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March 12, 1987

Mr. Gus Giese-Koch
Engineering Branch/M.S. 316
Division of PWR Licensing-A
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Giese-Koch

Enclosed please find the independent panel member comments pertaining
to the Long Term Seistrrfc Program (LTSP) soil structure interactions studies
presented by Pacific Gas and Electric Company and their contractors at the
December 10-12, 1986 meeting in San Francisco, California.

Ve ly yours,
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o s'e ch, Head
Structural Analysis Division
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DEPARTMENT OF C I VIL ENGINEERING

THE CITY COLLEGE OF THE

CITY UNIVERSITY OF NEH YORK

NEH YORK, NEH YORK 10031
212-690-4228

Dr. Morris Reich
Head, Structural Analysis Division
Department of Nuclear Energy
Brookhaven National Laboratorg
Upton, Long Island, New York 11973

5 January, 1987

Re: Comments on Meeting of 10-12 December, 1986 with .

Soil-Structure Interaction Panel on Long Term Seismic
Program for the Diablo Canyon Nuclear Power Plant

Dear Dr. Reich:

This letter report presents a summary of mg comments on the
presentations made bg the DCLTSP Project Team at the subject meeting. As you
are aware, the meeting was a presentation on the current status of the
soil-structure interaction program. This work represents the effort which has

been completed th'rough the Phase.IIIA effort of the Long Term Program. In

addition, a short summ'arg presentation was made'of the current status of the
corresponding ground motion activitg, which was presented in detail at the
October meeting.

{I) A summary presentation was made of the rock property data available for
use in the SSI program. This information was generated during the Phase II
effort of the program. In the presentation, laboratory shear modulus data
was presented in a normalized form, in the fashion that is typically used in
the various SSI computer programs (FLUSH, CLASSI, SASSI). In this foehn of
presentation, the scatter in the laboratory data at low strain appears to be

minimal. However, the seismic down-hole data, the primarg low strain data
available, apparently led to a spr'ead-of +30K in shear modulus. fn addition,
the summary data was plotted from the test results from all samples
tested. It was not clear how sample depth impacted this data. I would
recommend, therefore, that the entire experimental data package available
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be presented. in non-normalized form, together with an explanation of how
the data was generated, the variablilitg with depth and strain level, and the
specific definition of damping being used. *

(2) The project team has decided to use a foundation material damping ratio
(presumably the hysteretic damping ratio) of 2X throughout their
calculations, on the basis that this damping ratio is a lower bound to all
the data. I would recommend that the Team present some SSI calculations
using higher levels of material damping to ensure that this lower bound

damping value in fact leads to an upper bound structural response
throughout the frequency range of interest. This is particularlg true for the
containment structure, where rocking motion has been found to be so
important.

(3) It is mg understanding that the numerical ground motion studies will be

used to (a) generate additional suites of input records to be used in the SSI

studg, (b) develop conclusions as to wave incidence angles, and (c)
incorporate the only attempts to assimilate local geology on input ground
motions. As I have mentioned in mg previous reports, the SSI calculations
are being made using rock damping definitions which are different from
those being used in the numerical ground motion modeling studies. These
differences in damping definition mag have a significant effect at the
higher frequency range of interest to the SSI program. No discussion of this
topic was presented at either this SSI panel meeting or the previous ground
motion meeting held in October. I would recommend that these
discrepancies be addressed.

(4) It is mg opinion that the Project Team has done an outstanding job in
debugging, verifying and benchmarking the CLASSI and SASSI computer
programs. As anyone who develops and operates large scale computer
programs appreciates, the task of marrging the output from two
fundamentally different computer programs is always an extremely
difficult one, and was one that I was skeptical could be successfully
achieved. The Team has presented a complete set of benchmarking data
which can lead one to have confidence.,ia the numerical results that are to
be generated. They should be congratulated for their outstanding efforts.

(5) I generally agree with the results presented bg the Team from the SSI

parametric studies. I would suggest only two items to be considered for
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their future calculations. Firstly, I vrould suggest that they include the
specific impact of varying the, degree of foundation damping in their
calculations, as mentioned above. Secondlg, it would be of interest to see a
comparison of average strain levels at various locations in the bedrock
determined from the SSI calculations with the property values used in the
calculations and found from the experimental program.

(6) In the uplift analyses proposed bg the Project Team, it is suggested that a
reasonable effort be made to correlate the calculated results with some
experimental data. This is the only method available to justify the use of
the relativelg simplified damping models to incorporate slap-dorm effects.
In addition, the calculations performed should include a variation in time
phasing which may occur between horizontal and vertical input motions.
The results from the ground motion study can most likely be used to
determine reasonable estimates of acceptable ranges of phase
relationships of strong shaking.

