UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D C 20555

JUN 24 qugs

Fanet

Docket Nos.: 50-445
and 50-446

MEMORANDUM FOR: Chairman Palladino
Commissioner Roberts
Commissioner Asselstine
Commissioner Bernthal
Commissioner Zech

FROM: Vincent S. Noonan, Director
of Comanche Peak Project
Division of Licensing
Office of Nuclear Reactor Regulation

SUBJECT: BOARD NOTIFICATION - SUMMARY OF MEE™ING BETWEEN NRC
STAFF AND TEXAS UTILITIES CONCERNING A REANALYSIS OF
THE ROCK-STRUCTURE INTERACTION FOR (OMANCHE PEAK
(BOARD NOTIFICATION NO. B5-065)

This Notification is being provided to the Commission in accordance with the
revised Commission's notification policy of July 6, 1484, to inform the Com-
mission on 211 issues on the cases before the Commission.

On June 18, 1985, the NRC staff met with Texas Utilities to discuss the re-
analysis of the rock-structure interaction for Comanch: Peak. Texas Utilities
has been working on this reanalysis for the purpose of assessing the sefsmic
margin in the in-structure floor response spectra considering improvements in
the technology that have occurred since the response spectra in the FSAR were
developed. The meeting consisted of a presentation by Texas Utilities during
which the staff and applicant discussed in detail the pros and cons of the
methodology and engineering decisions used in the examp'e reanalysis, and the
impact on the licensing review of a2 submittal requesting acceptance of new
design information. The staff cautioned the appiicant that should Texas Utili-
ties make a submittal, it should be very clear on how they intend to use the
results of the reanalysis.
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At the close of the meeting, Texas Utilities advised they will evaluate whether
a submittal requesting NRC acceptance of a reana’ysis should or should no be
made. If that decision is affirmative, they will further evaluate changes to
their ongoing reanalysis model as discussed in the meeting.

A copy of the meeting summary and transcript is provided for your infromation.

The parties to the proceeuing are being notified by copy of this memorandum.

Vincent S. Noonan, Director
for Comanche Peak Project
Division of Licensing
Office of Nuclear Reactor Regulation

Enclosure: As stated
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APPLICANT: Texas Utilities Generating Company (TUGCO)
FACILITY: Comanche Peak Steam Electric Station,
Units 1 and 2 {CPSES)
SUBJECT: SUMMARY OF MECTING BETWEEN NRC STAFF AND TUGCO TO DISCUSS
THE REANALYSIS OF ROCK-STRUCTURE INTERACTION FOR COMANCHE
PEAK

At the request of TUGCO, @ meeting between the NRC staff and TUGCO was held
on June 18, 1985 in Room P-422, Phillips Building, 7920 Norfolk Avenue,
Bethesda, Maryland. The meeting was transcribed and the transcript is en-
closed. The transcript contains a 1isting of the meeting sttendance and the
slides used by TUGCO during its presentation.

The applicant, TUGCO, had commissioned a reanalysis of the rock-structure
interaction for Comanche Peak. The objective of the reanalysis was to assess
the seismic margin in the in-structure floor response spectra considering im-
provements in the technology that have occurred since the response spectra
given in the FSAR were developed. The meeting consisted of descriptions of
the basic seismic design criteria, the site foundation conditions, the
earlier analysis for developing the in-structure floor response spectra used
heretofore, the major steps and methodology used in the reanalysis, and the
results of the reanalysis on the response spectra for the auxiliary building,
as an example.

The NRC staff raised questions concerning conformance of the reanalysis to the
Standard Review Plan and to the designs used in other nuclear plants reviewed
and accepted by the NRC. The staff also requested additional information on
whether the reanalysis is an improvement in the analytical methodology, or is
there data to demonstrate that the results more accurately reflect the response
of a structure to earthquake excitation. The applicant's reanalysis had used

2 layered base model to depict the rock conditions at th. site. The pros and
cons of using @ fixed base mode! verses a layered base mode] were discussed in
considerable detail.

The staff cautioned the applicant that should TUGCO make an submittal, it
should be very clear on how they intend to use the results of the reanalysis.
If the results are to have only a limited application, then justification for
restricting its application should be provided.
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At the close of the meeting the applicant advised that they will evaluate
whether a submittal requesting NRC acceptance of the reanalysis should or
should not be made. If that decision is affirmative, they will further
evaluate whether the submittal will be founded on the layered base mode)
presented at the meeting or on a fixed base model.

<. 72 Lol

S. B. Burwell, Project Manager
Licensing Branch No. 1
Division of Licensing

Enclosure: As stated
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UNITED STATES OF AMERICA

NUCLERAR REGULATORY COMMISSION

MEETING ON RECALCULATION OF SEiSMIC RESPONSE SPECTRA:

The meeting

pursuant to

presiding .

ATTENDEES

notice,

Burwel |

Shao

Bosnak

Vietti

Noonan

Terao

Jeng

Rinaldi

COMANCHE PERK

Room P-&422

Phillips Building
7920 Norfolk Avenue
Bethesda, Maryland

Tuesday, June 18, 1985

im the above-ent itled matter converned,

at 9210 a m. , Mr. Spottswood B Burwel |l

NRC/NRR/DL/7LE
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Lipinski
Hofmayer
Enos
Landers
Gecrge
Cloud
Rizzo
Scheppel e

Jan

Redading

Hol ley, Jr.

NRC/NRR /DL

BNL

Teledyne/NRC Consultant
Teledyne/NRC Consultant
TUGCD

RLCa

Gibbs/Hil I /Rizzo Assoc
Cibbs K Hill

Gibbs & Hill

HHEB /TUBCO

TUGCO
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PROCEED I NGB S

MR BURWELL Good morning My name is Spottswood
Burwe ! | | am with the NRC | am one of the project managers
on the Comanche Peak project

We are gathered here this morning to discuss the
recalculation of the se smic response spectra for Comanche
Peak We have gone ar~und the room and made introductions
At this point in time | would |ike to ask the Applicant to
glve us an coverview

| assume that you have prepared some type of
presentat ion”

MR GEORGE Yes, Spotts, that is correct

I§ | might again, | am Joe George, Vice President,
ESC, for the Comanche Project We appreciate this opporturnity
to brief you on the status of the reanalysis we have done on
our 1874 mode! response spectra and in light of 1885
techno logy.

We will be giving you a detaiied status, and we willi
be making an official submittal on our docket of the results
of this reanalysis scoon

The purpose this morning is to brief you and sclicit

your input to the results thus far | would propcse to
proceed this morning i would |ike to reintroduce Mr. Ken
Scheppele, who is the sernior Gibbs & Hill Vice President who

has been associated with the Comanche Project for & number of
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years, and Dr . Cloud with R L. Cloud Asscociates is a

consultant to TUGCD on this matter as we!l as other CPRT

matters

MR NOONAN | wonder if | can interrupt you I
would |ike to know about background before you start out. Te!'l
me why we need to do this Where do you plan to use it? I 'm

looking for impact on your program.
MR GEORGE Vince, the program -~ the wiy we
proceed will, | think, move right into that detail. I woula

really defer to Mr. Scheppele This entire program, by the

way, wili only take about an hour for the presentation. UWe
have sl ides It is in very much detail, and | would | ike to
let Ken proceed, with Dr Rizzo, and then | would !ike to

close at the en. and then maybe give you some detail

MR SHAD Eventua!ly we want you to address whether
yvou are going to change the FSaR We want to know whether we
need to change the FSAR

MR GEDRGE It is our view that we will need an
amendment for the FEAR, and | would expect to have that in
hand soon

This program has been going on for a number of
months As &2 matter of fact, it has beer go ng for quite some
time as far as revisiting our response spectra, going back
Quite some time, and there has been a ot of work done as far

as rigorous analysis on this particular issue
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MR . SHRO Before you go into detaii, another thing
we want to address S suppose you have to make an amendment to
the FSaR Do you still meet the Standard Review Plan?

MR GEORGE Yes

MR TRaMMELL | have to make n brief administrat ive
announcement i‘m sorry. I &m the ore who arranged for the
recordings in this part of the building, so one of the things
we are supposed to cavtion you I8 this Iis 6 non-secured ares
of the building It is not |ike the public meet ing rooms that
you see dovwnstairs on the first 7.ocr There is a recording

device in this room which (s only allowed by special

perniss ion, security The Intervencors may be showing up with
a recording device also I am supposed to announce that that
s what we have here You are not supposed to discuss

safeguards information, proprietary informat ion or, you know,
the other stuff Iin SA ~-- what is that called? Nucliear
mater ial, the other stuff, in this room

With that | will close Thanks .

MR NOONAN Where | am coming from -~ when we were
down at Dellas last week, Ed Siskin in the piping and piping
support analysis said he was going to use the present FSaR
methods

MR . GEORGE That is &« matter of timing, Vince we
would |ike very much to use our view response spectra, snd

| proposed to use that at risk of it not being acceptable to
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NRR, but the {ina! conclusion on that matter was that the
reanalysis of the 300 problems on Unit 1 would at least start
with the existing response spectra But we would propose --
when | say "soon” on the submittal, | have a status meet ing
with Ken Scheppele and the folks in New York next Tuesday, and
| hope to come away from that meeting with 8 first draft of
that submittal

MR SHAD One area | want you to address today s
has th:'s methodology been used in any other plant or is it
first of a kind?

MR GEORGE They will be prepared technically.

MR TRaMMELL Do you have time to wait through?
You are going to get the whole program now uniess you ask for
an abbreviation

MR NOONaMN Go anhead and go

MR GEORBE I think if you get 30 or 40 minutes
into it, you wil! appreciate it

MR SCHEPPELE i am standing not because of
formality but | figure this will be the last time | will be

able to stand for an hour or so, so that’'s why | ‘m on my ‘eet
First of all, we sppreciate, as Joe said, this
opportunity of meeting with you gent iemen this morning. | had
planned on introducing some of my col leagues in our contingent
this morning Thay have introduced themselves, but let me just

reinforce that Jerry Jan is our chief structural eng neer
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from Gibbs &§ Hiil, Paul Rizzo is President of Paul Rizzo
Asscoc iates, and Chris Holley is from MIT and is a consultant

I will explain in a few moments the role of esch of
these individuals in our program of developing in-structure
response spectra based on 1985 technology., but first let me
put in perspective our program for you.

At the time of our l|licensing Comanche Peak in '973
and 1974, Gibbs & Hill was the #~-" .ect engineer working
directly with Dames § Moore, who had bSeen selected by TUGCO as
the seismology soils consultant for the Comanche Peak PSAR
With Dames & Moore, we establ ished the scoil/structure
interface for cur structural seismic models

These se i smic models and the cri’«ria for the
structural seismic analyses thenselves, incliuding the
in-structure respon’e sdcctra. were deve  oped based on the
technoliogy available at that time in 1873 and 1974, and that
informat ion was incorporated into the |licensing documents
culminating in the granting of a licensing of a construction
permit in December of 1974

Dr Jerry Jan, who was our chief structural
engineer, led that work in 1973 and 1974, just as he has IaJd
the work today on this same sub ject mattier

Now, whern TUBCD author ized us to proceed with the
deve lopment of in-structure response spectra based on the

latest technology svailable in 1985, we selected Dr Paul
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Rizzo as our consultant in seismology and scoi ls because of tho
cliose working ra'ationship that we developed w: th Dr. Rizzo
over the years Our Gibbs & Hill staff amd Dr. Rizzo have
worked together on nine jrevious nuc lear Iinstallations, three
here in the United States, three nuclear power plants in
Spain, two in Italy, one in Brazil, and | personally worked
with Dr FKizzo in the advancement of the concept of the
{floating barge-mounted nuc lear facility

Now, to provide en independent review of the
methodo logy and approach and using 1985 technology and
developing in-structure response spectra, TUGBCO selected
several additional we!ll-~known consultants in the field of
soil/structure interaction and alisco structural seismic
analysis

We met with these consultants bi~-weskly to rece ve
their comments and suggestions on the work as it progressed
These are Professcr Hol ley, here this morning, Professor Mel
Biggs, Professor Edward Castie, all of MIT Also Dr Chris
Margot of Terra Corporation, and Jean Lieu Shmieu of Purdue
University

fAs a result of their review, our final report will
have the endorsement of these consultants

For our meeting today, as Joe indicated, the purpose
of the presentation is to provide you with the approach that

we have taken in the development of Iin-structure response
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spectra based on 1985 techrnology and to share with you some of
the prei iminary findings that we have produced to date.

MR . SHRD What do you mear by 1985 technology”® Do
you mean brand new? Nobody has ever used it7

MR SCHEPPELE - I think what we are doing, as will
be evident by the presentation, is we are, in effect, upiating
the state of the art to today’'s technology as opposed to that
which was apparent to us Iin 1873 and 1974, and | think that
will be spparent from the praseniation

"R . SHAD When you say 1985 technology, 1t bothers

MR SCHEPPELE Let's s y this Let's vse different
terms and let’'s say most recent technology by owr judgmert,
and this will be spelled cout in the presentation Dur
approach and findings will, of course, be submitted in &
report which wil' come to you folks within a few weeks

Now, for the technica! presentation today | have
asked Paul Rizzo to make this presentation, primarily because
the ref inements which have been made in the in-structure

response spectra relate primarily to the scil/structure

interaction At the conclusion of the presentation, certainly
Dr. Jarnn or Dr. Rizzo will respond to any questions or
clarification which you may wish to make, and | can fully

apprec iate the fact that this is the first time that you, of

course, are aware of our approach, and obviocusiy you want to
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study this aatter further But if you care to make any
comments or clarifications which you request from us,
certairly we will do our best to provide these for you today

(8! ide)

MR . BURWELL This is « small series, 35 millimeter
s ldes Are you prepared to give us copie of these?

MR RIZZD Yes

[E! ide)

MR. RIZZD We sre going to discuss today the status

of cur rearalysis of ine rock-structure interaction We do
rhave rock at the site as opposed to soil, so the tarminology
is rock-~structure .nteraciion throughout the presentztion e

that relates to the in-structure flocor response spectra

deve | opment | will mix the terms "in-structure” and "¢ loor
response spectra.,” and this means the dynamic response of the
floors te input fand you will see from the presentation that

what we are talking about is the impact of rock-structure
interaction on the §loor response spectra

Ker: ment ioned thsi we are going to discuss 1985
versus 18974 technology Mr Shao raised & comment on that,
and et me speak to that for a moment What you are going to
see really is changes that have occurred over the past Jecade
in rock~structure interaction analysis You will see
references in here bDack as early as 1973 and 1874 I would

think that it would be better character ized by saying that we
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are lcoking at mprovements in the technoliogy that have
occurred since the FSAR vas developed 1n the early 1970s

| don’t think inybody in the room woeuld be surprised
at the changes that we a-e talking about We are speaking
state of the practice, not state of the art In applying
these changes in the technoliogy in the pasit year to our
rock~structure interaction anslysis, we have, of course, by
way of passing incorporated minor changes in our structures to
the mode !l s It is not the prime purpose of our effort, but it
nas been done as we are going along

We will cite these a |ittie bit today in our report
where they have occurred

MR . SHRAD What is the shear velocity of the rock?

MR RIZZO The shear velocity of our rock -- | will
get to that in a moment, but it varies basically from about
4000 to 6000 feet per second it could be very well classified
as a rock site here fixed base mot iy is appropriate Ve
have not taken that path primarily because the profession has
not always agreed on when you can use fixed vase, although
rock site certainly are commonp lace

We have incorporated rock-structure interaction into
our analysis, and as you can well expect, the effect of
rock-structure interaction is not that great on the overall
response of the structure You wil! see that as we go through

it. But nevertheless, we include it in our analys s, and you
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can do that as a ronservative step or, technically speaking,

the best way to go about it

[8] ide)
This presentation has four segments to it. The
first two are r:latively brief. The are simply to bring you

up to date or reupdate you on our basic seismic design
criteria and a very Quick review of our site conditions so
we are a&l!l talking the same terminociogy, we al! see the same
conditions in what we are deal!ing with

The meat of the talk is deal neo with the ma jor steps
of the reanalysis We go into a ict of detail here on a
step-by-sten basis of what we have done this past spring in

reanaiyzing the rock-structure interaction and its impact on

floor response analysis. Orce we get through the reanalysis,
I'm going to show you some typical results Of course, we are
doing this faor all of our Cotagory | buildings, and | have

simply chosern the sux bui'ding as typical! examplies of what we

are getting as far as response, the kind of margin we are

seeing in our calculations as compared to wha'® we had in the

past

(S idel

The riext slide is basically a summary of the
fundamental criteria, all of which are seen in the FSAR ve

have a 12 g SSE in the aux building, a 06 g, a relatively

low seismic area basec on historic seismicity Qur response
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spectra for the horizontal di‘e tion satisfies Reg Guide
1. 60. Our vertica! satisfies Newmark's vertical for 1973
This s about the time when we wers taxing (| bmitta! tht
the Reg Guide 1 60 was just being pud!isheo. Our structura!
damping satisfies 1 61, and again, it was in the same tire
frame

MR . SHAOD You say the vertical and the hor izonta!
use a different spectra”

MR RIZZO The vertica! is Newmark, the basis under
which 1 60 was deve !l oped The dif-erance (s at the tail end
of the response data

MR SHRD Wnet was the reason for using a different
spectra for the vertical?

