the line Banner-Sheswin i not show appreciable changes if the
1985 (o 1986 interval, Thix incltdes not anly the five solid linea shown in Figure }
hut also an adjoining 35-line network (o the west that includes the stations shown
as unconnected trisngles in Figure 1. In addition, the netwark shown by dotted
linew in Figire 1 wan aleo reurveyed in late July. 1t had Inst heen surveyed in 1982,
No apprecinhile changes in those line lengths were abeerved in the 1982 (0 1986
interval.

‘The lines out of stntion Chalfnnl were menxured on 22 July the day after the
main shock in the Challant Valley requence and ngain on 28 July. Both measure.
menix are shown in Figure 2. Ax can be seen, na significant change in the lengtha
was detected in the onec-week postearthquake interval, *

The displacement of the trilateration stntions in the interval Janunry 1985 to
July 1936 cnn be eajeunlated from the ohuerved changes wn the line length in the
same intervnl (Figure n). Hecause the trilnteration mensurements are internal to
the netwark and not tied to an external feame of referenee, the displacement field
is achitrary in the sense that any rigid body motion of the netwark as a whole may
be added, We have resolved this ambipuity by selecfing that dispiacement field
which minimizes the displncementa of the wedtermmost siatione in the nelwork
{stations shiown as solid triangles in Figuree ) as well acxome stntions even fasther
west (stations shown ns isolated open triangles in Figure 1), A long as the stations
closest 1o the cpicenter {(Cara Diablo, Chalfant, and Falls) are excluded, the

i {H

TUE 1 CHALFANT VALLEY, UA, FARTHQUAKE, HEQUENCY a07

T samtONm

Fiez, 1. Map of the trilateration network. The Chalfant Valle b i V
‘ v work, v earthrmiake epicenter is o} t
:‘-prn star nosth of lchop, The pppemzimate afiershock area in enclimed hy lbfplmln-v :h;::lwrm'\‘l'-:?:
Twe (rinngles show tesfaterntson <tatinne 1n fiuded in the existing CGenbilite networks “The il atmra
show the epcenters of the previses pram ol aherke int the Mamimath Labes sereme

displacement solution is relatively insensitive to which atations are included in the
aet.for which the rma displacement is minimized. The aignificant (eature in Figure
Ja is the magnitude of the displacementa at Casa Diablo, Chalfant, and Falls.

We have constructed a dislocation maodel to explain the line.length changes
olnotvod in the interval 1985 to 1986. In thia madel, the earth is n-pmwnle;i by an
elnatic Iml.f sspace and the faull rupture by a rectangulnr dislocation loop (Mnn-inhn
and :?'mylu-. 1971). The best-fit model was obtained by perturhing an initial trial
mlu.ho.n that was ruggested hy the seismological data fnftershmk distribution and
preliminary focal-mechaniam solution). ‘The projection of the hest-fit mipture upon
the free aurface in ahawn in Figure tb. The fault dip i« 50°S55°W, with the nupture
¢ nlong-stike dimenaion of the rupture is
it ppests <t 2 0.1 right-<lip and 0.7 = 0.1 normal & p
Ibe rexidual displacementa that remain a ter the coweismic
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FiG. 6. P-wave first-motion plots (lower-hemisphere, equal-area projection) for the largest foreshock
{A1, the main shock (B), and the larglgst aftershock (C). Triangles and circles denote dilatation and
compressional arrivals, respectively. T and P represent the calculated tension and pressure axzes,

respectively.

31 July at 0722 (UTC), an M, = 5.8 aftershock occurred at the southeastern end of
the seismic zone (Figure 4E) at 37°35.5’N, 118°28.4°W, and a depth of 9.2 km. This
event appears to have had its own aftershock sequence that outlined a rupture zone
to the north-northwest over a depth range of from 5 to 8 km along the main shock
rupture zone. In the following 2 months, August and September, seismic activity
continued along previously outlined trends throughout the seismic zone (Figure 4F),
with two notable exceptions. First, an area 2.5 km north of the 31 July event became
very active. Second, on 2 August, over a period of about 2 hr, a sequence of small
earthquakes, the largest having a magnitude of 2.4, occurred at a location about 4
km north of Bishop (Figure 4F). . .