(7) The Project Team provided us with a series of references that they are
using as input to the noncoherence phase of the study. They are still to send
us additional references.5rom an initial review of these references, it
appears that much of the information available is based on studies of both
the Imperial Valley and Taiwan array sites. A major question then arises as
to ho+ this data can be extrapolated to this rock site and for the large
magnitude earthquakes of interest. In addition, I >could suggest that the
results found from both the @rave passage study and the incoherence study
be combined to yield an analytically determined "tau" effect. In addition to
its historical interest, this information mould be valuable vrhen final
Judgements are to be made on structural adequacy.

(8) On the final day, ee had a long discussion v(1th the Project Team as to the
details of the program vrhich is get to be performed. Mong individual
studies have already been concluded in the various areas of interest. They
must no+ be vroven into a complete program plan which is scheduled to be
completed this gear. I have summarized mg interpretation of this
discussion below with the aim of getting it down on paper, presenting mg
comments on the various items, and getting the Project Team to respond to
mg interpretation.
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A. FRAGILITYSTUDY:

The ground motion studies, both the empirical and numerical phases,
@rill yield a suite of maybe 30 to 40 record sets which can be used as
input to the program, satisfying general magnitude, range, fault type and
site property requirements. The applicability of the numerical ground
motion studies is still questionable, but may be useful to estimate
incidence angle data and impact of local site geologic effects on the
inputs.

2. These records are to be modified to yield an average amplification of
2.25 in the midfrequencg range (3 to 8.5 hz). Presumably the time
histories are then to be regenerated bg suitably scaling'the original
records bg some scaling method. It is still not clear, hovrever, if the
same scaling method is to be used for all the records, or if different
scaling methods are to be used. In addition, the impact of this scaling on
ZPA eras not mentioned.

3. These record sets are then to be averaged to obtain the mean ground
response spectrum (GRS) together edith statistical variation data.
Presumably, this GRS vrill then be used as input to fixed base structural
models, using standard response methods of structural analysis. No
c'orresponding time history villbe generated for this average GRS. From
the structural analyses, mean floor response spectra (FRS) a>ill then be
calculated, >which are assumed to have the same statistical variations
as the input GRS. These mean FRS's are then convoluted v>1th the
frequency response ratios (FRR) obtained from the SSI studies, to yield
final FRS's.

4. The final FRS's together with the original statistics generated from the
input motion studies are then to be input to the fragilitg phase of the
pl ogram.

B. DETERMINISTIC STUDY

From the original suite of records described in Al above, a reduced set
of records vrill be chosen, the. specific number as get being unclear.
Numbers of three, five or eight +ere bandied about during the meeting.
Of more importance, however, is'the fact that the criteria to be used for
selection of this subset of records has not been formulated. Apparently,
the Gazli, Tabas and Pacoima Dam records are to be included in this
subset. Again, as stated above, it is unclear +hat the role of the





numerical ground motion study will be in this phase of the program.
2. It is recommended that each of these records be input into the SSI studg-

to generate'RS's directly. Some of the Project Team were interested in
reducing these few records to an average or mean, record and
incorporating statistical properties of the mean GRS to the FRS's as
discussed above. Presumably, a new mean time history would have to be
generated for this mean GRS to be used as input to a single SSI analysis.
However, it is not clear to me that such an approach is valid for this
reduced data set. In addition, it is not clear to me that application of
the statistical methods to the computation of FRS's is appropriate. The
computation of FRS's is essentially a nonlinear computation, even for
linear systems, when the higher damping values of interest to this
project are included in the structural models.

3. To assess the adequacy of the structure to these inputs, some measure
of the structural resistance must be used to compare with the newly
generated FRS's. These can be the original design spectra used from the
HOSGRI calculation, or a resistance function developed for this new
reanalysis. Some effort must therefore be made at this time to specify
those few keg parameters which are to be used in the comparison and
which will be used to judge the overall seismic response of the plant.

In closing, I would like to reiterate mg'omment that I made previously
that the members of the Project Team concerned with the SSI studies have
been doing an outstanding job on a difficult problem. I would also like to take
this opportunity to thank the members of the Project Team for the effort they
made in their presentations.

Respectfullg submitted,

Carl J. Costantino
Professor of

Civil Engineering
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Rensselaer Polytechnic institute Troy, New York12181

Departrnenf of Civil Engineering
Telephone —(518) 266 6360

January 29, 1987

Dr. Morris Reich, Head

Structural Analysis Division

Brookhaven National Laboratory

Building 129

Department of Nuclear Energy

Upton, Long Island, New York 11973

Dear Dr. Reich:

RE: SOIL-STRUCTURE INTERACTION PROGRAM FOR DIABLO CANYON LTSP:

December 1986 SVorksho

In this letter-report I summarize my comments regarding the work done so

far by the DCLTSP Project Team on Soil-Structure Interaction, following the detailed

presentations and discussions in the San Francisco meeting (10-12 December 1986),

and after a careful study of the documents made available to the NRC Panel.