MR RIZZD in 1973-74, there was no Reg Guide
1. .60 We only had it in the Newmark Report paper, and the
NUREG backed it wp Wwhern we macde the application, this is
what we used. we have never changed it

Does that ring a bell? That is going back 12
years That is what happened. The only difference in vertical
is between 28 and 50 hertz It tails off the high frequency
end Everywhere else is the same as Reg Guide 1 60. e have
an artificial time history that we used to generate our flocor
response spectra The artificual time histary that we use is
the same as in the FSAR 1t envelvpes the des i gn response

spectra at all points, a little bit diffarence tharn what the
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Standard Review Plan would allow today It is 10 second
Juration. Jur control mction location is at the foundation
elevat ion The ground mo' ion was specified at the surtace. UWe

have "ot taker any credit for attenuatior or frequency shift

at the 1+oun ion eleva' ions . It is the same as the site
grade

MR . JENG You mentioned the only difference is in
the 23 to S0 hertz it is 8 95 hertx

MR. RIZZD It 15 & minor shift

MR . JENG You should be more precise in your

statement .

MR RIZZO The most significant part is the tail

end I did not pay much attent ion. We envelope our response

spectra for the artificial time history Qur rock-structure

interact ion approach then was & lumped parameter It is now
lumped parameter again The terminoliogy shifted in the last
tern years to substructure The name changed it is more

sophisticated but it is the same thing

The ¢ inal note is that in the aralysis we are
discussing today, we have introduced no changes in any of
these basic parameters using all of these same parameters in
ihe analysis that we are discussing today

MR LANDERS: Does that mean you have used the same
time history?

MR RIZZD: Yes, the same time history. Ue ard
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looking at the time history a little bit because it is
enveloping everywhere and there is deserved!y some review of
that requirement Today the results we are showing you, we
are using the same one as in the FSAR

The next group of siides gives you an appreciation
of our actual site conditions, & very generalized plant layout
or plant view 1s here, with the two containments

[S) idel

These are all! individua! buildings on individual
mats This is @ singular building with a singular mat.
Auxiliary electrica! It is two functions but it (s a
singular building on one mat, structurally tied throughout
this point here, and it is one mat at the foundation level t
put it in color because that is the one | am using for an
example later on | want to give you an idea of where that is
located with respect to the other buildings

| mentioned ear | ier we have & ror site This is an
.rtist‘; sketch, basically, of describing showing wou how our
buildings are situated This happens to be through Unit 2 on
the ieft side of the previocus figure, the fuel building being
on the right side here This formation is the Glen Rose
limestone, highly competent | imestone that you will see In
other sl ides It overlays o this scale betweer mountainous
formation, which is a sandstone These beige layers shown

interspersed are clay stone lenses that are part of & marine
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depositon, part of the Glen Rose | imestone
We point these out because we do factor the layers
one by one into our analysis as we generate the rock-structure
interaction parameters. The grade at this site on the s ide
was about here before we took off the overburden
[indicatingl This is an elevation of about 805 to 810 at the

site, and this is about 792 This is about 768 That is 40

feet We have taken off 40 or 50 feet o’ overburden, and we
are basically on rock We rh> o taken off rock, which you will
see on & subsequent sl ide all of the coverburden has been
removed

[S! ide)

Thr next four sl ides are photographs of the site
during “he excavation stige. | show these because It is ten
year ; or a few ‘ears since that work has been done For those
who did not see it when the work was being dune, you really do
not have an appreciation for the foundation conditions You
can see that the rock has been basically carved out to receive
the foundat ions or these plants, these units

This is the 7983 that | referred to down in here,

769 You can see the rock right in this area exposed That
is the uppermost | imestone [ indicat ing) THis is also a
cutback of the weather overburden rock

[S! ide)

The rock has been excavated by drilling and
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shooting, loading out with front end lcaders, and the barnding
through here that you see in this particular face is the clay
stone layers that | ment ioned ear! ier Of course, the rock
stands very vertically. You carn see in this closeup view that
the clay stone, while being a littile bit softer than the
iimestone, ix not that much d fferent than the rock itself

[S! ide]
Before proceeding with a step-by-step analysis of
what we ha ‘e done, | want to clarify some terms and compare a

little Dit what w* are doing now with what we did in 1973-74

time frame Ue are using a substructure n our lumped
parameter for all of our buildings. We account for embedment
effects We have 6 degrees of freedom, 3 shown here, 3 in the

cther direction.

| point cut to you that MF is mass of foundation,
and in parentheses, we have the mass of the soil that had
tracditionally been considered in this kind of an analysis.

[S1ide]

The reanalysis One of the first areas we got into
which represents a change in technoliogy was exclusion of the
soil vass from the addition to the foundation mass for lumped
parameter cnhalysis. |t was inc' «ded earlier It is now
excluded in cur anslysis, and that is clearly a change in
technology that occurred early on in the past decade.

The FSAR. We used & uniform modulus value that was
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representative of the antire formation The reanalysis is a
little more sophisticated UWe have loocked at the actual
layered system itself and accounted for layers, the effect of
layer ing on the damping as well as the stiffness coefficients
for the analysis

Damping as & whole. in the FEAR the rock-structure
interaction damping was taken as 10 percent transiation and S
percent for rotation. This was hysteretic-~type damping The
analvsis accounts for damping as it should be in the analysis
and also mater ial damping of hysteretic natura The mater ial
damp ing throughout our reanalysis has been taken as Z percent,
gecsetric damping being a function of geomet*ry that is
different for each building

The embedment effects were included in our previous
analys s Since that time there has beern a fair amount of
work done on embedment effects We have incorporated (™Mat
improvement information, updated information in our
reanalysis

In the FEAR we varied our stifimess parameters
basically around & best estimate value by taking 25 percent of
it and 200 percent of the K values in each situation In our
reangiysis we have looked at each building and then |ocoked at
the embedment effects, how they might range. We have |ooked
at the rock properties that were already measured,

incorporated that into & variation analysis That leads to a
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range of variation between 65 and 150 percent That s
building dependent. You will not find this range in every
building This is the cutermost range that you will see in our
results.

In some of our buildings this tightens up to arcund
75 percent on the lower side, maybe 130 percent on the upper
s de It is building dependent on geometry of the building,
specifically the bevin effects and the rock properties
measured at the site I will get o it later. We have |ooked
at that on & special study effort at each building itself

(S ide]

Now, the main part of this presentation is a
step-by-step description of our reanaliysis | am going to
show this sl ide seven times, so you need to try to memor ize
the whole thing as you go through it.

The first step is simply to def ne for cur analysis
the profile under each building and the specific dynamic rock
properties that apply te that building We do this for each
building specifically using the bor ings that are closet to
that building or immediately beneath that, and we use the
laboratory tests that were conducted in those same bor ings
under those same samples The site is highly uniform when you
look at the gross cross-sections across the site

We have chosen to be as detailed and as ref ined as

we possibly can .n our analysis, and therefore we ook at the
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specific borings beneath each building I point out to yvou &
little cross-hitched area referred to as May 1985 program
arexs | wit, refer back to that

MR NOONAN You said you wanted to look at -~ you
are taking each one of these borings and using that in a
detailed senss, not just generically appliying -~

MR RIJZOD For example, the aux building sits in
here

MR NOONAN Why are you doing that? That's a lot
of complexity you are putting into this

MR RIZZO: We are using computer codes that accept
the detail readily, « why not? It's not a problem for us.

[&] ide?

A typice! analysis profile. This hasppens to be

hearn-_L- *te- gux and electrical building The gray is the
| imestone This whole formation, of course, is the Glen Rose
{imestone . The beige are the interbedded clay lensex. The

vellow here is the Twin Mountains formation.

This column is der ived from shear wave velocity
measurements, as are the ratio of values which come from
laboratory tests We have adopted a material damping of £
percent for our entire -~ for all of our rock layers We
believe that that is a relatively low value. It is one of *he
primary purposes of the May 1985 program ment ioned on an

ear | ier s de
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We are going back and obtaining new samples for
laboratory testing to measure the materiai damping of the
rock, which we expect to be more in the range of S percent,
and we are also measur ing some new shear wave velocities at
the site.

[S!idel

The next step in our analysis is to define the
foundat ion geometry. It is usually relatively
stra ( «tforward, and it is not unusual! at this site either
We have a couple of foundations, and this is by way of an
exampl 2 The aux electrical building is stepped at
mid-mat The structure is tied at the superelievat ions and
across here [indicatingl

We account for this step geometry in our analysi .
for a number of reasons, not the least of which is that we
recal!l in the artist’'s render ing of the rock there are clay
stone layers high up in the formation which must be accounted
for, and the stepping, because those layers are hor izontal,
the stepping is through here. The layering is considered in
our arialysis

The safeguards building has three basic elevations
to it, and again, we account for that in th  stepping in the
foundation mat in our analysis in this particular step

I8! idel

Step 3 After havsing obtained the rock prope-ties
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and the analysis profile beneath each building and looked at
the geometry of each foundatio. mat, now we ge. .nto the meat
of the analysis of determining the stiffness and damping
parameters for the six modes of freedom, six degrees of
freedom

We are looking a rigid mats on elastic layered
systems Ve are using & substructure approach, which |
iliustrate on thizs slide to show you how we are doing it
ver sus how some other people might view typical substructure
approaches . The upper half is taken from a recent NUREG It
is a common sl ide It shows the approach to substructuring
using impedance analysis Basically the free-field motion is
sub jected to analys i s with the elevation of the foundation
Impedances are calculated for the mass of the foundation The
structural model is done independent |y They are married and
Yyou use the altered ground motion with the total structure for
the impedance function, which is fregquency dependent

Our reanaliysis uses the free-field motion directly
as ‘mput motion We do not reduce it or change frequency
content with the depth of our embedded foundat ions

We generate stififness and damping values in two
approaches. First we do it as a typical half-space calculation
using the layered hal!f-space theory for stiffrnrss
calculat ons, worx that has been done since 1974 basically

on half-space theory. It is frequency independent
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We also generate impedance The functions for the
same geometry and the same rock, again consider ing the
layer ing . This, of course, is frequency dependent . We
compare the two and then adopt a frequency independent
stifiness set of stiffness parameters and damping paraneters
for use In a lumped parameter mode! . The structura!l mode!, a
finite element mode! that has been condensed onto a |lumped
parameter model which is married into a three-dimensional time
history anaiysis

MR . JENG In this substructuring procedure you are
presenting there, in your opinion, where is the earthquake
motion app!l ied”?

MR. RIZZO Right here [indicating)

MR . JENG On the top picture. This is the
embedment

MR RIZZO It is accounting for embedment, yes.

MR . JENG: In your FSAR commitment, you are supposed
to appiy the motion in the free field at the foundation level
by using the substructure procedure. Because you are using the
geometr ic relationship, there may be a reduction in the motion
at the surface level, reduction to the bottom | ine

MR. RIZZD: From here to here

MR. JENG: Yes, and you have not addressed that

MR RIZZO: Ve are not doing that Ve are uvsing the

full motion
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MR JENG | want you to show some information in

your submittal which indicates the motions that indeed apply

at the foundation level Iin the free field

MR RI1ZZ0: Yes, up here

MR. JENG: Yes

MR RIZZD: Do we agree that the motions here are

less than here [ indicatingl? UWe do not have any ser ious

non-| inear problems. | can do that, David, but understand, do

we agree that doing what we &re doing (s -

MR CLOUD: | think there s some -~ what you said
is that we apply the free-field motion at its full exactly as
it is at the base of the foundation, and | think all you asked

was that we document that in the submittal

MR JENG: At the lower reaches You don't mean at

the surface level, right?

MR RIZZO: We apply the same motion to surface at

the foundation ievel

MR. JENG: This has raised quite a few items of

contention, s0 we would | ike you to address this one

MR RIZZG: Sure

MR SHAD what is the original FSaAR? s it as the

free field”?

MR . JENG The free field at the foundation level

MR CLOUD: That is what we are doing

MR . JAN The upper part is for comparison. Ue are
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doing the |ower part.

MR . JENG Then why did he say ear !l ier that the
embedment effect was not accounted for?

MR RIZZO: That is separate

MR. JENMBG: How did you account for it? This
procedure the way | know is based on the ring conception. You
take different rings, embedment depths to account for the
stiffness resistance

MR RIZZO I will show you in a few minutes how we
take care of embedment

Now, | have two choices, basically, David You are
obvicusly very familiar with the subject I can use the same
motion, the free field at depth, and counteract change by
damp ing values for embedment, or | can take the reduced motion
at elevation and take a lesser effect of embedment on my
Spring

MR . JENG: Can you address that issuve, the second
point? | thought you should mention this one. What is the
objective of the reanalysis? The earlier analysis was no
good, or in your opinion it was good encugh and had too much

safety margin? You wanted to improve the safety margin to

reflect more closely and provide a safe response”? ¥ it is he
latter, | want you to show
MR RIZZOD: It is the latter | am going to how you

in our example that we have excess safety, excess seismic
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margin in our {floor response spectra

MR SHAD There can be iots of implications You
have margins that are all frequencies or certain frequences”?
Maybe this v thod may go higher? Are you going to requalify
all of the equipment?

MR RIZZO: We will have, we believe at this point,
and we are not finished yet, Larry, but we bel ieve that we are
going to have flocor response spectra at the same level or
lower tharm at all fregquencies than we have done previously,
thamn we had in the previously one

MR SHAD Suppose the certain frequency, you have
to requal ify all of the equipment?

MR. RIZZO We understand the implications of what
we are doing very well

MR . SHAD Are you going to apply this throughout
the plant, that everything wil! meet the new Jnalysis?

MR RIZZD: VYou're talking to the wrong guy My
area is structure interaction.

MR . SHAD But when you ask for this, there are lots
of mplications involved

MR . GEORGE: We have not seen any excurs ons as far
as the response spectra are concerned that would regquire
requal ifying the eqgu i pment We rave not identified any
ercursions that require equipment requalification.

MR DENTON: Watch out, for any eievation, any
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spectra for certain frequencies can be higher than the

original spectra Then you have to requal ify

MR . GEORGE : Yes Whern you see the curves, the
examplies, it might be 8 good time to discuss that .

MR RIZZOD: We understand your concern That was

one of ocurs at the very beginning

MR DENTON: I domn’'t know whether the management at
TUGCo real izes what they are getting into I'm trying to warn
\
them ahead of time. T ' ere may be cases, certain areas where

the spectra may be lower at certain frequencies, and then it

wasn ‘'t designed right

MR, RIZZO. A new frequency, & naw response spectrs

may be higher than the oid

MR . DENTON I carnmot believe you would have a
frequency as high at llf elevations, at all frequencies. |
don‘t think you can envelope everything. There will be

certain areas that would be iower tharn the coriginal curve

MR LANDERS: if that's what falls out, that’'s what
falls out Aand they are aware that they have to look at that
MR . TRAMMELL Ue'll get there.

MR . JENG: Do you expect that the new analysis would

show generally lower than what you had before, most

frequenc ies”?

MR. RIZZD: Yes .

MR . JENG: The reas» it is lower comes from several
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most important

MR

higher materias

is & percent

MR
S

MR .
committ ing to
percent

MR

MR

Thern you have

MR

feel that your

okay
MR
just listening
MR
MR
are
MR

RI1ZZ0: That is one of them. That is not

, bu' it is certainiy one of them

JENG: And a second is to try to redesign a

| damping from € to 57

RIZZOD: We're using 2 percent. Everything

JENG But you ment ioned ear ! ier to change

RIZZO That is a possibility We are not

do that. The results we are showing today

JENG and the third approach is to use --

mn
@

the

here

the

are

RIZZO: To improve the substructuring method

higher damping values, gecmetric damping

JENG : All of these have to be justified

presentation is just to run through quickly,

SHAD We're not proving anything today. We're
JENG Go ahead

RIZZO: We're giving you the status of where we
GEORGE This is a briefing on the status, and

we solicit your input, as you desire We will be making
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detailed, forma! submittal on our docket to justify everything

that we will be modifying

MR RIZZO: Don’'t hesitate to tel! us our comments

MR. JENG: To my knowledge, this procedure does not

account for the so-called stepping in the mat that you
ment ioned, that you ment ioned was accounted for .