Focal mechanisms. P-wave first-motion fault plane solutions have been derived
for three of the earthquakes larger than magnitude 5 and are shown in Figure 6.
These fault plane solutions are especially well-constrained due to the dense station
coverage near the epicenter and the fact that these earthquakes were sufficiently
large to have had impulsive arrivals out to distances as great as 400 km. All three
mechanisms show primarily strike-slip with a small component of normal slip. The
preferred foreshock focal mechanism solution (Figure 6A) shows predominan:ly
lefi-lateral strike-slip movement along a plane striking N25°E and dipping 75° to

* the northwest. In contrast, the preferred main shock focal mechanism solution

(Figure 6B), which agrees with the distribution of the main shock aftershocks,
strikes N25°W' and dips southwest at 60°. The rake on this plane is —180°, indicating
pure right-lateral strike-slip movement along the southwest dipping plane. The
preferred plane for the 31 July aftershock strikes N15°W, dips 90°, and.has a rake
of 160° (Figure 6C) that indicates almost pure right-lateral strike-slip movement:

Bulletin of the Seismological Society of America, Vo!. 77, No. 1, pp. 280-289, February 1987

) THE 1986 CHALFANT VALLEY, CALIFORNIA, EARTHQUAKE
SEQUENCE

THE JULY 1986 CHALFANT VALLEY, CALIFORNIA, EARTHQUARE
SEQUENCE: PRELIMINARY RESULTS
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Seismic and Aseismic Deformation Associated With the 1952 Kern
County, California, Earthquake and Relationship to the
Quaternary History of the White Wolf Fault

ROss 'S, STEIN'

Department of Geology, Stanford Untversity, Stanford, California $4305
U.S. Geological Survey, Menlo Park, California $4305

WAYNE THATCHER
U.S. Geological Survey, Menlo Park, Colifornia 94305

Synthesis of geodetic, geologic, and scismic data from the White Wolf fault, California, indicates that
the fault scparates an area of late Quaternary and conunumg rapid uplifi in the Tehachapi Moantains ‘e
and Transverse Ranges from even more rapid subsidence in the southern San Joaquin lecy On July
21, 1952, rupture of the White Wolf fault produced the M, = 7.2 Kern County earthquake, We waed the
afiersbock zone to delimit the size of the faulted slip surface and applied constraints imposed by the
known 1952-1953 horizontal shear strains to model the measured coseismic vertical displacements, with
an clastic dislocation model. A curved fault trace with decreasing fault depth (27 o 10 km from the sur-
face vertically to the base), slip (3 to 1 m), and dip (75° 10 20°) from the 1952 epicenter ot the southwest
end of the fault toward the northeast provides the it most consistent with the geodetic record, the mea-
sured scismic moment, the fault-plane solution, and the patiern of surface rupture. Two short releveled
lines near the 1952 epicentcr tilted 4 and 17 xrad down to the north from $~10 years before the earth-
quake; the preseismic tilts differ significantly from ten other surveys of these lines. Left-lateral fault-
crossing shear strain from 0.2-20 years before the quake'was two times greater than both prescismic off-
fault strains and the posi-seismic fault-crossing sirains. During the first scven years after the eanbquake,
aseismic deformation was negligible. From 1959 to 1972 uplift reached 160 mm over an ares larger than -
the aflershock zone, rising first in the epicentral region and then at the nortbeast end of the fault This
was unaccompanied by any surface fault alip. Reconstruction of the vertical separation on the White
Wolf fauls from late Quaternary and late Mioceae stratigraphic marker beds shows that the rate of re-
verse fault slip increased forty-fold, from 0.1-0.2 mm/yr to 3-9 mm/yr, between the past 1015 m.y. and
the most recent 0.6~1.2 m.y. We estimate 3 170- to 450-yr average recurrence interval for earthquekes on
tbe White Wolf fault with slip equivalent to that in 1952. The 1952 carthquake sppesss to be character-
istic of the Quaternary record of fault displacement in the increase in White Wolf slip toward the San
Andreas fault, the ratio of reverse to lateral slip (1.3:1), and the ratio of vertical fault slip to emergence of
the hanging wall block (3:1). The >8500-m-deep sedimentary basin on the down-thrown block cannot
be explained by repeated slip of the White Wolf fault in an elastic medium.

4920 STEIN AND THATCHER: WHITE WOLF FAULT DEFORMATION

TABLE 2. Model Fault Parameters

Fsult Segment 1 (West) 2(Central) 3 (East) Net r
Strike N73‘E NSS°E N43I°E '
Dip, deg 75 s 20
Reverse slip, m 24 (2.9) 1.0 04 13 =
Left-lat alip, m 20(2.0) 20 1.0 L7
Upper depth, km $.0(5.0) 35 20 .