2l

The overall progress in the SSI Program appears def initely satisfactory.
The Program is well focused; the computational tools are adequate for

the job, and their compatibility and accuracy have been fully verified;
well-thought-out parametric studies using realistic models of the plant

structures and foundations have shed light into the main role that soil-

structure interaction is likely to play; and plans have been made for

producing some nearly final SSI response analyses in the next months.
I
'I

Perhaps the only major issues 'hat remain to be settled, in my opinion,

refer to:

~ the way the ensemble of acceleration histories (to be provided by

the Ground Motions Team) will be utilized in the SSI studies; and

~: the form of presentation of the results of the SSI analyses, and their

subsequent use in assessing the overall seismic safety of the Plant.

In these issues, differences of opinion still exist between members of

the NRC Panel and the LTSP Project Team.
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3. With respect to the second issue, members of the Panel seem to feel

that a more deterministic-type of approach, in which various SSI response

spectra are directly compared to "reference" or "design" spectra, merits

consideration. On the other hand, according to my understanding of

the current plans of the LTSP, the PG 8 E SSI Team will simply furnish,

for each 'response parameter, a single "interaction factor" spectrum; the

latter will be utilized in the fragility studies to modify (by a simple

multiplication) the fixed-base responses computed for each ground motion

from the selected ensemble. The results will then be treated in a prob-

abilistic fashion.

It seems to me that, while there is nothing wrong with the PG 8 E

plan, some of the concerns of NRC Panel members could probably be

addressed if SSI responses are compared with "design" curves not directly
~ but rather . in order to produce, e.g., "dictilit demand" s ectra. Such

"demand" spectra will 'minimize the danger of inappropriate direct compar-

isons, and at the same time provide another way of looking into SSI

responses and judging the seismic adequacy of the Plant structures. I

would suggest that the Project Team give some consideration to this

thought.

4. Regarding the excitation time histories to be used as input in the SSI

studies: the PG 8, E plan, if I understand it correctly, is to use a single

acceleration time history, which will be selected to be consistent with

the "mean" of the ground response spectra. The latter will be generated

for each design (empirical and numerical) ground motion by the appropriate

Project Team. Such a reliance on a single time history is not, in my

opinion, immune of criticism. I think that at feast two such histories

should be used in the final seismic SSI analyses to verify the interaction

Spectrum. The first of these excitation histories may be'' selected to

give a response spectrum Chat falls near the average of the. ensemble

spectra. The second may by chosen as the accelerogram whose response

spectrum shows the largesti differences, in frequency content and detailed

characteristics, with the first excitation.

5. Regarding the selected soil prof ile: the use of amplification (transfer)

functions "recorded" during recent seismic events to fine-tune the low-strain

S-wave velocity profile was a very reasonable procedure. It gives further

confidence on the employed soil profile.
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However, I am somewhat puzzled at the rationale behind the choice

of Poisson's ratio values as high as Oi45. Were these values selected

from the ratios V /V of P and S wave velocities measured in the field?....
ln that case there may be an error stemming from the fact that Poisson's

ratio depends on (V /V )'nd, thus, is very sensitive to experimental
p s

scatter in the values of either one of the wave velocities. I would think

that v -"0.30 is a more realistic estimate. Of course, the influence of

v is not expected to be sustantial in this case, and a quick check may

be all that is needed.

7.

The tests for verification of the compatibility and accuracy of SASSI

and CLASSI have been rather severe, comprehensive and thorough, and

leave no doubt regarding the capacilities of the two .codes. (The small

discrepancy in the damping values at a ~ 0 for the ring foundation would
0

be of no practical consequence; it could, surprisingly, be caused by a

very fine di~retization that does not, in effect, cover large enough distances

away from the foundation, where emitted waves of very-very long wave-

lengths (X~ ~) may "reach".)

The results of the SSI anal yses (Parametric Study) have been presented

in the, .admittedly interesting, form of floor response spectra, and floor-to-
base response spectral ratios. However, considering the complexity of

t
results. It would be of great hei p to everybody if some results of

intermediate steps are also printed out: e.g., impedance functions, kinematic

interaction functions, and so on.

It is also worth giving some thought to the idea of an independent

check for some of the results.