Can vyou explain how?

MR R.ZZ0 It is not that difficult to do. You
analyze the building -~

MR JENG: By what?

or

MR. RIZTZO By CLASS!, the elastic computer mode!
the W!DGEMOD program, which |'m going to describe in a
moment, at two different elevations The higher elevation --

the higher and the lower elevation, you proportion the

stiféfness for the moment of inertia, depending on rocking or

trans lation You marry the two together and come ud with
basically an egquivalent st iffness value for that mat. You

have to account for the layering up at the top

MR JENG i am talking about the mat covering the
auxiliary building and the conti>! buillding You ment ioned it
was accounted for I did not follow how you did it

AR, RIZZO First, | placed the entire mat at the
highe " elevation Thern | did &« reanalysis of the mat at a
lower elevation, and then | proportioned the stiffness of the

two areas in proportion to the area of the foundation
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MR . JENG Stiffness of what? That's a general
term You'‘re throwing it up and down What stiffness are you
talking about”?

MR RIZZO: I have two foundations At one
foundation, two elevations. | take the entire mat, assume
that it is at the upper elevation --

MR . JENG Even though there is 28 void at the |ower
ilevel”?

MR. RIZZO No void Run the layers on through
You calculate the stifiness, boith fregquency-dependent and
fregquency- independent Two different approaches Aand then
take the entire foundation, assume it is the lower elevation
with the same hor izontal layer ing of the soils. Regenerate
the stiffness again, and now the stiffness is propuortional to
the area in the case of the transiation of each of those
two

in the case of rocking or torsion, it is in
proportion to the moments of inertia -- proportion the two
stiffnesses to get one stiffness, a combined stiffrness

MR . JENG The question (s, is there a need for such
a refinement, given all of the assumptions factored into the
analysis? And your answer (s yes”?

MR RIZZO This is the most ref ined approach
practical for this site And rath r than being accused of

being unref ned, we have taken a ref i ned approach
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MR. CLOUD Excuse me You asked a quest i ion s

there a need for? and it's not so much an issue of need, it
is just that Paul is trying to do a good job all the way
through, using consistent technology The different features
that are included in the analysis are not done in rdsponso to
any specific need

MR . JENG I'm not saying that being more detai led,
more refined, does not lead to more -- or a better scliution
This point, you may want to address

MR RIZZD Eng ineers have to make some judgments,
especially in this field, and the better the analytical tools
you have, the more detailed your analysis. You are able to
ref ne your judgments

MR JENG: There are some cases, If you are having
basic assumptions, i1t décs not make commor, sense You may end
up with garbage

MR RIZZO Yes Garbage in, garbage out Your
basis assumpt iorns have to be refined to start with vie agree

MR HOLLEY As | hear from the back of the room, |
think you would |ike to know to what extent that ref nement
was a significant contribution to the difference ¥ you had
done it by a single elevation approach, would it have made an
encrmous difference in the results?

MR RIZZ0O Not an enormous difference, no

MR . JENG That's what | suspected. UWe are talking



mn

W

10

1

L

14

16

17

18

G
mn

technically The current Standard Review Plan asks for a
foundation of this type | believe you sa i d 6000 feet

MR RIZZO 4000 to 6000

MR JENG Now the SRP only requires a f ixed base
analysis. We will not stop you from doing this, if this helps
you reach your goal But | want TUBCo management to
understand that the fixed base analysis ztouid have been
cons Idered to be adequate It 1 up to you, as | said. So
the ref i rement is fine, but do not, you know, go beyond what
is cons idered to be good judgment

MR RIZZO l'd Iike to spend a (ittle time with you
at ancother time discussing how we would pursue that.

MR JENG There is a reduction of motion that has
to be addressed We would not | ike to see 3 reduction without
justification for the bas s, especially what we are working

with, having & strong belief that what we are doing s just

right, is safe
MR RIZZOD Yes One comment, and ther | will go
on
We have not reduced cur ground mot i on We have used

the field, the free-fieid ground motion

[Siide ]

The next two sl ides describe in a flowchart method
the two procedures that we used to generate the

frequency- independent stiffness and damping values and the
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frequency-dependent damping values and stifiness values

The first slide deals with the caiculation of the
frequency- independent parameters Ve used here work that was
done by Christianc, et al . , reported in 1974, for assessing
the stiffness and damping for a layered system,
frequency- ndependent parameters Basically it is using the
half-space theoretical solutions, calculating the strain
energy in each layer, proportioning the moduius in that areas,
and proportioning the energy stored in that layer, computing
the external work done, and then deriving &8 stiffness
parameter for each mode based on the stress field, the strain
energy associated with that layereoc system

We then generate a back eguivalent shear modulus,
use that to generate a damping effect, damping values
correspondirg to the half-space, correct it for embedment, and
then in a subsequent sl ide, we will see -~ we compare those
results with the real part and the ‘maginary parts of the
impedence analysis

Boing through this flowchart results in a set of
rock stiféfness and rock damping values corresponding to a
layered system, assuming the parameters are
frequency~ independent which is a typical -- has been the
typica! substructure or lump parameter approach for rock
structure interactions

The next sl ide -~



[3lide ]

MR JENG The particular methodology you presented

o

in the earlier sl ides, and as Ken said, the 1985 technology

= What you have here, as far as we know, they were already

S publicly known in the “70s So when you say refinement, '8S5
é technology, we need to know more specifically, are you

7 applying some particular specific techniques of the 1974

=] methodology”

@ For instamce, you say you're going to change the

10 £ percent ma erial damping o 5 percent Are you going to

11 actually do some boring of the comparative levels or low

12 strain level measurements to justify your five percent? What

-
(1)

are you doing in specifics which are new from 1275, the

14 methode logy presented here”?

1 MR RIZZO: All right There are two parts to your
16 quest ion

17 [(Slide ]

18 This paper, this work, as you well know, was

9 originally published in 1974 In the timeframe from ‘76 until
€0 about ‘80, that was put into a code and ref ined several

g1 times It is calied the WIDGEMOD coue Those are only minor
ee ref inemerts thi' were published criginally in 1874 it is an
22 old Boston Institute paper

24 MR JENG So there were a couple of changes in the

computer codes
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MR RIZZO But we did not use this in the 1874 FSarR

submittal .

MR JENG I'm more interested in since that t i me
Bes ides changing the computer codes on paper, has any observed
response of & similar type of structure shown that such &
methodo logy indeed predicts better the observed response in
the earthguake situation? Dbserved data, not just a couple of
high technology computer program changes here and there n the
computer cocve

MR TRaMMELL I'm going to have to break in here
Vince and Annette hive I imited time. We can get to these
quest ions afterward

Either that, or we can -- Ccan you sunnar ize, and can
we cont inue? These two pecple have to leave, #2n0 | want them
to get the benefit of some frank discussion on why these
changes are necessary and other factors that are not as
technical as this

MR GEORGE - We will be ava  lable to fol low up

MR TRAMMELL: Can we proceed, then? You're about
ready to finish anyway, aren’t you?

MR RIZZO No

[Laughter . ]

MR . TRAMMELL You said originally you needed 45
minutes, and we are over an hour now

MR RIZZO 1§ you want me to zip along, | will.
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How much time do you want me to zip through?

MR TRAMMELL | don’'t want to rush you I'm trying
to calibrate the problem Ve don’'t have time for unlimited
back-and-forth | ike you're doing now

(€lide. ]

MR RIZZD The other method for generating the
stiféfrness and cdamping was the frequency-dependent anmalysis.

e use here the CLASE! computer program dJdeve . .ped by Luko and
Long It accounts for the geometry and plan view It also
accounts for the layer ing effects it generates impedence
values or functions for stiféness and damping, which we
separate intoc real or imaginary parts, and in this sl ide
compare the two types of -- in this case, we're ta'king about
the three horizonta!l or three transiation stiffness -~ Kx, Ky,
and Kz The hor'xontal-l.ncs represent frequency- ncependent,
der ived from the first procedure that we discussed

These are the {requency-dependence stifiness and
parameters generated from the CLASE! program

| have four sl ides, and then et me sShow you very
quickly, they are for stiféness, two for stiféress and two ‘or
damp ing

You will find when you review our work that these
functions are very well-behaved, a&s you would expect for a
rock site with non- | inear behavior We do not see large peasks

and valleys in these functions in our frequency range of
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interest We do not see any of the stifiness or real terms
going negative, as you often do

These arnalyses are very comparable to what has been
done in half{ a dozen or so NUREGs by Lewrence L ivermore on
des ign studies, part of the safety margins program

We conclude from our series of sl ides that we are
using very acceptable fregquency- independent parameters,

checked and ver ¥ 1ed by frequency-dependent aralysis

I will just skim through these quickly

[El ide 2

Thes are the rocking For example, the rocking at
the X axis, rocking at the Z axis, and the torsion I would
point out, in our analysis, X and Z are in a8 horizontal
plarne Y is vertical

[EBlide )]

The next two s! ides are damping, geometr ic damping

This nappe s to be the coefficients, not percentages .

(Sl ide 3]

[(Slide.)

The rmext step, having generated the stifiness

parameters for both {frequency- indeperndent and

frequency-devendent analyses, we correct for embedmernt we

iollow the lead of several investigators over the past ten

vears, where basically you take the unembedded foundation,

develop a correction factor for it, and basicaily upgrade the

-
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stifiness and camping values to account for the embecdment
effects

We use three different investigators for our
stifiness, and they do not vary that much Our best-est imate
stifsness parameters, we use basically a mean value. Wwhern we
vary our stiffness parameters, we take the |ower bound for the
lower ~bound est imate and the upper bound for the upper-Lound
est imate

The most significant effect on embedment s in the
torsional mode in this particular building T varies with
the building, of coursa

These values are indicative of the correction
factors applied to the unembedded damping values And of
course the percentage beta values are lower than these, are
marked up lower than this when you go to the accounting for
enmbedmert effects on the percentage damping. because of the
st i ffness term as the denon .nator

[(8iide.]

Step S, we take the springs that we deve l oped for
the singular mass on the elastic foundation, and in the case,
for exampla, of the auxiliary building and the safeguards
building, we distr ibute those springs to the locations in
those structures where the structural mode! is compat ible with
it This is & simple mathematica! distribution of & rigid

body, showing two springs that assure geometr ic compatibiiity
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and statics Nothing more than that

In this case it s three different locations

(Sl ide]

The next step, we take the rock-~structure
interaction psraneters that we talked about in the first §ive
steps and marry (hose with a structural model for the bu'lding

which has beern der ived from a three-dimensional analysis and

condensed down to a8 [umpec parameter model It has 6 degrees
of freedom At each node point we used three-direct onal
input motions, three motions Ve develiop a maoda!l damping UWe

have a value Iin ocur anaiysis, ard we vary our rock properties,
embedment effects | merntioned ear !l ier that we took & |lower
bound and an upper bound est mate of our stifiness and repeat
‘he analysis ffter we repeat the analysis, we envelope and
peak broaden

tare is a specific flow chart, the first §ive
steps This is the model This is basically the same as
reported in the FSAR, generates the value, coriutes the modal
damp ing valuves, participation factors, repesat and compute the
time histor ies in each mode, three directions of input
Typica! moda! position analysis.

We have & series of v .me histor ies for cutput Ve
compute the §loor response spectra st the center of gravity
In this point here we go ook at the {lcor geometry We =~o to

the edge of the slab, accounting for the rotation of the slab
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about at the center of gravity

We combine the response intc the three direct ions of
input by the sum of the squares, and we repeat the analys s
for the |lower bound and upper bound springs, put them on a
plot, envelope the resvits totally, and then peak broaden
beyond those ancther 10 percent up and down.

MR NODNaN Have you combined those?

MR RIZZO These are enveloped The square root of
the sum of the squares SRSS

[S] ide)

| would point cut to you & change in the F8aAR in
the FEAR we had only hysteretic damping, 5 and 10 percent ‘or
thy. translation mode and rocky modes Wher. we moved to the
inclus ion of viscous or gecmetric damping, we change cur
calculation of modal damping, and basically we use *he Biggs
and Rcoesset equation to est imate, calculate the damping that
should be appl ied to each particular mode

We are in the process of this, as you Zan sas from
the earlier sl ides We are coming up with viscous damping
values that are somewhat higher, and we are considering the
impact of these higher dampirg values, and this equation on
modal position analys:1s as part of our work

[€! ide)

The ¢{inal step of this is to show you SOme resuits

| am going to show you { loor response spectra for the
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auxiliary buitiding. These are meant tc be typical
results This building, as | mentioned ecrlier, (s a singular
large structure. 1t is structurally tied at the comnmon walls

here, and 1t is structurally tied at the mat
Here is a side view of it showing the

interconnections. This is an elevator shaft.
[Elide)

The mode! for this is very simply ~- and this sketch

is for talking purposes only The two buildings, the mat tied
acrcoss the structural length The springs that | ment ioned
ear | er The coordinate system in the plant is xz, and then
the vertica! is y

L8] ide]

This is & sunmary table of the spring constants we
are using for this bunidong, or the best est imate upper
bound | am going to show you & sl ide that compares them with
the FSAR values in a moment These all account for the
fayer ing embedment effects

This particular builiding, | would point ocut the
range, for example, in the vertical worked ocut to be about 75,
78 percent of the best estimate for the lower bound The upper
bound may be 120 percent That range var ies from building fo
buiilding It can be as much as 65 to 150 Typically i1t is in
this range, 78 to 130

[S!ide]
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Now, here i a compar ison of the spring constants
used in the auxiliary building from the FSAR versus ou.
reavalysis This is after the spr ings have Seen distributed.
You can actualily find these in the FSAR if you go dig into the
tables You will see throughout our analysis, not only for
this building but for all of our buildings, that our
translation springs, these three, the horizontal and the
vertical are softer than what we reported in the FSaAR Qur
rock ing springs and torsion springs are stiffer than what was
reported in the FSaR

Somet imas -~ in thig case, for examnple, it is three
times Other times it is as much as ten The main difference
is geometry considerations, layering effects, and the
embedment effects They all ~~me into play in changing these
rnumber s We are softer in the tramsiation, much stiffer on
the rocking and torsion. Here is a2 factor of 10 on about 1
ax i s This is primarily a geometry consideration

(8! ide]

Damping values These are the geometr ic damping
values that we are using in our analysis ‘or this particular
building They have been reduced to account for layer ing and
embedment effects using the two procedures descr  bed
ear | 1er They also have been checked by irequency-dependent
and {requency- incependent analysis, and therefore we fee!

strongly that we have got & handlie on those and they are
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nighly competent in their valves

The nater (a! damping, we are using 2 percent, which
we believe to be a conservatively low number We are going
back in the field and doing new borings, taking new tests, and
we will subject samples to strain-dependent analysis to verify
that number or & more appropr iate higher number, in my
opinion

[€)ige]

| ment ioned ear ! ier that these equations, these
terms, then, are ‘hose beta values that appear in the Biggs
and Roesset equation for viscous damping They are probably
viewed by many in the profession as relatively high numbers
They certainly impact on response of the building They
certainly impact on a modal darning valuve, and as a
consequence, we are consider ing the impact of those kinds of
values on our overall analysis procedure They are the
numbers that result from impedance analysi s of the type
descr ibed in the NUREGs done by rence Livermore, and also
the numbers generated from the half-space theory

MR NOCY N Those numbers are very high, aren’t
they”

MR RIZZO They are not very high They are
numbers that can be high depending on the structure, but not
this particular case, but they can be substantially higher,

particularly the transiat on modes These are geometr ic
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damping values, not hysteretic damping values

MR BURWELL Could | caution you to refer to, when

you peint to different columns, to use the title of the

column If you just say "this” or "that,” the transcript

becomes very confusing.

MR RIZZO: Yes

One comment, Mr  Noonan Damping is clearly the
significant parameter that affects our response There are
severu!, but damping is clearly the most -- has the most
ser ious impact Typical results. | have nine sl ides for the

aux building, three corresponding to each of three
directions This happens to be the AX There is &8 high puint
in the building | am going to show you X direction, high,
medium foundation level, Z, high, medium and foundation, and
ther a vertical high, medium and {foundation

The line on this plot, the response spectra
previcously defined from the FSAR is the solid !line. The dashed
line is the resuits of this reanalysis Compar ing the peaks,
for example, is an indication uf the margin that exists from
the analysis This number basically is about 5 6 versus 3.7,
2 8 reduction in peak motion

Now, in response to Larry Shac's comment ear | ier,
you can see that across this particular elevation, this
particular direction, we are below cur previous response

spectras at all points except here [indicating). at about 1.8
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Here is « mid-elevation again in the X

direction These are all & percent damping. A reduction in

peak from about 4 § to 3 We are everywhere except out in

this range of 1.5 te 1.8 hertz

7 MR . NOONAN What is the number at 7 hertz?

& MR RIZZD 1§ you take that as the peak, it is

@ about 8.7 Here it is maybe 2 8, about a g.