Low depth, km 27(19) 15 10
Mowent, Mo, dync cm 5.7 x10% 33 x 103 1.6 x 10% 1.1x 10¥

The values shown in parentheses correspond to the 19 km deep fault model shown as & dashed curve in
Figure 7. The dislocation program divides each segment into two planes with identical parameters except
for strike, in order 1o smooth the strain field near segment junctions.

carthquake was calculated by Ben-Menahem [1977) to be 0.84  depth and location of faulting and may not am}cly record
% 107" dyne cm. Here M, = uTud, where g is the elastic mod-  the buried slip and jts variation along the fault strike.

ulus of rigidity, assumed to be 3 X10" dyne/cm?, « is the slip

magnitude, and A is the slip surface area, The geodetic model Summary

Fatde 14w 2 0w WY¥T ennforming withip observational error Decreasing fault depth, slip, and dip away from the l952 /}1
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August 5, 1987

Robert Rothman

NRC-Phillips Building Complex
7920 Norfolk Avenue

Bethesda, MD 20814

Dear Bob:

Enclosed is a review of the PG&E progress report of
June 24, 1987 entitled Empirical Ground Motio:rs
Investigations of PG&E Diablo Canyon Power Plant Long Term
Seismic Program. 1 have limited my comments tc a review of
this document since PG&Es empirical ground motion
presentation at the July 15-16 workshop was confined to this
report. All my comments expressed during the caucus after
the workshop are included in the review. 1In addition, there
are many more comments that relate specificalily to the
details of the analysis that have arisen as a direct result
of my review of the document.

My comments are quite specific, many of them relating
to a lack of documentation for many of the ccnclusions drawn
in the report. I have also asked several clarification
guestions throughout the review. If these. questions are
answered and the report is modified to includée the proper
documentation, I will have an excellent basis from which to
express my opinion regarding their empirical ground-motion
studies.

I will be on annual leave from August 7-23. If you
have any questions, I will be in the office oz the 24th,

Sincerély yours,

Kenneth W. Campbell







REVIEW OF JUNE 24, 1987 PROGRESS REPORT
YEMPIRICAL GROUND MOTIONS INVESTIGATIONS FOR PG&E
DIABLO CANYON POWER PLANT LONG TERM SEISMIC PROGRAM"

Page I-1. There is no mention of verticai ground
motions or peak velocities. Are these parameters going to
be” addressed as part of your study?

Page 1-2. Site-specific response spectra are presented
throughout the report as an 84th» percentile estimate over a
narrow period band anchored to a median PGA. Spectra should
be analyzed and presented on a period by period basis using
a consistent percentile throughout the entire period range
of interest. The practice of anchoring a narrow-band
spectral average to a2 median PGA results in a site-specific
response spectra that has an inconsistent level of
uncertainty throughout the period range of interest.

Page II-1. There is no mention of the shear-wave
velocity criterion for defining a site as rock-like. At the
workshop, you mentioned that a site was considered rock-like
if the surface shear-wave velocity was 2000 fps or larger.
Any criteria used to select sites for the PG&E rock site
data base should be explicitly stated in the report.

Was the shear-wave velocity criterion ccnsistently
applied for all sites? It appears from Table II-1 that
there are sites that do not meet this criterion. Especially
suspect are those sites composed of Pliocene sediments.

Also suspect are the Tabas and Gazli sites. The literature
I have reviewed suggests that these are soil sites. What is
your basis for classifying these sites as rock-like?

Also omitted form the report is your 3-meter limit of
soil depth mentioned at the workshop. There are a few sites
listed in Table II-1 that exceed this limit. Was this
criterion consistently applied? I question the inclusion of
sites having even a few meters of soil as rock sites,
although, my results would suggest that their inclusion will
have a tendency to conservatively increase estimates of
ground motion at high frequencies.

Later in the report you state that your spectral
analyses were done for frequencies in the range 0.5-25 Hz
(0.04-2 sec). For site-specific spectra, yocu stated an
interest in frequencies as high as 33 Hz. You should be
aware that many of the response spectra used in your studies
are not valid over this entire frequency range. Most
spectra computed since 1971 have been lowpass filtered at 23
Hz, substantially reducing spectral ordinates at frequencies
higher than this threshold. ZEXven 1971 and older spectra
have been filtered at 25 Hz. The spectra have been highpass
filtered as well. Although the standard Caltech filter was







15 sec, Trifunac has shown that many of thess spectra are
dominated by noise at peraiods substantially =maller tlran
this. Most spectra computed since 1971 have a variable
highpass filter that can be as high as 1 Hz. I would
strongly recommend that ycu only use that pcrtion of the
spectra that is unaffected by the filtering srocess or not
dominated by noise (as determined by Trifunzc) for your
analyses. The spectral values outside this band are totally
unreliable.