The level of shear strains induced at the various layers in the ground
I

should be., assessed for the design excitation, and appropriate cqrrections

should be made if necessary.

9. The SSI Panel should participate in key future meetings and workshops

of the Ground Motion as well as the Fragiiities Program —the former

provide the input and the latter utilize the output of the SSI studies.

Yours Sincerely

George Gazetas
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A. S. VELETSOS
BROWN 6. ROOT PROFESSOR ~ DEPARTMENT OF CIVIL ENGINEERING,
RICE UNIVERSITY ~ HOUSTON, TEXAS 77001 ~ (713) 527-8101, EXT. 2388

CONSULTANT ~ 5211 PAISLEY ~ HOUSTON, TEXAS 77096 ~ (713) 729-4348

Harch 2, 1987

Dr. Horris Reich, Division Head
Structural Analysis Division
Brookhaven National Laboratory
Department of Nuclear Energy
Upton, Long Island, NY 11973

Dear Dr. Reich:

Re: Long Term Seismic Program for Diablo
Canyon Nuclear Power Plant

Following is my report on the meeting of the Soil-Structure Interaction
Panel with representatives of PGImE and its consultants on December 10-12,
1986:

1. The progress made since our previous meeting of April 16, 1986 impressed
me as quite satisfactory. The work has been comprehensive, well focused
and well implemented; the methodology be71Ig employed is proper and in-
volves state of the 'rt information; and the plans for the iIIIIediate
future appear to be reasonable.

2. The effort to date involved analyses of the rock properties at the plant
site; comparative studies to assess the reliability and accuracy of the
CLASSI and SASSI computer programs; and exploratory studies of structural
modeling, inertial interaction, kinematic interaction (including wave
passage, scattering and incoherence effects), structure-to-structure
interaction, and base uplifting.

The objective of these studies has been to qualify the methods of analy-
sis rather than to assess the adequacy of the design. In particular,
the ground motions employed did not correspond to those deemed now to
be appropriate for the plant site. It is considered important that real-
istic ground motions be 'employed at an early date, and that due attention
be given to the design implications of the results, recognizing. that
adjustments in structural model.ing and analysis techniques and additional
studies might be required to assess the adequacy of the design. In par-
ticular, definite answers are needed to the following questions raised
in my report to you of Hay 19, 1986:

~ What response quantities are of interest in these (SSI) studies?
~ How will the results of this effort be used?
~ What is the relationship of the soil-structure interaction studies

to the fragility studies, and why are the ground motion requirements
in the two cases different?
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Nore specifically, will the results of the soil-structure interaction
analyses be used to formulate design criteria for comparison with those
used in the original design of the 'project, or's it intended to

'valuatethe maximum forces or motions at selected 'sections or elements
of the various structures and then compare them with the levels deemed
to be permissible? If neither of these, then precisely how will the.
results be employed?"

3. In my Nay 19th report, I was critical of the intended use of a single
earthquake ground motion history in the final SSI studies. I am pleased
to note that this number has now been increased to three or five . I
urge that several of these motions be used in deterministic evaluations
of the response, as I believe that the Probabilistic Risk Assessment
approach would not, by itself, be adequate.

4. Following is a listing of some additional comments, some of which were
made at the meeting:
a. The data on rock material damping presented seem to justify the use

of a higher value of g than the value of 8 = 0.02 employed.

b. Each set of'he ground motion records in the SSI studies is expected
to be associated with a fixed angle of incidence, probably taken to
be independent of frequency. Considering the uncertainty that exists
in the specification of this angle, it is recommended that the sensi-
tivity of the critical response quantities to possible variations in
this angle be examined.

c. In the studies conducted so far, the kinematic interaction effects
due to wave passage and incoherence have been evaluated separately,
and it appears that it is intended to simply add the two effects.
The validity of this addition —if my interpretation of what is intend-
ed is correct —remains to be demonstrated.

d. The floor response spectra for non-interacting and interacting systems
presented at the meeting reveal very significant reductions in
response in the high frequency regions of the spectra. To help pin-
point the sources of these reductions, it would be helpful to have
some intermediate results, such as the peak accelerations or prefer-
ably the acceleration histories of the 'floors'. This information
would be desirable for systems analyzed both with and without regard
for the various SSI effects.

e. In evaluating the floor response spectra, no provision has been made
for the coupling or interaction between the response of the .'equip-
ment'nd 'floor'. Consideration of this coupling is likely to reduce
further the peak response of high frequency systems, and this matter
may deserve some attention.

In closing, I wish to reiterate the recommendation contaRed in my report
of Nay 19 concerning an independent check for some of the results being
obtained.

Yours sincerely,
cA->~—

A. S. Veletsos