10 [S]idel

11 The foundation level It is mot much different,
el 12 quite frankly Frequency shift is evident from here to here,

-
L)

but cother than that, we are basically having the same mot ion

14 i the foundation level as we had before None of that is to
19 scale because we aAre blockhing it Much reduced motion

16 Here the frequency shift occurs We have & sl ight
17 overage on the response spectra

18 [S!idel

19 The other direction, the Z direction, the trend is
g0 the same Reduction in peak, general reduction in the high
e {requency side

L]
m

| would remind you that this is after running three

28 cases, lower bound, best est mate, upper bounding It is also

&4 after peak broadening, so we have an apples to apples

s compar | son
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[(S!ide]

Mid~elevation, again at the foundation elevation

(S ide)
Again you see the s!ight frequency shift. Vertical
directicn. The resuits are .omewhat more dramatic This is a

attributed primarily to the much higher damping in the
vertical mode that you saw in the previous slide, and if you
are of the school of thoup':t, as many pecple in the profession
are, that foundation shruld move the same or less than the
ground motion, you see 1hat this is much more indicative of
what vou should expect un ‘er rea! |ife behavior under an
earthquake at that site

[€!ide]

Those sl ides are *ypica’ .+ what we are finding for

all of our buildings Substantial reduction in peak, portion
of reduction across the other frequency ranges We are in the
process -- we have done that for about, | guess, four or {five

of the six buildings we have there The resuits are typicaliy
the same throughout

MR JENG Would you please rank the parameters of
what contr ibuted such a drastic drop in the high level of
spr ings”?

MR RIZZOD It is dependent upon the buiiding it is
dependent upon the frequency, but the primary contr ibutor to

the reduced response is damping, geometr ic damping in some
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cases (t is the treatment of thes layering in the rock, but not
SO much, because the stiffness parameters cid not change very
much, and the somewhat consideration of the embedment effects

MR . JENG How about the effect that you are finding
the rocking and torsion increase by ten times” VWouicd that be
& major contributor in the reduction of the upper level
response”?

MR RIZZD. The 10 is & rocking

MR JENG To me rocking is 8 major contributor

MR RIZZO: That is a geometry calculation.

MR . JENG The bottom line is to make sure of the
way that you have reduced the movement for the foundation was
proper I would |ike you to articviate that point. That is a
main contr ibutor bes i des the damping

MR RIZZO Fine

MR. RINALDI I have twoc short questions One, you
refer to peak broadening You use plus and minus 10 percent .
| want to caution you that the new requirement is 15 percent
uniess you can pirove otherwise Just 8 comment

The other thing is a question basically on the

spectra you showed for € percent damping Can you comment on
S5 percent damning”? Is there significant change from what you
show?

MR. RIZZD The changes we have shown are ampl i ied

at Z percent because of the damping. It is not as
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important 1t 18 reduced effect But the trend is the same

It is just more dramatic at T percent than everything else

We would | ike to spend one minute on the peak
broadening issue, if you don’t mind. | want to check the
thought processes on that with you folks. { do not want to
belabor the issue, but | think that we ocught to spend two

minutes on it If¥ we can

MR NODNAN - Let me suggest something here I wouwld
fike to call for a short bresk | have to go off to another
meeting pretty soon Let me take a shuort break And one
thing | would like you to do, | wou!d |ike you to continue the
discussion you were having with David bafore we cut it ov® to
get through your presentation | would |ike to get on the
record some of the things David was talking about Okay”

Let’'s fake about a ten-minute break

[Recess 1

MR BURUWELL Back on the record

MR CLCUD On the issue of the peak broadening, |
guess we have felt that the Standard Review Plan was slightly
ifferent than you stated it We felt that it callied for 15
percent, but that 10 percent would e acceptable, provicded it
was justified with additiona! studies

MR RIZZOD It is on the first siide

MR JENG Let me comment . What he says 'S

correct The Standard Review Plar calls for 15 percent
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boring, if you do not do any specific justification However ,
if you are justifying in any other way, the 10 percent can be
used.

MR CLOUD: We fee! that i1t is justified, and Paul
is going to present it.

MR RIZZD: We do not need to present it, as long as
we have that from David Jeng

MR TRAMMELL We have the groundrules for this
thing

MR RIZZO First we have to have the groundrules
straightened out

[l ide 1

The top part of the text is the Standard Review Plan
wording, and if you go back and look at Reg Guide 1.122, the
Reg Guide is substantially the same wording And basically it
says, the first sentence says that you have to peak broaden
after you account for variations (in stru.tural propert ies,
damping, and sc on and the soil structure interaction, and any
reasonable method for determining the amount of peak widening
can be used, but in no case should it be less than 10 percent

14 no specia! study is performed for this purpose,
the peak width should be increased by a minimum of 15 percent,
plus or minus

For our site, we have first a rock site Aand for

those of us who helpec participate in the develcpment of that



i6

17

18

19

S0

kind of wording, there was an immense concern about non-|inear

behavior of soils We do not have a non-| inear situation e
have a | inear rock, and therefore a good deal of the concern
about soil structure interaction, in fact, is taken away once

you go to the |inear analysis

Be that as it may, we are using -~

MR . SHAD e lot of concern on the structure
stiffrness The concrete may crack or not crack What kind of

structure stiffness are you using?

MR JAN 1t is based on uncracked, except the
conta inment It is @ cracked and uncracked mode !, sub ject to
MR SHa0 when you develop the spectra, you use tne
MR JeaN We used the upper bound and |ower bound,
the best est mate We have six different models, and we

erveiope

1R SHAD - But that is only for the containment

building What about other buildings? What do you use®

MR JAN Uncracked

MR SHAD Suppose the structure does crack? UWhat

would be the spectra”?

MR JAN It is mot subject to pressure We

recognize concrete hes to crack in order to devel!op the act:ion

of the reinforced concrete function



10

11

w

16

17

e

19

c0

&1

4]
W

St

MR SHAD We have studied this, that it can happen
$ix or seven times on the shear wa!l We went the 15 percent
for that rezson

MR . CLOUD Isn‘t it true, however, that the
containment building, by virtue of its greater height, has
higher, much higher response than the other buildings, and
that s the basis for -- doesn’t that provide & basis for
studying them separately from the other buildings?

MR JanN Becruse of the pressure.

MR SHAD 1¥f you want to justify it, it is not easy
to justifdy it There are all kinds of things that pecpie
worry about

MR GEORSE We would expect to justify this on cur
submittal

MR . JAaN tr iho existing FSAR, it 1s 10 percent

MR SHAD But yow want to recpen the box? It may
have been reviewed by 2 different staff at that time As far
as we are concerned, it was closed, but if you want to recpen
it, the whole thirg is recpened

MR. RIZZO Dur respornse is that we are doing a
specific study, have done a specific stugy on a
building~-by-building basis, specific to rock properties, the
enbedment eifects on the stififress parameters and from the
aralysis, basically lower-bound, best-estimate, upper-bound,

and envelope those results and then peak broaden an additional
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10 percent .

In cour view, that satisf ies this approach
(indicat ing) fAany reasonable method for determining the
amount of peak widening, and we add 10 percent on top of
that It says "plus > minus. " We take 10 percent on top of
the wider ing

MR LANDERS: That was the question that | had
ear  ier when broadening was first brought wup | understood
wha. you said You were doing lower bound, upper bound, best
est imate You were envelopirg those, and ob' iously those were
the snift fregquenc  es And you envelope that and then broaden
it 10 percent The best est mate, you could come into us and
say that on the average., we may bte pius or minus 17 percent or
something | ike that I think that is an important point that
you should make in your submittal

MR RIZZD Fine That is what we can do

MR HOLLEY This probably (s a larger effect It
probably tends to mask the structural flexibility question you
are asking about, other than in containment, where, for
obvious reasons, you have to go to a fully cracked situation
These kinds of aux building structures, for examp'e, the
earthguake 'evels we are tal'king about, you never get &,
quote, "fully cracked” situation. You oniy get approximate.

I think the kind of thing you are doing by taking

the upper, lower, and enveloping it in, plus or minus 10, is
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pretty conservative
MR LANDERS It might be meaningful to give the
number of -= that number of peak broadening of the best
est mate.
MR RIZZOD: i‘'m going to draw a plot of the

acceleration on the coordinar.t and the frequency on the

abscisss, and you saw that it Jlooks something | ike this.
Now if | go over here, | get one that loocks | ike

t'vis (indicating) with the ower bound, and then the upper

bound looks | ike this We're doing this, and then we're

going like this (indicating)

MR LANDERS What | am suggesting you do, instead
of rigidiy sticking to the plus or mirus 10 percent, is tel!l
us how you are broadering the best estimate

MP . GEORGE We will have that in ocur submittal
This, again, is a briefing, and we will be making an official
subinittal on this soon to justify these type issues to your
satisfaction, wr we're going to change it

MR JENG Ore was supposed to apply, going to 10
percent or 15 percent Is that your understanding with the
SRP? You have three curves Before you come to the

appl!ication of broadening, you are supposed to apply from a

line of 10 or 15 percent That is the way you are supposed to

MR RIZZD Right
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MR. JENG: What is the best justification for going
10 percent and not 15 percent?

MR  RIZZOD It is that we locked at the specific
building on & building-by-building basis. We accounted for
var iation in embedment, for variation in rock properties, and
we have | inear behaving rock

MR . JENG: That is the point f§ deviant behaving
rock

I have a question to ask you The propertiy of the
scoils damping modulus was primarily establ izhed on the cross
bore test, low strain; am | correct?

MR RIZZO Yes

MR JENG The strain is 10 percent, and when actual
E8E hit, could the strain be much higher, to the extent that
some of the scil in the high-stressed zone could be going into
the nonl inear or the noniinear range? | would ask you to
qualify that statement

MR RIZZD We have est mated the strain behaviors
for the SSE under the rock It iz not exceeding -- ! wiil
recal! this now from memory -- about 10 to the -2, 10 to the

-4 percent

MR . JENG SSE, if you are anywhe: » n the range of
10 to the -2, if you icok at the curves, whic ou have seen
many, you may have to think about it and ta'« about it I am

saying that you have the behaving rock, an! the SSE -ange may



o

L]

10

11

-
"

-
L)

14

1€

17

18

19

20

n
0]

]
U

es

55

not be correct or quite accurate I would |ike you to reserve
that .

MR. RIZZOD Ve will substantiate that we are in a
li... r range where the strain dependenc; is on the modulus and

the damping We have checkec that already and have convinced

ourselves that we are ali right.
MR . JENG | presume you a. € going to have an
organized | ine-by-line justification ‘>r w#hy you ire going to

10 percent in your submittal
MR RIZZO Yes
<. JENG Anything else on this one?

'R LANDERS 1§ | can go back to the presentation,
for the bor ing you talked about an '8% study Ore of the
quest icons that | had was, you said you had relative
uniformity One of the quest ions that | had was, for example,
what s the difference between a P~12 and a P-47

it looks to me | ike you are going to do your ‘8%
work -~ and you have to, obviously ~- outsire of the
foundat ions, and you're going to use that and maybe increase
your mater ia! damping

I think f you'‘re going to do that, we need to know
the kind of compar isons you are getting between P-12, P-34,
and the bor ings that sre actually under the foundat.on

MR RIZZO We have shear wave veloc ity measurements

Up Iin here, which are the basis for our araiysis And that
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£, you look at ail of that data for the shear wave velocity,
and you see that the numbers we are using are typical for the
Glen Rose | imestone, the claystone, and Twin Mountains
formation

Now what we don’t have from the FSAR are
strain-dependent dampings for that particular formation we
are using ¢ percent We are going down into the plant where
we have access, obtaining core from that formation, down to
S00 feet in fact We extract cores, -and then we test cores of
that formation for that property

Now it is a sed mentary deposit, relatively
uniform We do not expect any significant deviations in shear
wave velocity or mater ial damping across that site We do

expect changes in thicknesseas, and that is why we ook at «ach

building on a case-by-case bas s Some places the claystone
may be - ‘+e veet thick, in other cases it may be four feet
thick, and we account for that in cur analysis That is the

main purpose

MR LANDERS | understand the purpose I'm just
telling you that in doing that, just vo ify what you said.

MR. CLOUD The key thing is the |imestone itself
will have the same properties, regardiess of what it is, and
the claystone will, the other borings, so the trick is just to
be sure to account for how much of which there is

MR TRaMMELL | would | ke to ask a couple of



16

17

18

19

£0

S7

licens ing quest ions when the technical thing has run its

course

Are we through with that?

MR . JENG With the technical?

MR . LANDERS ! have one more cuestion. In mak ing
all of the changes that you made, just as a matter of

interest, why is 't that you did not pick up the Reg BGuide?
MR RIZZO | have ore answer , you have a different
answer Do you want to give ,ours first?
We did not want to change basic seismic input.
That 's what we did not want to change We thought that would
be sub ject to more concern on your part than if we just
changed our analysi s procedures

MR TRAMMELL How is it that you can reach the Reg

Guide -~

MR JAN When we submitted the PSAR for this
project, it was in early '78 Aand then | tnink | ~emember in
March or April at the San “rancisco conference the Newmark
paper was presented. Aand a2t that time, | guess, sveryone

attending the seminar rea! ized the curves to be used Iin the
future, so | guess quickly we changed our input in the PSAR
based on that paper Aand then towards the end of that year, |
think the Reg Guide 1 50 was publ!ished, and the Reg Guide 1 .60
Revision 0 was somewhat different from the original paper

But we already submitted the curves based on the
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paper We did not both to change because the differerce was
rather small

MR LANDERS But here we are now in ‘85, and [ 'm
wonder ing why you did not change that fAand what | heard was,
you did not want to change the basis for seicmic z2nalysis,
when in fact you have done that You have changed input which
has an impact on that

MR . JAN But the difference is rather minor.

MR LANDERS But one of the differences is the high
frequency range, and the high frequency range can be a
concern with respect to operating equipment.

MR SHAD But the minute you reocpen this,
everything is subject to review, all of the assumpt ions

MR. RIZZO That is @ rather broad comment

MR . SHAO: The whol!e sub ject relating to the
spe. ra, the soil structure interaction arnalysis ¥ you
change that portion of it, you change the whole thing.

MR TRaAaMMELL You're opening up the t ox here This

was al!! reviewed and accepted back Iin *'9-- -- whenever it was
you got your construction permit You'‘re opening it up, and
who knows what is in that box You're going to find, who
krniows?

Do you want to do this?
Let me ask a couple of other questions You want to

update yourself to 1985, yet you are sticking to your olg -~
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Reg Guild 1 60 for horizontal and not Reg Guide 1 6 for
vertical The point is, at what poaint do we go back and amend
the construct ion permit? And that is my licensing qiestion

You have a construction permit which is tied to what
we have already accepted, and we are going to need a
discuss ion from you on why it is that you do not need an
amendment to your construction permit.

This is pretty major, seeing accelerations going
from S gs down to 82 nd that kind of thing. It is of
substantial benefit to you But | think you are going to have
to face that issue

MR . CLOUD Why would it be necessary to amend the
construction permit?

MR TRaMMELL Put the shcoe on the other {foot Why
isn’'t it necessary”? You're making substantial reductions to
the safety margins in the structure

MR CLOUD: | would say on the face of it, the
reasorn that it is not necessary is because we have changed
none of the fundamental des i gn-basis parameters

MR TReMMELL Just discuss it when you make the
submittal and see how it zomes out It certviniy raises that
quest ion

MR GEORGE Covid | speak to your questic « and
Mr Bosnak’'s question before he left as to really why we are

doing this?



P

6

17

18

1@

60

MR TRAMMELL | would | ike to hear why This is
nct just research and davelopment

MR . GEORGE Ctuld we start with the Comanche Peak
piping system and the electrical system, the supports fcr the
piping systems as well as the supports for our -~ the supports
for the conduit in the raceway as wel! as the piping”?