1 (D

All parameters in the attenuation relat:onships should
be explicitly defined. For example, did you use the mean of
the two horizontal components to define PGA and response
spectral values, or did you use both components? How was
closest distance to the fault rupture defined and computed?

Page II-2. I object to the use of hypocentral distance
for some of the "smaller" earthquakes when fault distance is
unknown. Which of the earthquakes used in your analyses did
not have fault distances available? Even eazrthquakes of
M=5.0-5.9 have fault rupture zones that are 2 significant
fraction or even larger than the distance of concern in this
program (R=4.5). Furthermore, hypocentral cistance is
traditionally a very uncertain parameter because of the
large uncertainty associated with the computation of focal
depth.

Table II-2. Why is the 1978 Santa Barkara earthquake
excluded? There were rock sites that recorced this
earthquake. Its exclusion suggests .that you have not
explicitly stated all your criteria for selecting a
recording for your data base. These criter.a should be
clearly and concisely stated.

Page III-1. I disagree with the use o0 "modified" soil
recordings for the site-specific analyses. I acknowledge
that there are very few recordings that meet your criteria
for selecting such records, but one should not compromise
the consistency of the data base because of this paucity.
Site response is highly site specific, making generic
corrections to specific recordings subject to great
uncertainty. I would rather see you search for other rock
recordings that meet your criteria, or modify your selection
criteria to include more rock recordings. The lack of rock
recordings at very close distances to M=7.0-7.5 earthquakes
is a fact we have to live with. If there are insufficient
rock data to do a site-specific analysis, then you wiil
simply have to rely on the results of the regression
analysis to estimate ground motion for the project.

Page III-2. Here and elsewhere I would recommend that
you present all of your results separately for strike-slip
and reverse/thrust fault mechanisms. If they are combined







with "equal probability" it is difficult to see the
difference in the two results.

Page III-3. I feel that undue emphasis is being placed
on the mean spectral value for the 3.0-8.5 frequency band.
The entire frequency band of interest--stated later to be
0.5-25 Hz for the regression results and as high as 33 Hz
for the site-specific results--should be treated with equal
emphasis. Averages over specific frequency bands should not
be used to characterize either site-specific spectra or
spectra derived from regression analyses. I believe NRC
would like to get away from the idea of a '"spectral shape."

Page III-4. Since NRC may not accept your tentative
selection of M=7.0 as the SSE for the site, I would suggest
that you do an alternate site-specific analysis, if
possible, for a M=7.5 event.

Page III-5. After reviewing the literature, the
empirical results summarized in Appendix B, and my own
empirical results, I feel that the factor of 1.2 used to
convert between strike-slip and reverse/thrust fault
mechanisms is too low.

Why are all of your spectral results presented in terms
of pseudo-absolute acceleration, Sa? It is more common to
display response spectra in terms of pseudo-relative
velocity (PSRV). Results presented in terms of PSRV would
be more easily understood and compared with the results of
others.

Table III-1. Why were the 1985 Mexican and Chilean
earthquakes excluded from your site-specific study? There
is only one earthquake that has a magnitude greater than
your target magnitude. These events, if they were to fit
your criteria, would add several more recordings at
magnitudes exceeding your M=7.0 design event. In addition,
if your were to do an analysis for a M=7.5 earthquake, these
two events would be the only two that have magnitudes above
this value.

Table III-4. Why not include the extensive work of
Bernreuter and others at LLNL in addition to those listed in
this table? They have developed frequency dependent site-
correction factors for use in their seismic hazard
characterization of the Eastern United States project.

I am unable to find adequate documentation of the Seed
and Schnable (1980) reference. There is insufficient
documentation in the stated reference. Could you provide me
with a copy of their paper so that I may review the basis
for their results?







Table 1II-6. As stated previously, I feel that the
adopted fzctor of 1.2 1is too low considering values
availlable in the literature and the results c¢i both your and
my empirical analyses.

Figures II1I-6 and I1XII-7. Were the various equations
pletted in these figures used with the appropriate distance
measure? If so, how were the various measures related to
one another? Which measure was used to plot against? 1If
not, these results can be quite misleading and your
conclusions based on them are subject to considerable
uncertainty.

Figure III-8. Trifunac and others and Bernreuter and
thers also have relationships that can be used to define
spectral ratios between soil and rock. However, as stated
earlier, I do not believe one should modify soil' recordings
to rock for the purposes of estimating site-specific

spectra.

Page IV-1. You allude to supplemental analyses of soil
site recordings from previous and current studies to help
constrain some the parameters in the attenuation
relationship. If so, these results should be presented or
adequately referenced so one can independently review the
basis for these constraints.