The capability of these supports to behave under (he
seismic events and carry the lcads they are subjected to. of
course, has been cal . ed into gquestion

Now if you go into the preregquisites of all of the
design process to design for these forces, to decide what
loads they should be able to carry, we fee!, from an
engineer ing point of view ~- and it is based on pilot studies
~-= that certainly there is conservatism, that in a number of
the preregquisites ~-- and the response spectra, of course,
being one -~ we think that there is conservatism there, “‘hat
by reevaluating and by reanalyzing this spectra, Zertainly
there could be some insurance down the | ine when the Comanche
Peak response team, whom you have heard iast Thursday and
Friday, are responding to the NRC technical review team
issues, and thay told you down there that they would be using
the er i sting parameters, the existing response spectra, with
Stone & Webster in their analysis

Aand Mr Bosnak was questioning me on that at the

break There seemed to be a conflict there and | stated --
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and the project would | ike to make this submittal -- we feel
that the reanalysis of this CPRT, using the existing
parameters, that we can satisfy all parties, |f they are ckay
with possibly some modifications

Ve view this down the |ine as insurance, because if
the Stafif does accept shat we submit -- and c.rtann}y we are
aware that there are a ot of aspects involived here with
equipment qualifications and the things you raise -- we do not
take this lightly ~- and in the submittal that we make, we
would expect it to be documented and self-supporting to your
sat i sfaction

That is an attenpt on my part to summar ize why we
are doing it It has been under way, really, for a iong, long
time as far as reviewing the response spectra over in the
eng  neer ing area There has been considergbie rigorous
analysis put into it in the last severza! months as to where we
need an amendment toc the construction permit Certainly we
will evaluvate that, and | will get John Beck and the |licensing
folks involived. And again, the purpose of meeting here today,
| feel, has been very successful in meeting our objectives, in
meet ing your response to the status of our analysis at this
point in time

| told you ear | ier we were expecting to make
forma!l ized, well-documented submitta! on this matter soon and

would appreciate your timely response to it
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MR SHRD One other guestion | have Can you
ment ion some other plants n the United States that have used
this particular methodology?

MR. RIZZO Every plant that is using the |umped
parameter analysis is doing the same thing The use of the
impedance analysis is 8 verification of our
frequency-dependent parameters There is nothing unusual
Other rock sites, like Diablo, are ¢ ixed base

MR. CLOUD Yes and no Ultimately it turned out to
be ¢ ixed base

MR SHRD You propose to meet the Standard Review
Pian?

MR RIZZO Yes does anybody want to chal lenge
that? I don’t think there is any issue with that Frank, you
seem 10 know 1t fairly well

MR JENG There is some corcern as to whether you
actuaily met commitment to motions that it is applied In the
free field at the foundation ievel because of the way that the
substructur ing approach is done. There could be & Classi
factor in the reaction of the motion That s the point |
ment ioned ear |l ier 1¥f you would stress in your submittal why
you think that is not the case

Coming up to Larry’'s point, some specific
quotatation of cther licensing plants which use the specific

thing as & basis for the interaction
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MR RIZZD Eduardo Cossel !l reviewed it

MR . JENG You could call it another name, but this
particuiar substructuring of any other plant which you know of
Fras usud this one as & licensing basis, he wants you to gquote
it That’'s the point

MR RIZZD All of the w' k that Lawrence L ivermore
has done, Classi runs.

MR . JENG This is a2 good point for me to point to

you ==

MR SHAD I am familiar with the Lawrence L ivermore
wor k | was in charge of 1t But the actua! aspplication of
plants | want you to cite i§f there are any plants I am

talking about asctual application
MR RIZTO You understand the use of Classi
and that computer method for the {frequency-dependent analys s
MR . JENG The point is that you ment ioned ear | ier
the NURES report such and such here does not cons ider
different than the NUREG
MR RIZZO I know I have pub! ished NUREGs t1no
MR SHAD You have ment ioned that Lawrence
Livermore -~ this is all research The Regulatory Staff has
not adopted a position My point is if you carn cite any plant
that has used this, maybe two or three or whatever you have
MR RIZZO We both have to appreciste that the

amount of soil-~structure interaction analysis that has been
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done in licensing in the last few years has been minimal
There have only been & copule of plants. and here you have an
advancement of the state of the practice, not the state of the
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for trying to do a ref ining and as technical & job as
possible

MR . JENG We are not doing that.

MR RIZZO: Then fine.

MR SHa0 But then why aren’'t the other plants
using it?

MR TRaMMELL This is & construction permit issve
That's why there has not been any traffic in this area, and
that gets back to my first question Is this one of the
primc sl engineering and architectural criteria for this
plant? and if it is, we need an amendment to your

construction permit

MR CLOUD | would say it is not
MR TRaMMELL That's f ine i wiil not debate it
with you But | would leave you with & question. This is &

CP issuse, basically

MR. CLOUD | understand

Larry., in response to your question, | think the
method -~ in our submittal what we can do is identify the
dififerences between the work that Pau! has descr ibed and &l

of the other -- what | would |ike to call the regulasr [umped
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parameter approach, but most of the plants in this country

were licensed on the basis of & lumped parameter analys s, and
I think the work that you descr ibe differs very litte, if at
all, from all of the other lumped parameter analyses presented

in the past .

MR SHRD There is a difference

MR JENG You ment ioned in your opinion there are
very small or insignificant differences between the other
methods versus this method

MR . CLOUD: | said we would identify the
differences

MR . JENG Let me turn it arcund and ask a
quest ion Vould youw find it more useful to use & regular
fixed-base and still §ind that It serves the purpose which you
ment ioned”? A s mple fixed-base mode!, which wouwld have been
much easier with the ~- my guestion is, can you do that? UWould
that he!p you encugh? I would |ike to know That would be
much easier and iess at issve If you used that one, and then
you are entitled becauvse of the rock foundation there, and the
SRP says you can use {fixed-base analysis.

MR RITZO: You agree we are clearly rock Aare you
alone or do you have universal support for that position,
Davig? ¥ you do --

MR GEORGE: Ve started cut on this several months

ago In fact, that was our cobjective, to go with the



10

1"

12

12

14

15

16

17

ie

19

€0

a1

g2

eR

~n
-

€6
fired-base mode !, but when we got intc the issue of the

flayer ing, we were trying to go the extra mile, and we are

aware that this is taking us more timo I¥f we had gone
fixed-base, | guess we would hsve been in here two or three
months ago But we have done all ¢cf this I have tests going

on site just right away, redoing the crosz-hole measurenents
and the shear wave velocity, all of ithis layering

S0 we have been trying (o go the extra mile to make
sure we are doing the right thing

MR JENG s that because if you were doing that
method you had proposed here, the outcome, the pre! iminary
cutcome would have shown (ower than that you would obtain from
& simple {fived-base method? That's not the case”?

MR RIZZID No The shear wave velocity is between
4000 and 6000 The 4000, the lower number, is the eguivalent
shear wave velocity for the entire format ion The Glenrose
But the those interbedded claystones (n there, they canmn be as
low as Z000 or 230 feet per second When you put it all
together ., you get 4000 The | imestone tseif nmay be S000
That ‘s the real problem, by your definition Cleartly | have
tc shoot it *o get it owut. You begin to look at the clay
You are going tc question, if they come in with a fixed-base
anal'ysis, if it is, in fact, the same

MR CLOUD That s exactly what we waere concerned

about
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MR TReMMELL: UWe will have to talk one at a time
MR . JENG: 1§ you are talking the 4200 to 6000, |
really have difficulty arguing of treating that as & soi |l We

commend you trying to do the best job, but if you are going to
do this particular type of approach, it may be more of a
detailed review on the part of the Sta‘f because of not being
Quite often used in the past compared to other gernerally
practiced approaches

| couid quote you 30 or 40 plants using the §ixed
base I think you can find plenty of cases where your type of
rock can support the simpie fixed-~base mode! .

MR. RIZZO My concern with that problem is that
whern you rewrcote the Standard Review Plarn betwren 1975 and
1981, you took out the criteria for what is a rock site The
1975 Standard Review Plan says -- 2500 In '81 there is no
ment ion of that

re  JENG But youw can gucte the precedents The
point is can you do this particular fixed base mode! and
serve your purpose” 1§ the answer is yes, | would suggest
that you consider that approach to meet the ieast res stance
and more efficient, but if you cannot achieve what you intend
te achieve, then that is a different story

MR RIZZO Give me & criteria under which | can
tell you f1+3t | have & rock site or not f you can give me &

criteria, then we will decide whether we are going to take
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that approach. Right now we are lacking a criteria

MR JENG I‘m not here to say anything., but if you
ask what are the rock materiais you have there, essentially
what is shown in the past, there are no changes or not even a
ment ion on your part, then we will consider it

MR SHAD The minimum shear velocity is 40007

MR RIZZOD: We havir in those clays*ones the same
bands that | showed | showed vou on that one s ide Shesr
wave vel!locity could be as fow as 22300 Now, those are 5 feet,
6 feet, 3 feet thick

MR JENG Out of how many”

MR RIZZO Out of 400 feet

MR . JENG fAs competent eng neers, Is such a
refinement really in the best interest of this analysis? You
should think about it Five or six hundred feet You have
tern lenses of five to ten feet interspersed somewhere

[S)idel

MR RIZZO: Berieath the aux bullding, there are two
layers here, one here and one here

MR JENG: That is to scale

MR. RIZZO: The foundation, 784 6 This is 776 .9
That s eight feet | have a couple of feet of | imestone, |
rhave 2 feet more claystone. Here is S feet of claystone
tHere is 10 feet of claystone

MR JENG Iin the order of 3000 -~ 2200 We are
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remeasur ing 1t, though

MR RIZZO 2200, maybe 3000

MR JENG Why can‘t you apply the weight ing
tpproach that you did on the other stepped mat? To me --

MR RIZZD Wher you weight it you get 4000

MR . JENG Meny pecp'e have done that I am
wonder ing why you dia not feel tha! could te there.

MR RIZZO: We would be vary happy to do that,
David, if you accept it as & criteria

PR JAN ls 4000 accepteblie?

MR . JENG Uncfficially, subject to upper management
approval I think it is a -~

MR LAanNDERS We have accepted =25

MR . JENG Maybe you would reassess the situation

MR HOFMRYER Perhaps one consideration would be if
you had compar isons for § xed-base versus the method They do
not substantialiy differ. Then you have justified that it is a
{f xed-base site

MR GEORBE The pilot studies were done on

fired-base I hired consuitants to do pilot studies a number
of months ago The resuits are probably even more significant
than this

MR RIZZD For some frequenci es we see a more

dramatic reduction

MR HOFMAYER But that establ ishes whether or not
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there s a fixed-base site After 2!l of this ref nement, the
results are not substantially different

MR GEORGE We did not want to come in here and say
we have a fixed-based site and we have shear wave velocities
that we are going to be discredited for Again, we were
trying to overdo it

MR . HOFMAYER You could reverse it ¥ you came in
with a {fixed-base site, pecple would ask you a8 whole ot of
quest ions

[Laughter]

Maybe you are home now and you couid meld the two
arguments together

MR . JAN It is more or less Iin !ine with what we
have in the FSAR

MR . JENG Let me take & summary of what | «» Id

like to say, and then | will pass it on to other pecple. You
have presented & procedure which | feel there are these
following wesknesses Number one you shouwld articulate more
as to why you are doing this reanalys’s Trhe question couw'd

be asked, given the envirornment we are operating under, what
is wrong with the ear ! ier one? And please answer the
Qquest ion That question is very important

Second!y, | think Don Landers has a good point, and
Larry mentioned this earlier You should strong!y consicer

the use of Reg Guide 1 60, although | agree they are not much
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different If they are not much different, then why ~- make
it eas er You should consider it tsing the 1 60 but that is
sub ject to Charley’'s point, whether this would be & ma jor
change that would require the CP revision

Now, et me go to several points | ment i ioned 1 ¥
you are right to persist to use this approach, the Staff in
the past have encountared some concerns, and thay concern --
'm not saying it is unsurpassable, but it is a concern you
have addressed in more detail, and the point is the three or
four. And then in the next one, | would |ike to say --

MR . SHAD The three or four plants that --

MR JENG The three or four parameters of
concerrnn The potential reduction of the motion from the upper
to the foundation level, and how did you account for the
embedment as you indicated you did? And alsco, how are the
mater ial damping justified to be changed from & to 5 percent
potential ly? It may mot be the finite. And aliso, the spectra
has dropped so much from before and after, and there would be
some questions asked as to why |Is it the right thing to do?
Did we do wrong things hefore? @And that you should articulate
and do your best to defend or justify

In regard to the submittal, if you are going to use
this method, fine One question would be how does it compare
with down to earth fixed-base with the damping mode!? Would

the result differ too much or are they about the same? 1§
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they are about the same, what is wrong”? In regard to that,
you talk about your concerrn about the rock or soil I think
unofficially we feel! that i{f you were talking 4000, on the
average, on the weighted basis, | think that we are qQuite
conf ident it will rock

MR CLOUD: What if it were 3500 on 2 weighted
average basis?

MR . JENG: i still maintain you could quote the
precedence of earlier licensing actions, and Larry ment ioned
that there are 21 positions there. Based on that position,
rany plants have been |icensed, and that makes a good
argument, in my opinion

MR SHAD: There are lots based on -- anything more
than 3500 is a rock site

MR . JENG You kn~w and we know that anything above
2500 -~ and Newmark was qQuoted many times to me The response
does not differ so much It does not show up

The increase of ten times in the rocking That is
one of the main considerations of the reduction in the peak

MR. RIZZO: On that building

MR . JENG Yes 1§ you are having that resul’. on
other buildings with active or more thorough --

MR RIZZD: Only on that building do we have that
dramatic change

MR . JENG: The last point, Don Landers’ point You



10

1"

12

13

14

15

16

17

18

19

€0

n
-t

ee

es

ca

73
are going to do a simpie bor ing coutside of the plant area |
think one can conclude that the system within ‘52 olant
complex will he identical It is made with some variation in
the thickness, and if you're going to prove nonl inear
behavior, you may prove it; cotherwise | see no point in doing
it, unless you want to prove some nonl inear behavior of the
mater ial to prove it is S percent rather than 2 percent For
that purpose, | can see it. But one may not be enough.

MR RIZZO: VWe're doing three bor ings One area,
three bor ings

MR . JENG I don’'t think that is variable That‘s
an opin.on of mine

MR RIZZOD: Before we leave that, --

R . JENG What do you want to know?

MR RIZZOD: ¥ | can show the shear wave velocity
equivalent is higher than 3500 -- and we think that we can
justify a fixed base -~ that is important.

MR . JENG Don‘t you know that as shown in the
ear |l ier boring? You mentioned the rig You have shown 15 or
20 bor ings

MR. RIZZO Whern | come Iin to argue with you guys
about whether it is 2500 or 4000 or 2300, you are going to
take issue with me on the data

MR RINALD! Can | inter ject something? ! guess

this review was done several years ago, right?
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In the previous evaluation, you took th s as rock
You took this layer ing effect Did you cons ider the layer ing?

MR RIZZOD Only in equivalent value

MR RINALDI: You took it &s a rock site?

MR RIZZO With a shear wa' e velocity of 4600,
something | (ke that

MR. RINALL.: Basically, | don’t know if we're going
to be reviewing the submittal that you have in mind, but from
what | hear, you have two limiting conditions You're taking

it as & lsyered site, and you're taking it as -~ you'v> done

some preliminary studies to be fixeo base, and you have al!l of
the information It is just & matter of presenting it, |
guess, the way | see it

MR . GEORGE We have a worid of inform:cion, and |
might point out, as Mr. Scheppel!e stated earl ier, Professor
Hol ley and a8 number of other professors concurred with what we
were doing They, in the early meetings, the biweekly
meet ings, the concern with layering and the one with fixed
base is one of the things that led us to go the way we're
going Ve definitely started out on verify ng if the shear
wave velocities were such that they would be acceptable to you
pecple and used the fixed base

It is certainly more straightforward and sasier We
will rearnalyze exactly where we are at

MR RINALDI It sounds | ke you have all of the
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imformat ion But if you have amny question, | just want to
present a suggestion To make a cecision about the soil, you
might want to have the concurrence of the gecscience, the
gectechnical persons on the Staff, which probably would have
an input in determining that | want to suggest, from the
structura!l point of view, although | have not seen alil of the
results == | was just given an outliine -- it seems nat you
have all of the information and the |Iimiting cases cons idered
in your evaluation, so that the only other suggestion is that
you might want to get an input from the gecotechnical,
gecsc ience person at that site, where you can just go the
shortcut and take 4000 as an average weighted value

MR . JENG One important point --

MR . LANDERE I1f you stay with what you have -~ if
you don’‘t, then fine -~ but if you are going to stay with what
you have, can you give us an idea "ow of why you had dramatic
crhanges in stiffness versus the old approach? Why is i. that
the lateral stififness reduced and the rocking stiffness
incressed?

MR RIZZC: The lateral stiffness is reduced
primarily because of the layering of the claystone up near the
top of the foundation The vertical re.ced primarily because
the shear wave velocity of the Twin Mountains formation is

a little bit lower than Glen Rose, and when the original )

analysis was done, it was assumed that the vertical is not 18
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inf 'uencing that depth It yoes influence that depth, 'n
fact The rocxking 18 the geometry What you saw was the most
cdramatic effect in the aux building

MR LANDERS Explain geometry to a layman

MR BURWELL " Can you use & sl ide and make some
reference”? I think it would be eisier

MR RIZZO: Sure.

MR BURWELL This is Section DD of the auxiliary
electrical building, an 2arlier slide

(Sl ide 2]

MR RIZZO | would |like to go back to the previous
slidge, the plan view of that foundation. When we did the
original FSAR analysis for this building, the mat, although a
singular mat, crosses the entire length It was treated or
split to accommodate the structural model, which you recall
from previous slides, is two sticks coming down

(S ide 2

At that point, the construction model has & stick
here and a stick here (indicating. and when the rock
structure interaction parameters were considered, this was
taken as a single mat, and this was taken as a single mat
tindicating), even though it is one continuous mat across
there

So when the springs were calculated, they were

calculated one here and one here (indicating), while, in fact,
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if you consider the entire mat, it is not |inear You fdo not
have the two, because It is a cubic function, and therefore (§
you generate one stiffness with this direction, as opposed to
two small ones, you get a much larger rocking stiffness

Mk LANDERS You had a s!ide up that showed the
stick mode! that had two separate slabs, and did it not have
sSprimgs in each slab?

MR RIZZO: You are correct.

MK . LANDERS So your  del, in fact, -~
W . RIZZO When | went to the model, | said we
calculated a singular spring for the entire mat, and | said

that we resc'ved |t was consistent with the model

MR LAaNDE=S How did you rescolve that?

MR. RIZZO By shear ing geometric compatibility and
static That, in fact., is where the big factor comes from on
the one spring in the geometry calculation

MR . JENG The torsiuon, the stiffness, you used the
entire mat? Do you separate the two models?

MR RIZZD When we do this analysis, we have a
separate torsion spring as well

MR . JENS: Fur the determination of the rocking and
torsional! spring for each of the mnt; shown there, did you use
separate one-ha!f dimension of the tota: =mat?

MR RIZZO: UWher. we calculated the spring constants

for this building, it was two 3teps First, the spring
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constants were determined for the entire singular mat bereath

that building

MR JENG For what degree? For six degrees”

MR RIZZO Six degrees of {freedom wWhern we app! ed

it to the structural model. which is broken into ‘wo parts, we

resclved this spring into two compornants, each one =7 ttose

six springs intco the two components Geometr ic
compatibilily The two verticals must equal ¢t Jertica'

The rockirgs must satisfy the rocking, includ ; \ne R i
components Torsion must be satisfied by the hor - !

sSpr ings

MR . JENG But between the two submats, you must
have sone point of compar ing and determining, assuring
compa.ibility

MR RIZZOD It is riding statics Some of the
verticals must be vertical.

MR HOLLEY: At the risk of messing it un, Dave,
what | think Paul has done is to calculate first the six
springs on the basis of a4 single large mat It is then said
that if you had that single large mat, uut each of these six
sSprings was actually a pair of spring., $o you had two located
for the separate parts, what would the properties of these
twelve springs have to be to be equivalent to the six? aAnd to
calculate tnat, you use simple statics and geome.r ic

compatibility on the assumption that whatever was occurring
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was the geometry of the large mat

in cther words, if you simply said, |'m going to
teke the six springs for the large mat and by statics aione,
break them down into two sets That‘'s all they did

MR . JENG But it should not be the statics
cons iderat ion 1Y should be that the behavior responds to the
deformat ion, to judge whether conmpatibility has been
attained You are equating the two forces, that the sum
equals the orig:n of the big one But what about the
behavior?

MR RIZZO That is a sinplified way of saying it,
David You also have to assure the rocking spring, the
overall rocking behavicr of the foundation I know | have two
springs, how the two springs are affected by the verticals

MR . JENG Do trhey rotate at the same angle?

MR RIZZOD Yes You assure that kind of
compatibi:iity.

MR . JENG L at was the advantage of dividing the
two sticks Why couldn’t you use the six springs or the large

mat? What is wrong with that?

My RIZZO: Nothing is wrong with it It is ancother
approach to doing it This is the one that was used in the
FEaRr

MR JENG: it ‘s sort of unorthodox, and it is

arbitrary, but ! don’” mak 2 judgments .
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MR RIZZOD We have to make certain judgments at
what point, do you change your FEAR, and at what point do you
simply change analysis procecures? This is one of those
border ! ine cases We elected not to change this part of the
FEaR . It would certainly be ro different (f we put & single
mat in there with the same spr ings

MR . JENG The upper mass points

MR RIZZD: You get siightly different responses

MR . JENG The response 18 what we are interested
in, to make sure they are consistent and compatible

MR RIZZO: If you want to be consistent with the
FSaR, then you have to do this (indicating)

MR JENG | presume you have some explanation of
how this is done

MR. RIZZD Yes

MR TRAMMELL Let me ask & couple of que tions s
this over with?

6o ahead, Bob, you seem | ike you want to say
something

MR CLOUD: | don’'t want to contribute to this 1
want to come back to the issve of the {§ixed base | can do
that when you're finished

MR TRAMMELL Let me ask a question We have seen
-~ we have a response spectra meeting, and it looks | ike you

want to change the response spectra, and there are some other
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things that have gone on in recent requests that make me think
that | want to see what the entire program is, if It is a
program, or these | ittle piecemeal things
We have been asked to approve the use of some recent

edition of the ASME Codes on supports, Section NF We have

been asked to al!low you the use of , | think it is N-387, as a
code case, but | 'm not sure It has to Jo with combining
modal responses or something You know what that is, but |
don’t

We have been asked to approve the use of Code Case

411, which has to do with damping piping, | bel ieve, and now
we have response spectra These four things seem to be

related to the same sub ject 1§ you're going to go back and
redesign piping or conduits or cable in some cases, it would

be cf some value to you

Is there anything else? ls there going to be a
meet ing on something e!se next week, or is this pretty much
the end of the reassessment program?

MR . GEODRGE As far as what | call the prereguisi tes
to this analysis, this is a response spectra, to my knowledge,
coupled with the code cases It will be what we will have the
opportunity to use in any reanalysis, with your approval, of
course, and we are proceeding with the reanalysis, of course,
on our existing design basis parameters. Thai is the Stone &

Webster reevaluatiocon of p ping
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MR LANDERS For example, is there any anticipation
that you know of , Joe, to use higher damp ng for the cable
trays, which is not a code situation?
MR GEORGE - The program on Unit-1, | don’t

anticipate the additional damping there. That coul!d be one

that | don’t have the answer to here today. The response
spectra will impact, providing what comes through on response
spec *a we have talked about hire today, it will indeed affect

the locading on cable tray supports and on conduit supports and
more importantly on embedded bolts that attach these to our
stee ! reinforced concreta | view thi s response spectira issue
as an opportunity in any reanalysis to add a layer of
insurance to the showing that this equipment is satisfactory
and will do its job in most cases, and hopeful ly with a
minimun of redoing the things

MR HOLLEY | think the program that Marquette
discussed last Friday for the cable trays envisioned ~-- or he
actua!ly ment ioned some element tests, among others, and |
can imagine that these might lead to a request for local

damp ing changes

MR . GEORBE It possibly could. B.t as far as my
being able to tell you positively one way or the other, |'m
rnot in a position to do that today We will be testing the

conduits more than the trays

MR . SCHEPPELE {'m mot sure whether they plan on
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esting the trays with regard to damping, but certainly then
it would have to be defended.
MR LANDERS We understand that, but really uwnat

we're trying to do here is, faced with the ARE potential for

that, is to ook at all of the issves that would be impacted
by that, and if, in fact, there is the anticipation to use
higher damping values on the cable trays, it would be nice to

know that up front .

MR, TRAMMELL X  Je want to get it ali together, so we
have & package here, so that we know collectively what we are
caced with We do not want to just pick this piece of the
code out of here, because we kind of |ike (hat, and say.,
"Let’'s go back to the ‘74 code for that That's kind of
reat . " And by the time you put it all together, you don’'t
have the cohesion that we thought we had

MR CLOUD: Cari we come back to the fixed base,
tecause Don raised a guestion that would help you better
understand exactily why we did this?

Coulid we see the soi! profile again?

(Sl ide ]

It is kind of important, because it would have been
easier for us, as Joe mentioned, tc go -- to come in and ask
for §fixed base But we wanted, if you will, to account for
any potential questions that would subsequently come from you

pecple. and as Don’'s question on how did we -~ why did the
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stiffnesses change, clearly, you know ~- clesrly elaborate the
reasons for us making the decision that we did, because
whereas a couple of feet of claystore here and here and here
would not make any difference, the placement of it is very
important As you see, ' is -~ the thick layer of claystone
is right at the very top

[€lide ]

This strongly affects -~ this shows it even more
clearly The thickest layers of the claystone are right at
the very top, which strongly affect the rocking anZ the other
close in properties

And not shown on this -- and by the way, the middle
one in this picture is exaggerated It is very thin, It is
only a couple of feet, and then it goes down for 100 feet of
solid | imestone, but then the entire thing s underilain with
the other formation, the Spring Mountain formation, which has
& strong effect when you cons der it So it is the placenent
of these different things as much as the volume of them, and
we felt that If we do it the way that we had done (t, then we
will more proper iy account for the true physical behavior of
the site That's the reason we did it Right, «rong, or
indifferent, that's the reason we did it

MR. RIZZD The claystone was 2300 to 23500

MR . JENG: This resulted in the change of the -~

grastically in the vertical direction?
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MR. RIZZO The hor izontals

MR . JENG Based on my exper ience of reviewinrng
plants, |’'m not concerned about the vertical direction; |I'm
very much concerned about the major change of the spring,
which is the 30 percent contributing tae the higher level of
response in the horizontal action, Z I will be concerned if
yOou are proposing a procedure which would change the torsional
springs and rocking, which in my understanding would lead to

changes of 80 percent of the responses at the high level. |

would |like to know why such a change is reasonable,
Jjustifiable and supportable, and for that reason | am going to
add the point that he reminded me Assume youw are going to

cont inue to come up with the procedures, which you might as
well, though, if you so believe that s the basis for your
plan

i would |ike to see any additional informations
which are sco-cal led observed behaviors, observing the response
data of arny plants as they are compared to the application.
Not just saying that in 1982 somebody wrote an improvement on
the computer of such and such and another guy wrote a
ref inemert of the computer code, and putting these together,
you say it is 1985 technology

That is not what we are interested in. UWe are
interested in what reality has taught us since 1975 which

would make your procedure more supported, more believable I £
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yvou have such information, we would appreciate it Maybe to
try your effort to fing |f there is any other evidence.

MR RIZZO ‘e best we have is Humboldt Bay, the
performance that -- you know the results of that

MR JENG: Since Humboldt Bay, have you observed
anything from a European scurce?

MR SHAD So far the methodology changes have been
analysis. The actual observed behizvior exper i iments. Do they
have anything about actual incidents?

MR RIZZO We can certainly look in Europe We

krow there is nothing else in the States except Humboldt Bay

MR JENG ¥ you have a 2300 psi interspersed in
such a way, | consider that this is part one from the
ergineer ing standpoint for the structural analysis. | believe
that is the case But you have other judgments Then | woulgd

yield to that

MR RIZZD Qur first jurigment was to go fixed

base | would like to hear a reading from you, Don
MR . LANDERS In hinds ight, it is going to be
substantially easier for you to sell fixed-base to the Staff

than the kind of analysis that you are involved in right now

MR. HOLLEY And we would never know if It would bwe

the other way arocund if we had gone the other way

MR LANDERS You could have walked in here with

f ixed-base and got hit with 900 questicsn the other way
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MR . ENOS If you go with fixed-base, are you going
to try to take credit for the Twin Mountain effect where it
gives you such & drastic reduction in the vertical resporse”?

MR. RIZZO We don’'t take credit for anything i{ we
go with fixed-base It does not give me drastic changes It
just softens the vertical strain

MR ENOS You have a real big reduction

MR. RIZZO: That is damping, primarily, a big

vertical damping correlation coming into play I had the
vertical geometr ic damping at 65 percent. That impacts on the
vertical response But ook, fellows, if your attitude is

firxed-base -~

MR. CLOUD We witll reserve the option

MR LANDERS I think one of the things that was
said here that maybe should be repeated is that here are no
gecteckhnica! people here

MR SHRAD: We had the coplion to look at fixed-base
too

MR . SCHEPPELE Can you give us further guicdarnce on
things |ike this? i think you understand what we have tried
to do in good faith in this particular matter It is a
situation which to a certain extent is judgment. Now, | would
think that you should give us in some form some guidance on
this, however, that you would suggest

MR . SHAC But today we are essentially exploring
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MR CLOUD: | understand that

MR SCHEPPELE UWe are not trying to have you commit
cone way or another, but we have a good dialogue of what can be
cons dered. We heard the reason of what we did what we have
done But in the hierarchy that you have here with regarc to
manners in which you fee! as though the licensing could be
expedited, which realiy is the heart of the matter, | would
think that if we could get your guidance from the viewpoint of
the {ixed base concept in some form, however you would ask us
to do it, by writtern form or whatever, then | would think that
that would be something that would expedite the whole
situation

We understand We are not asking you for a set
position today We have tried to give you as much information
as possible, which | know covers & broad range That guidance
that | can see on that point is very criticai

MR SHAD Dave expresses the cpinion, but | also
warnted to see ¥ everyone agrees with the fixed-base too, from
the sci | pevple

MR CLOUD There will be soil people who ook at

MR SCHEPPELE: Do you have any feel for the timing
it might take to get --
MR . SHAD | think | would like to talk about other

implications -- | would |like to talk about other implications
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$0 that you are aware when you make the submittal how are we
going to review it The minute you open this box, we are
going to review the whole thing We are going to review the
specira | think Dave has quest iors «bout the modeling, the
past model ing. The whole issue has to be reviewed It is not
just everything is right and we are going to do this

MR SCHEPPELE | assume you don’'t go back to ground
sccelerat ions

MR . JENG But what spectra should be the one in

1 60, or the Newmark spectra, which | understand you reasoned

MR J&aN Let me add the Comanche Peak project, the
ground response spectra are essentially based on the Newmark
paper, and then when we said horizontal, it is Reg Guide 1 €0,
because Reg Guide 1 60 comes out of ~-- it Is like the coriginal
paper and for the vertical, just somewhat different, but the
differernce is rather small. We do not consider it as a really
significant effect, so we are rnot chousing one part of 1t and
leaving the other part ocut.

MR SHAD Suppose you have the whole package here
This part, you want to use the latest knowledge, but the other
part, you also want to use the latest knowledge That is a
question that would come up you are to answer and the Staféf to
answer The whole thing You say everything is closed. The

minute you opan, you open the whole box It is not just



opening a portion that you want to open.

w

with this ~- to what extent do you want to go

e MR. HOLLEY Operationally you feel it would be

8 easier, In essence

< MR . SHAD Suppose they wanted to open the ground

S acceleration, too

& MR TRAMMELL Look at locad combinations, see how

7 modern that s -

8 MP . SHAD it can also be under Staff control

@ MR TRaMMELL 1 9@ load ractor

10 VOICE Are you Zoing to commit yourself to Stancard
11 Review Plan, 1981 revision all together? other words, are
12 youw going to reanalyze the structures, for exampie, for the -

Us ing the rnew seismic codes, or just leave them the way they

14 are”

15 MR SCHEPPELE You mean with regard to the response
16 spectra we have shown here

17 VOICE Yes

18 MR SCHEPPELE: From the point of view of iooking at
19 the lcadings, yes

&0 VDICE There is a new revision of Standard Review
e Plans, July 1 Are you going to resubmit or revise the FSAR
a2 according to the new release?” Are you going to use the

ez arnalysis of containment using 1983, for example, issuve of

ca ASME, the Code revision 27 At what point do you want to go

to ths
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modern izat i v svalysis or FEAR? Where do you want to
stop?

MR . SHROD You have to thir: out all of the

implications before you ask for a change on one part They are

related It is not just isclated
MR . SCHEPPELE 14 you try to get a change in this
criteria, in effect you are opening all aspects of licensing

MR SHRAD: You may open all aspects.

MR TRaMMELL : Let me ask you a qQuestion on timing,
Joe How soon would you need approval of somethi.g |like this
to be of value to you? The clock is running and you are
mak ing changes | guess you are making them in the basement
That 's where the changes seem tc be minimal here Is that
right? Are you working the probliem in the iow level of the
structure for now, on cable trays or conduit repairs or
whatever you are doing? There is work going on | heard you
say that

MR GEORGE: Yes

MR TRaMMELL Are you on hold now with respect to
this issue, with modifications to conduits or cable triys?