All parameters in Equations (1) and (2) should be
explicitly and precisely defined.

You should present the results of all the statistical
analyses performed in this section. A full documentation of
these results is necessary if one is to have sufficient
information with which to review the analyses. This
includes the analyses used to establish the "constraints" on
coefficients C3 and C(M).

Why was the analyses restricted to M>6.57 This seems
extremely restrictive for a regression analysis, especially
when already constrained to a very limited rock and rock-
like data base. How many earthquakes and recordings were
used for this analysis? You should tabulate these data so
one can judge their adequacy.

Was C(M) determined from the multiple regression
analysis based on Equation (2)? If not, what was the basis
for determining this extremely important parameter? _._

Page IV-2. It appears from the discussion here that
you further restricted your regression analyses to
reverse/thrust events. If this is so, it appears that you
have severely restricted your data to include only M>6.5
reverse/thrust earthquakes with recordings on rock or rock-
like sites. You should show the results of all analyses and







explicitly tabulate each of the data pases used_to perform
these analyses so one can gee the empirical kzsis of your
attenuation relationships.

As stated previously, I do not believe that all of the
spectra used in your analyses are valid over the entire
frequency range of interest.

The analysis of S using the ratio Sa/a is again based
on the concept of a "spectral shape." The estimation of Sa
from Sa/a and a has much greater uncertainty associated with
it than the estimation of Sa directly, if one properly
computes the uncertainty as confidence limits. This is
because you are combining two random variables to compute a
third, which must necessarily result in larger uncertainty
unless the two variables being combined are perfectly
correlated.

The above discussion brings up a topic that is often
neglected in the literature. That is, the uncertainty in a
regression analysis is commonly reported in terms of the
standard error of estimate. This, however, is not the only
uncertainty that should be considered when making
"predictions" from such a relationship. The uncertainty in
a predicted value is also dependent on the uncertainty
associated with the mean estimate. This latter uncertainty
can be extremely large when the estimate is based on an
extrapolation of the model. Therefore, the appropriate
guantification of uncertainty in a predicted value is by
means of confidence limits, which includes both types of
uncertainty. Use of the standard error to quantify )
uncertainty in a predicted value can lead to a substantial
underestimate of the true uncertainty.

You should tabulate the regression results for each
period analyzed.

Was the C2'(8.5-M)2 and C(M) terms empirically
determined? If so, you should give the empirical results so
one can judge the significance of these results. 1If not,
what was the basis for determining these terms?

Page IV-~3. I would expect there to be significant
differences in attenuation with distance for Sa. as a
function of frequency, especially beyond 10-20 km. Your
setting C3'=0 violates this. Even though the "distance of
engineering interest'" maybe less than 30-40 km, your___
attenuation relationships are being determined from data
recorded at distances as great as 300 km. Therefore, it is
important that any difference in attenuation as a function

of frequency be included if so required by these data.
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Was the same functional form used to estimate Sa used
to estimate the average Sa over the 3.0-8.5 Hz frequency
“band?

Was the spectral analysis restricted to M>6.5
reverse/thrust events as was the PGA analysis? 1If so, this
seems too restrictive for a multiple regression analysis.
You need to specify the exact data base used for these
analyses,

Page IV-4. You specify throughout the report that
estimates are for equal weighting of reverse/thrust and
strike-slip mechanisms. I would prefer to see the estimates
and plots presented separately for each type cof faulting.
Were the strike-slip estimates estimated from the
reverse/thrust estimates using the factor:1.2?

Figure IV-1. In this and subsequent figures, the
captions refer to the results as those from the
reverse/thrust attenuation relationships. Yet, data from
strike-slip events are superimposed on the curves. This is
extremely confusing. If the regression analyses were
performed on the reverse/thrust data only, then only these
data should be plotted. If you want to show how well the
predictions agree with the strike-slip data, then you should
present these as separate plots. The plotting of data not
used in the analyses gives the impression tha%t much more
data was used to establish the relationships than was
actually used.

Figure IV-17. The regression results plotted as a
function of frequency on this and previous figures are
extremely smooth. How was this smoothing obtained? By
smoothing, you have modified the original regression
results. I would prefer to see the unsmoothed spectra
plotted in these figures. If you would like to show
smoothed spectra, than they should be shown in addition to
the unsmoothed values. If smoothed spectra are used to
provide estimates of spectral ordinates, then your smoothing
scheme needs to be fully documented. : :

References. Throughout the paper, two studies are used
and referenced for which there is no adequate documentation.
These are Sadigh and others (1986) and Seed and Schnable
(1980). References to these studies are in the form of an
abstract and a summary in a second publication,
respectively. Unless sufficient documentation is available
for these studies in the form of a report or journal
article, I would strongly suggest that they not be used. If
reports are available, I would like to have a copy to
review. If reports are not available, how can your defend
the use of results that are not documented?