MR = GEORGE No Any support work under way in the
way of piping support will start with the reevaluation in
redoing any core support stability that is in issve, and
that does not really get into the loading of the supports so

much That work will be ongoing in ancther weex or S0
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me. CLOUD The basic plan, Charley, orn the
reanalysis for the piping is to initiate the work on the
current basis, and then {f some piping or some support should
turn out tc require attent ion, then those would be set as ide,
and then when the new spectra come -~

MR TRAMMELL So you would have to do that How
soon would you need this approval to be of value? The clock
is running here Time is very much of the essence.

MR SHAD Existing spectra

MR TRAaMMELL 14 it is going to be of value, it has
to be of value fairly soon, it seems to me. How soon wouwld
you expect the Staff approval, other than as soon & possibie?

MR SHAD You have some quest ions

MF TERAD My question is relating to seismic
Qualifications

MR SHAaD Most of the question s at the foundat ion
leve |

MR . TERAD Based on what you are seeing with the
response spectra, what do you think the extent of the impact
may be for the seismic qualification? Are you going to do
reevaluation” At this point we have almost §finished ocur
rev.iew

MR CLOUVD The amswer there (s that we wou!d hope
that this work would Frave no negative impact on equipment

Qualification
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MR . SHAD But not on the curve | saw

MR LaMDERS They have already stated that they
will look at that

MR SHAD He says no impact.

MR LANDERS They are hoping no impact, but ear i ier
we have on the record that in fact they are going to take
these new anpl i f ied response spectra and look across the board
at all of the equipment

MR SHaD He should know how much work s involved
with the seismic qualification You have to recpen that
Issue

MR CLOUD Certainly we have to address that
ISsue ¥ these spectra have negative implications for any of
the equ i pment in the plant, it will obviously be necessary to
address that

TR . ENOE i have & grestion where you show the
original spectra and then the new spectra Wowuld you put one
of those sl ides up for the horizonta!l?

[S! idel

You said earlier that you were doing plus or minus
10 percent and then an additional 10 percent on your
broadening Was that alsc done for the original curves”?

MR RIZZOD The original plot up there, the solid
line used the property variation of 2K plus or minus 10

percent on the two s ides
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MR JAaN The answer to your Quest i on s ves
MR ENOS Now, the piping that Stone & Webster is

Is using the original response spectra, and this

includes the 10 percent plus or minus, correct?

"R CLOUVD It would be that solid | ine

MR . ENOS Now, did they have to address the 15

percent”

MR . CLOUD That is the existing design basis, the

solid | ine

M. ENOS But you do mot have to |icense it The
pliant is a 1985 plant it is not & 1972 pliant .

R SHAD You carnmot use part of the ‘85 and the
cothers 1975 The same question that he has You Eannot say

one part is ‘85 and the cther --

going

or do

us ing

point

MR . ENOS s the piping that Stone § UWebster s
to be doing, is it going to be okay to use that spectra
they have to increase”

MR LAMDERS . The current Stone & Webster anal'ysis s
the FEOR commitments . it is not an open issue at this
with respect to what Stone & UWebster s doing

MR SHAD But the point is they may use this

MR LANDERS i€ this is approved and if the

Afpplicant uses (t and if Storne § Webster use it, that is

ancther issuve Current'y Sione & Webster is complying with

licensing
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MR SHAD It is cdifferent, the piping and
damping. The spectra gets into other things The danping is
more cleancut ¥ you want to increase damping values, it
only affects piping., but with spectra, you have the
structures, you have the ~- | just want to say it shows the
whole picture very careful ly before you come in with the
proposal

MR . JENG Cari you Qualify one pcint for me”?
Ear !l ier you mentioned right now the basic direction for the
engineering is to go ahesd and use the old spectra and to see
if that can be qual if ied properly Now, In *he case of an
exceedance or difliculty in this effort, you would
automatically shift to & bunch of -- a list to be handled by
the spectra or after you have tried modi fication with
reasconab e easiness 1c ex' aust al! of the possible reasons,
and thern after you have some (eft that are u~rescoivea, you go
and use this one, or automatically shift to this one

MR. CLOUD The latter It automatically shifts

comp letely

MR . JENG €o it could involve exntens ive uses
MR CLOUD : It wou!ld be the basis for the
qualification of the plant . The reascon for starting now is

pure.y for expediency of gatting the effort moving
MR . GEORGE It is possible, back to Charley’'s

quest ion on timing, that we couid go through the whoie
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revalidation of the plant with the old spectra and riever use
this even If{ we made the submittal.

rit. TRAMMELL | was thinking that this is & problem
sub ject to operations research, typical! probliem The clock s
running, expenses are such and such for this and that, and

there has got to be a8 point in time where Stadf approval of

this is of no value | would think that timel ine must be very
shor t .

MR LANDERS | have another technica! ccncern |
would ike to address, and real!ly Dick’'s question led me to
it It would appear to me, at least for the building that you

have presented, that your broadening in your new approach
will, in fact, be less than the FSAR
MR RIZZD Yes, overall broadening
MR LANDERKS That is going to be a critical issue,
my opinion, and somehow or other you have got to address
@2t SO that the Staff is convinced that what you are doing is

accep able And it is building~dependent, as you pointed

out Some buildings will be very much less, and some will be
slightly less And as | look at the sl ides you put up there,
2 little more broadening puts you ocutside of the original

spectra, and therefore requires some evaluiltion, and having
seen that and recognizing this difference, it leads one to
recognize that there may be some concerns here

MR . JENG The broadening, is It dependent? Or is
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one of the results of this use -~

MR JAanN Etiféfness

MR JENG If you were to use trhe simple fired-base,
trh s may not be the case anymore
MR RIZ20: I1{f we go to the simpie {fixed-base, ther

is mo variation

MR . JENG You are saying the outcome would be about
the same --

MR . SHRD it would have broadening -~

MR. RIZZO Peak broadening but no variation

MR HOLLEY: VYou have pointed cut, you and your
col leagues, a number of the things that come up when you open
the box Vould you say @ few words or outline a few words as
to how much less open tne box is If you go fixed-base?

MR . SHAD The box is open There can be al! kinds
of questions on different things

MR. HOLLEY But a ot of questions would go away,
like the peak broadening

MR . SHAD: It's like if somebody questions --
there’'s no end to it

MR . SCHEPPELE : I think there has to be some
understanding of what box is open. On the part of the
Applicant, | think he misunderstands, and it is part of our
job to try to give him an assessment of this

MR SHRD The box does not even know Suppose all
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sorts of guestions come from external sources”?

MR SCHEPPELE Are you saying there s no answer?

MR SHRD | dom’‘t know the answer It wou!d be a
pretty messy problem later on Plus there (s the poss i ibility
that there are al!l kinds of questions that, even without the

Staff's control, are possible the minute you open the box.

MR . BURWELL From my point of view, | think you
need to be very careful about the impact of taking this course
of action on, shal!l we say, the analysis of record, the
design of record Where do you inicnd to apply it, and where
do you not?

You need to be very clear on that interface. From

what Larry is saying, | think that once y«. start & course, it
will be very difficult to say, well, we will apply it to this
design of record and not to the structure For example, we
will apply it to piping, but not structura! and so on |

think you'd had better think very carefully.

MR GEORGE We would be required to be consistent
with the application it is a prerequisite that many of the
designs in the plant, any structural buiiding supports or
whatever , we recognize that We would have to be consistent

MR SHAD What | 'm worr ied about is, | think you
could do all of this, but your question, your methodology in
certain areas -~

MR . CLOUD 1§ | could sum up the situation, the way
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it looks to me at this time, first | think the meeting ras
been inmensely valuable to all of us

Second, the box that you refer to would be cpened at
the time the submittal were made So the situation that we
find curselves in is that we need to reevaluate our position
to decide either to make no submittal, to rake a submittal on
the basis that we have descr ibed to you, or tc make a

submittal on the basis of a fixed base mode!, which we will

do

MR BURWELL: And we have work to determine that .

MR SHAD: The §fixed base ~- | think you should look
at all of th possible implications before you make a
submittal

MR. CLOUD That s o dec ide whether toc make one

MR TRaMMELL Ard your submittal should Jef ine
precisely what you are looking for, and | would think you
might take a little extra trouble to say it does not apply to

this, this, ard that, and def ne these |imits, so that when
the Staff starts asking you questions, you can say, “"Hey, that
is beyond the scope of my request, and | did not intend to
include that "

It would help us & lot The Staff will run over
you

MR . LANDERS Lines 5 through 8, Section 2.2 1

MR TRAMMELL Be quite spec i fic Iin what you are
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asking for And then you can say that we're asking questions

outs ide the scope

MR CLOUD We wil! go further It is true that we
will ask for the reasons that you elaborated, Charlie, that we
will ask for an expecdited approval, and we will give you the

time that we would hope you would be able to respond

MR TRAMMELL Obvicously the better you def ine it,
the quicker we can review it.

MR CLOUD Fine

MR LIPINSKI It may work the other way, too You
can conf ine the suiwittal to certain aspects, but in the
opinion of the Staff, ‘'t may not be sufficient You may find,
for example, that the evision has to go further beyond what
you descr ibe

MR. TRaMMELL : That is the other shoe Iy it turns
cout that we cannot approve it, that is of equal value

MR LANDERS That is the importance of that kind of
a submittal At that point, the Applicant can say, "I ‘m going
to withdraw my submittal I¥f it‘'s going to broaden it, I'm
going to withdraw it "

MR TRAMMELL - You need a yes or a no; do you not
need a maybe

MR MIZUNO It is not sufficient just to def ine the
lines that you want to have cpen You have to provide a basis

for saying why certain other things which potentially, from &



10

11

12

13

14

16

17

1€

1@

a1

28

23

24

s

101
logical standpoint, are | inked, but you do n t wish to krnow
why these are excluded

MR SHROD That is the sam~ thing | said A lot of
things are |inked together I¥ you could change one part, the
vuest ion is why the other part doesn’'t change

MR JENG- To the extent that you propose that these
proposed changes are A, B, C, D, you should address whethe.-
such a proposal extent would affect consideration of the
changes \o require &8 CP modification or whatever That issue
shou!d be tied in, too

MR CLOUD: Tharnk you very much, gentliemen, and we
will look forward tuo seeing you the next time

[Laughter ]

[Whereupon, at 12 12 o’'clock, p.m., the meet ing was

8 Twurned . ]



P]

10

11

2}

14

15

18

17

13

19

Z0

21

CERTIFICATE OF OFFICIaL REPDRTER

This 15 to certify that the attached proceedings
befnre the United States Nuclear Regulatory Commission irn the

matter of

Name of Proceeding Meeting on Recalculation of Seismic
Response Spectra: Comanche Peak

Cocket No

Place Bethesda, Maryland

Date Tuesday, June 18, 1985

were held as herein appears and that this is the original
transcr ipt thereof for the file of the United States Nuc lear

Regulatory Commission

(Signature) "D',“kﬁ ‘-J\\A l\ d’ lC ( {[/

(Typed Name of Reporter) g, i.ra whitlock

Ann Riley & Asscociates, Ltd.



RE-ANALYSIS
OF
ROCK-STRUCTURE INTERACTION

COMANCHE PEAK STEAM ELECTRIC PLANT
SPRING 1985

OBJECTIVE: TO ASSESS THE EXCESS SEISMIC MARGIN IN THE
IN-STRUCTURE FLOOR RESPONSE SPECTRA CONSIDERING:

@ 1385 VERSUS 1974 TECHNOLOGY

@ AS-BUILT CONGITIONS (MINOR CHANGES AND
REF INEMENTS)



ORDER OF PRESENTATION

BRIEF REVIEW OF BASIC SEISMIC DESIGN
CRITERIA

BRIEF REVIEW OF SITE FOUNDATION CONDITIONS

MAJOR STEPS OF RE-ANALYSIS

EXAMPLE RESULTS (AUXILIARY BUILDING)



BASIC SEISMIC DESIGN CRITERIA

(FSAR)
1TEM VALUE /DEF INITION
SSE 0.126
1/2 SSE (OBE) 0.066
RESPONSE SPECTRA
o HORZ. R.6. 1.60
o VERT. NEWHARK, €T aL., 1973
STRUCTURAL DAMP!4G R.G. 1.61

ARTIFICIAL TIME HISTOR (FR.E FIELD)

e HORZ. ENVELOPES DESIGN SPECTRA

e VT, ENVELOPES DESIGN SPECTRA

o DUFATION 10 SECONDS

CONTROL MOTION LOCATION FOUNDAT iON ELEVATION
RSI APPROACH LUMPED PARAMETER

(SUB-STRUCTURING)

NOTE: FOR THE 1985 RSI RE-ANALYSIS, NO CHANGES TO THE ABOVE
HAVE BEEN INTRODUCED TO DATE.
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COMPARISON

FSAR VERSUS RSI RE-ANALYSIS

ROCK STRUCTURE INTERACTION

I TEM FSAR RE-ANALYSIS
(1) SOIL MASS INCLUDED EXCLUDED
(2) STIFFNESS UNITFORM MODULUS LAYERED SYSTEM
VALUE ADOPTED ANALYSIS
(3) DAMPING
¢ TRANSLATION 10Z (HYSTERETIC)  GEOMETRIC DAMP-
ING (VISTOUS)
+ MAT'L DAMPING
(HYSTERETIC)
o ROTATION 5% (HYSTERETIC) GEOMETRIC DAMP-
ING (VISCOUS)
+ MAT'L DAMPING
(HYSTERETIC)
(4) EMBEDMENT INCLUDED INCLUDED WITH
UPDATED INFOR-
MATION
(5) VARIATION IN
STIFFNESS
o LOWER BOUND K/ Y 65% TO 1502
o BEST ESTIMATE K (BASED ON VARIATION
o UPPER BOUND 2K OF INPUT PARMMETERS)



MAJOR STEPS
FOR
RSI RE-ANALYSIS

STEP DESCRIPTION

(1) DEFINE RSI ANALYSIS PROFILE AND
DYNAMIC ROCK PROPERTIES

(2) DEFINE FOUNDATION GEOMETRY

(3) OBTAIN STIFFNESS 8 DAMPING FOR 6
MODES (RIGID MATS ON ELASTIC LAYERED
SYSTEM)

{ - (4) CORRECT °OR EMBEDMENT
(5) DISTRIBUTE SPRINGS COMPATIBLE WITH

STRUCTURAL MODEL

(b) PERFORM MODAL SUPERPOSITION ANALYSIS
WITH ATH

& DOF

3 DirectioNaL iInPuT Motion (SRSS)
MooaL Damping

Vary Rock PROPERTIES AND EMBEDMENT
EFFecrs

8 Peax Broapew

(7) COMPARE “JLD" AND “NEW” RSI PARAMETERS AND
FLOOR RESPONSE SPECTRA
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AUXILIARY /ELECTRICAL BUILDING
ANALYSIS PROFILE
AND
DYNAMIC ROCK P%OPERTIES

ELEV.
, FON .
(FT) / Aok 5106 ROCK TYPE  (10%psi) v (1b/f42
784
. CLAYSTONE 16 0.40 135
775 9 =169 LIMESTONE 80 0.30 150
‘—7127 o~ CLAYSTONE 16 040 135
FON LEVEL o
ELECT BLDG i
od | LIME STONE 120 N2t 155
i
705 1 :
CLAYSTONE 1.6 0.40 135
700 ©
' ik
LIMESTONE i2.0 0.27 IS5
€30 0 (e
€100 d 38 LIME STONE 12 0.27 IS5
TWIN
MOUNTAINS 30 0.32 I35
FORMATION
500.0




MAJOR STEPS
FOR

RSI RE-ANALYSIS

DESCRIPTION

DEFINE RSI ANALYSIS PROFILE AND
DYNAMIC ROCK PROPERTIES

(2)

DEFINE FOUNDATION GEOMETRY

(3)

~

(4)

(5)

(b)

(7)

-

OBTAIN STIFFNESS & DAMPING FOR 6
MODES (RIGID MATS ON ELASTIC LAYERED
SYSTEM)

CORRECT FOR EMBEDMENT

DISTRIBUTE SPRINGS COMPATIBLE WITH
STRUCTURAL MODEL

PERFORM MCDAL SUPERPOSITION ANALYSIS
WITH ATH

b6 DOF

3 Direcvionat Input Motion (SRSS)
MopaL Dawping

Vary Rock PROPERTIES AND EMBEDMENT
EFFecTS

8 Peax Croapew

COMPARE “OLD” AND “NEW“ RSI PARAMETERS AND
FLOOR RESPONSE SPECTRA
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AUXILIARY / ELECTRICAL BUILDING
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SAFEGUARDS (UNIT | ) BUILDING FOUNDATION




(2)

MAJOR STEPS
FOR
RSI RE-+ AALYSIS

DESCRIPTION

DEFINE RSI ANALYSIS PROFILE AND
DYNAMIC ROCK PROPERTIES

DEFINE FOUNDATION GEOMETRY

(3)

OBTAIN STIFFNESS 8 DAMPING FOR 6

MODES (RIGID MATS ON ELASTIC LAYERED
SYSTEM)

6 (4)

(5)

(b)

(7)

CORRECT FOR EMBEDMENT

DISTRIBU e SPRINGS COMPATIBLE WITH
STRUCTURAL MODEL

PERFORM MODAL SUPERPOSITION ANALYSIS
WITH ATH

& DOF

3 Direcvionar Input Motion (SRSS)
Mopar Damping

Vary Rock PROPERTIES AND EMBEDMENT
ErrFecTs

8 FPeax BROADEN

COMPARE “OLD” AND “NEW” RSI PARAMETERS AND
FLOOR RESPONSE SPECTRA
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FREE-FIELD MOTION  FOUNDATION INPUT MOTION

M
TN

—

IMPEDANCES

STRUCTURAL MODEL

TYPICAL SUBSTRUCTURE APPROACH

S3i

_BEF_ NUREG 4018

X

AN

FREE-FIELD MOTION
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—

NG

—
IMPEDANCE METHOD

il

| wwwees
/ STRUCTURAL
/ MODEL
—

Vi B

HALF SPACE METHOD

CPSES - APPROACH




LAYERED SYSTEM ANALYSIS

(FREQUENCY INDEPENDENT)

ANALYTICAL SOLUTION
FOR HALFSFACE

'

OBTAIN DIMENSIONLESS

STRAIN ENERGY DISTRIBUTION —3n

WITH DEPTH

L

1

CUMULATIVE DIMENSIONLESS STRAIN ENERC
! 2

‘_q_‘
oy ¢
vy

1

DIMENSIONLESS DEPTH
[
L

2 2

COMPUTE STRAIN ENE RGY IN - CUMULATIVE STRAIN ENERGY

COMPUTE
EXTERNA L EACH LAYER
WORK
| COMPUTE TOTAL
STRAIN ENERGY
EQUATE TOTAL STRAIN
—_— ENERGY AND EXTERNAL

WORK DONE

|

OBTAIN EQUIVALENT

i

STIFFNESS AND b
SHEAR MODULUS
' Fa CORRECT FOR |
LAYERING EFFECTS ;
MPUTE EQUIVALENT
co £ EQ n

ALF SPACE DAMPING

PLOTTED AGAINST DEPTH .
VERTICAL MODE

RSI ANALYSIS PROFILE

REF CHRISTIAND et ol , 1874

CORRECT FOR COMPARE WITH
EMBEDWENT | IMPE DANCE ANALY




(FREQUENCY DEPENDENT)

|
\
LAYERED SYSTEM ANALYSIS
|

RSI ANALYSIS FOUNDATION
PROFILE GEOMETRY

RAREY |

CLASSI/ASD PROGRAM

l m

CALCULATE |
GREEN'S FUNCTION
FOR SOIL PROFILE

;

CALCULATE
IMPEDANCE MATRILES
FOR FOUNDATION GEOMETRY

\
! |
SEPARATE REAL |
AND IMAGINARY PARTS

T

1

CORRECT FOR EMBEDMENT

'

CALCULATE STIFFNESS
AND DAMPING COEFFICIENTS
AND COMPARE WITH {
F REQUENCY INDEPENDENT
PARAMETERS
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MAJOR STEPS
FOR

RS1 RE-ANALYSIS

STEP DESCRIPTION

(1 DEFINE RSI ANALYSIS PROFILE AND
DYNAMIC ROCK PROPERTIES

(2) DEFINE FOUNDATION GEOMETRY

(3) OBTAIN STIFFNESS & DAMPING FOR 6
MODES (RIGID MATS ON ELASTIC LAYERED
SYSTEM)

(4) CORRECT FOR EMBEDMENT

(5) DISTRIBUTE SPRINGS COMPATIBLE WITH
STRUCTURAL MODEL

(6) PERFORM MODAL SUPERPGSITION ANALYSIS

(7)

WITH ATH

& DOF

3 DirectionaL InNput Mo-:ion (SRSS)
MopaL Dampine

Ver? Rock PROPERTIES AND EMBEDMENT
EFFeCTS

0 Peax Broapew

COMPARE “OLD“ AND “NEW" RSI1 PARAMETERS AND
FLOOR RESPONSE SPECTRA




EMBEDMENT COEFFICIENTS
AUXILTARY/ELECTRICAL BUILDING

MODE CF = Kewp/Knon-ene

Cems/Cnon-ens

CHRISTIANO NOVAK  GAZETAS  BEST
ET AL, ET AL. (1982) ESTIMATE
(1974) (1973)
VERT. 1.10 1.09 1.09 1.09
HORZ . 1.20 1.15 1.11 1.16
ROCKING (2) 1.13 1.10 1.20 1.15

ROCKING (X) 1.15 1.12 1.24 1.17

TORSION 1.25 1.26 1.30 1.27

1.21

1.54

1.49

1.56

1.92



(%)
—_
1

(1)

(2)

(3)

(4)

MAJOR STEPS
FOR

RSI RE-ANALYS!S

DESCRIPTION

DEFINE RSI ANALYSIS PROFILE AND
DYNAMIC ROCK PROPERTIES

DEFINE FOUNDATION GEOMETRY

OBTAIN STIFFNESS & DAMPING FOR 6
MODES (RIGID MATS ON ELASTIC LAYERED
SYSTEM)

CORRECT FOR EMBEDMENT

L (5)

DISTRIBUTE SPRINGS COMPATIBLE WITH
STRUCTURAL MODEL

(6)

(7)

PERFORM MODAL SUPERPOSITION ANALYSIS
WITH ATH

6 DOF

3 Directionar Input Motion (SRSS)
Mooar Damping

Vary Rock PROPERTIES AND EMBEDMENT

* EFfecTs
0 Peax BroaDew

COMPARE “OLD” AND “NEW” RSI PARAMETERS AND
FLOOR RESPONSE SPECTRA
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SPRING

NODE X Z
s o2 29 . & ‘_
S Pe.22 806 5 4% 62
- , ‘
& 9393 785.C 907
7 in K TE7 K -

L | 3050 | 67.5 4762

N CONTAINMENT BUILDING ~_

| \ | |
\ | ?

LE ONS SHOWN ARE APPROXIMATE AND
REPRESENT BOTTOM OF MAT

SAFEGUARDS BUILDING FOUNDATION




MAJOR STEPS
FOR

RSI RE-ANALYSIS

STEP DESCRIPTION

(1) DEFINE RS! ANALYSIS PROFILE AND
DYNAMIC ROCK PROPERTIES

(2) DEFINE FOUNDATION GEOMETRY

(3) OBTAIN STIFFNESS 8 DAMPING FOR 6
MODES (RIGID MATS ON ELASTIC LAYERED
SYSTEM)

(4) CORRECT FOR EMBEDMENT

(5) DISTRIBUTE SPRINGS COMPATIBLE WITH
STRUCTURAL MODEL

(6) PERFORM MODAL SUPERPOSITION ANALYSIS

WITH ATH

& DOF

3 DirectionaL InPut Motion (SRSS)
MooaL Damping

Vary Rock PROPERTIES AND EMBEDMENT
EFFecTs

@ Perx Broapew

(7)

COMPARE “OLD” AND “NEW” RSI PARAMETERS AND
FLOOR RESPONSE SPECTRA




MODAL SUPERPOSITION ANALYSIS

PERFORM
‘| RST ANALYSIS
' FSAR
STIFFNESS LUMPED MASS &
8 STIFFNESS MODEL
DAMPING }
SEISMIC ANALYSIS
MODEL
PERFORM
MODE FREQUENCY
ANALYSIS
COMPUTE

WEIGHTED MODAL
DAMPING VALUES
AND
PARTICIPATION FACTORS

'

COMPUTE RESPONSE INPUT X, ¥, Z
TIME HISTORIECZ N —==— ARTIFICIAL
EACH MODE TIME HISTORIES

|

SUPERPOSE RESF HSE
N EACH MCbe )
COMPUTE TOTAL RESPONSE
TIME HISTORIES




ACCELERATION TIME HISTORIES
FOR & DEGREES OF FREEDOM
FOR X. Y, 8 Z INPUT

!

COMPUTE FLOOR RESPONSE SPECTRA
AT C.G.

!

COMBINE RESPONSE SPECTRA
FROM X, Y, & Z INPUT
BY SRSS

+

REPEAT ANALYSIS
FOR LOWER BOUND
AND UPPER BOUND

|

ENVELOPE RESULTS

!

PEAK BROADEN
FLOOR RESPONSE SPECTRA £10%




TREATMENT OF MODAL DAMPING

FSAR 1} DJ
Dj = ,}:E l}. ¢ _REE ' WHITMAN, 196
2 Eij
i
RE- ANALYSIS JEL (24Bj+Dj)
Di =4
JE L} REF : ROESSET ET A
J 1972

Di= WEIGHTED DAMPING FOR MODE
Dj= HYSTERETIC DAMPING FOR COMPONENT

Eij MODAL ENERGY STORED IN COMPONENT ;
IN MODE

wi= FREQUENCY OF MODE
wj = FUNDAMENTAL FREQUENCY OF RSI COMPONENT 4

Bji= VISCOUS DAMPING FOR RSI COMPONENT }



(2)

(3)

(4)

(5)

(b)

MAJOR STEPS
FOR

RS1 RE-ANALYSIS

DESCRIPTION

DEFINE RSI ANALYSIS PROFILE AND
DYNAMIC ROCK PROPERTIES

DEFINE FOUNDATION GEOMETRY

OBTAIN STIFFNESS & DAMPIIG FOR 6
MODES (RIGIu MATS ON ELASTIC LAYERED
SYSTEM)

CORRECT FOR EMBEDMENT

DISTRIBUTE SPRINGS COMPATIBLE WITH
STRUCTURAL MODEL

PERFORM MODAL SUPERPOSITION ANALYSIS
WITH ATH

& DOF

3 DirectionaL InPuT Motion (SRSS)
MooaL Damping

Vary Rock PROPERTIES AND EMBEDMENT
EFFeCTs

0 Peax Broapew

(7)

COMPARE “OLD" AND “NEW“ RSI PARAMETERS AND
FLOOR RESPONSE SPECTRA
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ELECTRICAL BLDG.
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AUXILIARY / ELECRICAL BUILDING
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COORDINATE SYSTEM

AUX. BLDG.

ELECT BLDG

SEISMIC MODEL

AUXILIARY/ ELECTRICAL BUILDING




MODE

VERTICAL
X 108 KIP/FT.

HORI ZONTAL
X 108 KIP/FT.

ROCKING ABOUT X AXIS
X 1912 KIP-FT/RAD.

ROCKING ABOUT Z AXIS
X 1012 KIP-FT/RAD.

TORSION ABOUT Y AXIS
X 1012 KIP-FT/RAD.

LOWER
BOUND

.35

32

.38

57

71

AUXILIARY/ELECTRICAL BUILDING
FOUNDATION SPRING CONSTANTS
RSI RE-ANALYSIS

BEST
ESTIMATE

46

L

052

77

.94

UPPER
BOUND

0.60

0.59

0.72

1.04

1.24

l.  ALL VALUES ACCOUNT FOR LAYERING AND EMBEDMENT EFFECTS.




COMPARISON
FSAR VERSUS RSI RE-ANALYSIS
AUXTLIARY BUILDING
FOUNDATION SPRING CONSTANTS

BEST BEST
ESTIMATE ESTIMATE
MODE FSAR RECOMMENDED
VERTICAL 49 .26
X 108 KIP/FT.
HORIZONTAL ALONG X AXIS 49 14
X 108 KIP/FT.
HORIZONTAL ALONG Z AXIS 47 14
X 108 KIP-FT
ROCKING ABOUT X AXIS 15 .30
X 1012 KIP-FT/RAD.
ROCKING ABOUT Z AXIS .08 .25
X 1012 KIP-FT/RAD.
TORSION ABOUT Y AXIS 21 .21

X 1012 KIP-FT/RAD



COMPARISON
FSAR VERSUS RSI RE-ANALYSIS
ELECTRICAL BUILDING
FOUNDATION SPRING CONSTANTS

BEST BEST
ESTIMATE ESTIMATE
MODE FSAR RECOMMENDED
VERTICAL .39 .20
X 108 KIP/FT.
HORIZONTAL ALONG X AXIS 48 .30
X 108 KIP/FT.
HORIZONTAL ALONG Z AXIS .50 .30
X 108 KIP-FT
ROCKING ABOUT X AXIS .09 .22
X 1012 KIP-FT/RAD.
ROCKING ABOUT Z AXIS .03 .36
X 1012 K1P-FT/RAD.
TORSION ABOUT Y AXIS 12 53

X 1012 KIP-FT/RAD



AUXTLTARY/ELECTRICAL BUILDING
FOUNDATION DAMPING VALUES

RS RE-ANALYSIS
GEOME™ RIC MATERTAL

MODE DAMPING (VISCOUS)  DAMPING (HYSTERETIC)

. 1
VERTICAL 65 2
HOP.1 ZONTAL 50 2
ROCKING ABOUT X % 2
ROCKING ABOUT Z 3] | 2
TORS1ON 22 2

l. ALL VALUES ACCOUNT FOR LAYERING AND EMBEDMENT EFFECTS.

2. DGEOMETRIC DAMPING VALUES JEFINED AT RIGID-BODY INTERACTION
FREQUENCIES.



ACCELERATION (G)

300

6.00 7.50

4.50

1.50

-0.00

m~

AUXILIARY BUILDING
FLOOR RESPONSE SPECTRA

FSAR vs RS| RE-ANALYSIS

COMPONENT AX; DAMPING= 002 AT ELEVATION B9950FEET

.000 10.00 40.0
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(G)

ACCELERATION

P

AUXILIARY BUILDING
FLOOR RESPONSE SPECTRA

FSAR vs RS| RE-ANALYSIS

COMPONENT A X, DAMPING =002 AT ELEVATIONB873 50 FEET
1.000 10.00 40 0
2 3 4 5 s 7 8 9 2 3
8 o
e T—————— o ~
LEGEND
*FSAR

— — — RS| RE-ANALYSI!IS o

o o
o N— e

0 w

. 2

T e N

o (&)

o o

\ \
8 / J \ | 4
- rTf 1S -
P \~
-— \\

\‘\P — — —— — —) )

8 o

o o

1 000 2 3 1 5 I 9'0'00 2 3 40 0

FREQUENCY (H2Z)



(ZH) AONINOIHA
2 W 9 i 8 8 . ¢ 2

0 [
o & o
W 'jv”l/l m
HJ I..l‘\llﬁ
/ i IHXI.'I
—ha®

o 3
el w
(o] o
o I's)
& S
$ -
» o &
- o

o
O] SISKIUNV-3Y ISY ————

HvS4d
N353
~ ~
» w»
o o
€ 2 €6 8 2 9 g v £ 2
0 0¢ 00 0l 000 |
1334 05064 NOILVAZ 13 LV 200 =9NIdAVQ "XV LNINOIWOD

SISATTVNVY-34 ISY SA HVSA

VH103dS 3SNO4S3IY ¥HO0014
ONIQTTING AYVITIXNY

P

NOILVE3T300V

(9)



(ZH) AODN3INO3I NI

s 4 2 Mo & 98 'w ¢ 2 ooo..c
w P — — ‘ m
o — | L
—— o
r——, )% \ln )
& /fl d 3
,L’ »..\
/ / \

[ A w B
O
W — AOu .ﬂdu_
i
m
i
=3
& > =
o J o m
®
» »

3 8

SISATUNV-3Y ISy — =— —
4V S4d
adN39317

~ . ~

o 3

=R ¢ 2 S BT el ¢ 2 e

1334 05668 NOILVAI1I LV 200 =9NIdWYQ * 2V ININOJWOD

SISATTYNY -3 ISY sA HVYSH

VH103dS 3SNOdS3y¥ HO0O04
eriZang Aayviixny



(G)

ACCELERATION

-~

AUXILIARY BUILDING
FLOOR RESPONSE SPECTRA

FSAR vs RS| RE-ANALYSIS

COMPONENT AZ , DAMPING= 002 AT ELEVATION B7350 FEET
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(G)

ACCELERATION

COMPONENT A7,

-

AUXILIARY BUILDING
FLOOR RESPONSE SPECTRA

FSAR vs RSI RE-ANALYSIS

DAMPING=0.02

AT ELEVATION 79050 FEET
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ACCELERATION
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AUXILIARY BUILDING
FLOOR RESPONSE SPEZTRA

FSAR vs RSI RE-ANALYSIS
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