Appendix B. Although you present the aigorithms for
performing weighted nonlinear regression ana.yses, you never
state whether you used a weighted analysis in the regression
analyses discussed earlier in the report. Were weights used
in your analyses? 1If so, what was the algor:thm for
computing them and what is the basis for the algorithm?

Approximate confidence intervals can be very poor
estimates of the actual confidence intervals for
coefficients having highly nonlinear distributions (such is
the case for the ci1 and c2 coefficients in the function
C(M)=c1 exp{(cz2)). In this case, Monte Carlo techniques must
be used to establish the actual nonlinear distributions (see
Gallant, 1975 in your reference list).

Appendix C. You should present the results of the
regression analyses discussed in this appendix.

Your regression results using all the data, probably
the most statistically robust analysis, results in a' fault-
type term of C¢=0.32, or a 38% higher PGA for reverse/thrust
events as compared to strike-slip events. Yet, you have
adopted a factor of 1.2 to relate these two fault types
throughout the report. As stated previously, I feel that
your factor of 1.2 is too low, considering the results in
the literature, your empirical results, and my own empirical
results.

The smaller difference in fault type seen for the
larger earthquakes at larger distances may simply be a
result of different attenuation rates for the two types of
events. Since you are primarily concerned with near-source
ground motion (R=4.5), it would seem more appropriate to
emphasize the near-source results, and, hence, the larger
factor for fault type.

If either the rock or soil site data were restricted to
distances of 50 km or less, how would your results change.
Would fault type become more significant? How would other
coefficients in the relationship and predicted values
change? Such an analysis should be done for all the studies
presented in this report to insure that the use of far-
source data has not unduly biased your near-source
estimates.
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4 October, 1987
Dr. Morris Reich
Head, Structural Analysis Division
Department of Nuclear Energy
Brookhaven Netional Laboratory
Upton, Long Island, New York 11973

Re: Comments on Meeting of 15-16 July, 1987 with
Ground Motion Panel on Long Term Seismic Program
for the Diabio Canyon Nuclear Power Plant

Dear Dr. Reich:

This letter report presents a summery of my comments on the
presentations made by the DCLTSP Project Team at the subject meeting. The
meeting focused primarily on the current status of the numericel ground motion
studies, with only a rather short summary presentation made of the state of
the empirical ground motion developments. The meeting wes extremely
worthwhile for me to sttend, however, to obtain informstion on the ground
motion calculations which will eventually be used as input to both the fragility
end the SSI tasks. Prior to the meeting, I received a copy of preliminary reports
describing the detailed activities being conducted in the ground motion ares.
These reports were extremely helpful to me in preparing for the meeting and in
reviewing after the meeting so os to be able to prepere this summary document.
This procedure should be followed for all workshops.

Comments on Empiricel Ground Motion Studies

Referring first to the empirical ground motion study, the progrom
presented by the Project Team appeers to be reasonable for such @ complex
problem, as 1 have stated previouélg. Currently, 157 sets of three component
records obteined at distances within 300 km are available from S5
earthquekes. From this date base, a reduced set of 18 strong motion records
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were selected to perform site-specific statistical analyses, these records
being chosen based on magnitude, distance, site condition ond foult type
cheracteristics. Attempts were then made to suitably scale these recordings to
account for differences between conditions at the recorded site and the DC
site.

‘Due to the extensive scatter in the available date base, the
recommendation was made at the meeting that the target PGA should be based
on the 84th percentile of the data base, as is current proctice, and not the
SOth percentile as recommended by the Project Team. 1 have several additionel
questions on some details of this program. First, the reduced deta base yrhich
is being recommended for input to both the structures anc PRA programs is
strongly influenced by the judgement that either the strike/slip or reverse/slip
fault mechenism is predominant. No specific consideration, however, seems to
be given to the impact of other assumed fault mechenisms on characteristics
of the potentisal ground motions which may be sustained at the site {frequency
content, as well as PGA). If it can be shown, for example, thet fault mechanism
does indeed have an impact on frequency content of the ground motion, this fact
yrould play @ role in the judgements to be made during the PRA study, no meatter
how remote the possibility of the particular foult occurring.

Secondly, I have some concern of the impact of the sssumed spectral
amplificetion in the 3 to 8.5 hz range on the ground motion progrem. This
assumed amplification is not based on any DC site characteristics, but rather
on some subjective judgements which were made early in the LTSP progrom.
Statements have continually been mede at the various ground motion
discussions that this is the primsry frequency range of interest to the SSI and
fragility programs. This is in fact not the case, with the important frequency
range probably more like 2 to 20 hz. A side concern associated with this
srtificial sceling in this frequency range is that actuel sccelerograms will not
be oble to be used directly in the structurel response program. Rather,
artificial motion histories ill have to be generated to metch these scoled
spectra. No specific discussion of this problem has yet been presented.

Comments on Numerical Ground Motion Studies —

Relatively detailed presentations were made on the various simulstions
being used in the numerical modeling area. The objective of this phase of the






ground motion program is to provide additionel information to the ground
motion stidy that cannot be generated from the empirical program alone.
Impact "of site specific fault behavior and” geologic configuration can
potentially be studied to determine the impact of DC site parameters con
seismic motions. As I have stated previously, this effort is impressive and,
from on scademic point of view, extremely interesting. The approaches being
contemplated are extremely complex and at the forefront of the current state
of the art.

However, it oppeors to me that o significent effort must still be
expended to verify the adequacy of these computations, particulerly in the
frequency renge of interest to the SSI end fragility studies. This verification
becomes more important since the current plans outlined at the meeting
indicate that of the total number of ground motion suites to be input to the
fragility prograem, 12 will be taken from the empirical program and 14 from the
numerical progrem. Thus the results from the numerical modeling study will
now have a significant impact on all of the structural response calculations.
Questions of the edequacy of the compulations must therefore be sddressed.

I will try to summarize some of my specific concerns with this program.
I should mention that the following discussion is restricted to the numerical
modeling study only. Thus the term “empiricel” and "semiempiricel” mentioned
below refer not to the empirical ground motion study, but rather to the
numerical methods being used in the celiculationals.

1. It is stated in Enclosure B of the handouts that the empirical Green's
function epprosch, which was described ot previous ground motion
vorkshops, is limited by ihe necessity for using strong motion recordings
from the Imperiel Volley site to represent wave propagation characteristics
et the DC site. In addition, the restricted number cof recordingé available
from the Imperial Yalley site further limits the applicability of the method.
The implication of these statements, of course, is that the method should
not be used to generate site-specific data for DC.

2. As aresult of item 1, the Project Team has moved to an improved method,
the semiempiricel single source method. Again, this spproach must'be fit to
the dota at onother site (Imperisil Yalley) before application can be made to
the DC site. This method relies upon significant scaling assumptions to
alloyr matching of the computed data with the measured data for the large
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event'at Imperisl Yalley, with these scaling functions being to o significant

extent intuitive in nature. In faoct, aithough the method relies upon highly
complex analytic solutions to the wave propagation problem, the scaling
procedures used can to some extent be considered curve fitting. Thus, the
applicability of the results to the DC site is agein highly questionable.

. If one compares Figures 4.16, 4.17 -and 4.18 (horizontal motion) and Figures

4.20, 4.21 and 4.22 (vertical motion) of Enclosure B of the handouts, one can
nole significant differences between the results of the celculations with
both the empirical and semiempirical methods as compared with the
measured site detle at Imperial VYalley. This is especielly true for the
vertical recordings. Although the comparisons may be considered acceptable
from o quelitative point-of-view, they certainly are not from an engineering
perspective, where structural responses (loads and stresses) ere directly
proportional to accelerstion levels and not the log of these ievels.
Differences of the order of tyo in acceleration are significant.

Since the methods ere essentislly being curve fit to the Imperial Yalley
dota, discrepancies between meoasured and computed data are a direct
indicetion of shortcomings of the methods of prediction. Differences at the
DC site may in fact be even greater than those at the 1V site. The Project
Team apparently is also concerned since they have noyr introduced & third
approach, the multiple source semiempiricel method, to further improve the
predictions. These again must be fit to the Imperial Valley data. Therefore,
although the methods ere based on complex wave propsgation methods of
enalysis, significant efforts should be made to improve the confidence level
in the computed responses.

4. The verious computational methods presented are based on the generalized

rey method of snalysis. The Q structure model used to describe domping in
the rock system is shown in Table 1 of Enclosure C to be varisble with
depth, with the P-wave demping token as half the S-wave volue throughout
the system. A comment yeas mode ot the presentation that in fact the Q
structure used for the computations was not variable with depth but rether
was constant. No justification was presented anywhere in the presenteation
for these assumed damping values, nor were compansons with Yaboratory
damping data mentioned.
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Of more importance, no deta was ‘presented anywhere to indicate the
sensitivity of the computed acceleration responses to the assumed
Q-structure. Offhand, one would expect that the surfoce deta vrould have
significont impact on such celculations. In Enclosure C, it was further
indicated that an average Futtermen Q operator was assumed to simplify the
time domein integrations in the generolized roy computotions. The
implication of this assumption, particularly in the low Q near-surface
region, was not discussed. Thus the entire trestment of materisl deamping,
which yvould appear to have major impoect in the frequency range of interest
to the structures at DC, is neglected in the Project Team's presentations.

5. The generalized ray methods presented in Enclosure C consider only body

waves (P and S waves) in the computations. These celculations indicate
reasonable correspondence of primary errivel times with the more exact
wave number solutions, as well as other general characteristics of the
response. Rayleigh wave effects were shown to be small for the case of &
fault asperity at a depth of 9.5 km. However, for the case of a fault
structure which extends close to and even to the ground surface {apparently
o reasonable possibility at the DC site), Rayleigh wave and other leyer
interface effects may be significant but cannot be included in the ray
approaches. :

6. The Project Team indicates that the frequency dependent sceling above 2 hz,

used in the muitiple source approach, is extremely difficult to quantify and
in fact may lead to errors of the order of three or more. The multiple source
functions are therefore corrected by essentially curve fitting the computed
to measured responses at individual stations. The application of this
procedure to sny other location besides the site where the responses are
measured is therefore highly questionabie.

*

. In Section 5 of Enclosure B, comparisons are made between computed ond

measured accelerograms (Figure 5.9). Again, although such comparisons may
appear qualitatively eppealing, they certsinly have no engineering
significance in themselves. Variations in peak g's (a more importent
engineering paremeter) with range in Figure 5.10 indicate significent
differences. The comment that the “simulations agree “well with
observations® is in my opinion not appropriate. Differences of the order of 2
or more in spectral acceleration in the 2-20 hz range are important {(see, for
exemple, Figures 5.11 to 5.34).
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Comments on Coherence Approaches

The approach proposed to treat the impact of high frequency incoherence

on site response appears to be a reasonable one. Again, I have several specific -
questions about the proposed program.

1

The incoherence models ere to o great extent being celibreted from the
small event thet occurred offshore, directly opposite the site. No discussion
has yet been presented to indicate thet incoherence effects for such small
events will be the seme as those associeted with the larger events of
interest to this program.

Judgements made about source contributions to the incoherence model
which are based on the Imperial Valley simulations must be considered
highly suspect, since these calculations may have significant numerical
errors at the higher frequency range, where incoherence effects are most
important. '

The data from the offshore event mentioned above, as well as the site data
developed from the air gun experiments being conducted, are influenced by
the foct that the power plant structures are now in place. The assumption is
made that these structures do not have an effect on the measured site
responses. It is not clear to me that SSI :effects are not impacting the
coherence calculations, with the effecive result of double counting these
effects in the structures/fragility studies.

Comments on Proposed Utilization of Ground Motions

In Enclosure D, the Project Team presented results for fourteen different

simulations, and recommended model 9 as a typical ground motion which could
be used in the deterministic SSI study. Since any of the computed ground
motion records could be expected to occur with equal probability at the DC site,
the Team should justify this selection. It appears thst model 6 of Table 3.2,
vwith a peak ZPA of 1.05 g's, would lead to a more critical structursl-response
than model 9, which has a pesk ZPA of 0.75 g's.
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Summary

In summary, therefore, it seems to me that more work is required by the
Project Team to verify that the numericel results being generated by the
various generalized ray methods are reasonably accurate, particulerly st the
frequency ranges of interest for the DC structures. This is perticularly
importent since the current plan calis for a major dependence on these
numerically generated accelerograms as input to the fragility studies.
Sensitivity of these results to reesonable varistions in the modeling
parameters must therefore be determined.

In addition, the frequency range of 3 to 8.5 hz may be an importent fector
in arriving at site specific ground motions. This range appears to be relatively
arbitrary, and not associeted specifically with the DC site. As mentioned
previously, a direct result of the sceling associated with this frequency range
is a loss. of the specific time histories associated with the spectra being
developed in the empirical program.

In closing, I would like to reiterate that attendance at the Ground Motion
Panel meeting was extremely valusble to me in being able to judge the
adequacy of the information being supplied as input to the SSI program. Such
information will obviously pley an important role in evaluating the
completeness of the SSI calculations currently being performed. I vrould also
like to teke this opportunity to thank the members of the Project Team for the
effort they made in their presentations.

Respectfully submitted,

Cod\adaskecs
entino

Cerl Jd.C
Professor of
Civil Engineering







